Ophthalmologic Manifestations of Migraines

Disease

Migraine refers to a primary headache disorder commonly characterized by severe, unilateral
(alternating hemicranias), throbbing pain with associated nausea, photophobia, phonophobia, and
preceding aura. Less commonly, migraines may present bilaterally, with a moderate, constant
pain.[1] They are typically 4-72 hours in duration and are often debilitating (see HIS criteria below).
Migraine headaches can be episodic (occurring <15 days per month) or chronic (occurring >15 days
per month), and a number of prodromal or postdromal symptoms may also occur hours before or
after a migraine headache occurs .[1]2]

The most common neuro-ophthalmologic symptoms are photophobia and visual aura. Photophobia
typically presents as light sensitivity, ocular discomfort, and/or headache exacerbation by light. It
may affect visual and color perception and induce visual perceptual distortions. Photophobia is
almost always bilateral in patients with migraine. It can be differentiated from photophobia in patients
with trigeminal autonomic cephalalgias including hemicrania continua as those conditions more often
present unilaterally, ipsilateral to the side of pain.[3] In contrast, visual aura may involve a flickering,
scintillating, crescent-shaped, bright geometric figure in the visual hemifield with march and build up.
The visual aura is often unrelated to the side of head pain and can be heterogenous or
pleomorphic.[3]i4] The aura is typically bilateral and simultaneous as opposed to retinal vasospasm
(“retinal migraine”) which is unilateral.

Courtesy of Julie Falardeau, MD. AAO multimedia accessed May 23,2020.

Visual aura of migraine. A. Starts with a small scotoma usually central that is scintillating,
colored, fortifying and expanding towards the periphery (B—C) that eventually breaks up (D). The
times shown represent minutes from the onset of the visual aura.
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Migraine variants with neuro-ophthalmologic symptoms include aura without headache, basilar-type
migraine, retinal migraine, and migraine with binocular blindness. Migraine aura without headache
may present similarly to transient ischemic attack and occipital lobe seizures, especially when
concurrent with negative features (i.e. hemianopia). Basilar-type migraine, or migraine with
brainstem aura, is defined as a headache with neurological symptoms localized to the brainstem (i.e.
dizziness, ataxia, tinnitus, hearing loss, syncope, etc.). A typical aura in both the temporal and nasal
hemifields may be present, accompanied by diplopia. “Retinal migraine” (retinal vasospasm)
presents with typical migraine headache and a reversible monocular visual loss, scintillations,
scotomata, or blindness. A rarer variant is migraine with binocular blindness that presents with
characteristic migraine features with transient binocular visual loss.[3]

A rare but serious complication associated with migraine aura is migrainous infarction. Migrainous
infarction is defined by the International Headache Society (IHS) as the presence of migraine aura
symptoms associated with ischemic brain lesion(s), typically in the posterior circulation. A visual aura
that resolves within minutes to hours is the most common symptom that occurs prior to an acute
migrainous infarct.[5] Although a direct causative link has not been identified, an increased frequency
of migraine attacks is correlated with an increased risk of ischemic stroke.[6]

Other less common visual manifestations include visual hallucinations, illusions, distortions, and
persistent positive visual phenomena. Hallucinations and illusions as a sequela of migraines can
present as distorted perception of size, movement, or general characteristics of images, without
disturbances in language or motor activity. Specifically, patients may retain an image of an object
that is no longer in the field of view, a condition referred to as palinopsia. It is more common in
patients who experience migraine with aura compared to migraines without aura.[3] In contrast, a
more continuous visual disturbance is persistent positive visual phenomena, or visual snow. Visual
snow consists of diffuse small particles, such as TV static, rain, dots, etc. in the total visual field that
can persist for years.[1][7] Visual snow is the pathognomonic characteristic of visual snow syndrome
(VSS), of which, 60% of patients experience comorbid migraines with or without aura .[8][9] A less
prevalent, but possible complication of migraine includes Alice in Wonderland Syndrome (AIWS).
Common visual symptoms of Alice in Wonderland Syndrome include pelopsia, telopsia, micropsia,
macropsia, and hallucinations. Patients may also experience perceptual disturbances such as
microsomatognosia or macrosomatognosia, depersonalization, or auditory hallucinations. Perfusion
scans have shown an association between AIWS and insufficient perfusion of the visual tracts and
occipital lobe; however, MRI, CT, and evoked potential tests showed no significant changes.[10]
Because this syndrome is widely varied in its presentation, no universally accepted diagnostic
criteria exist.[11]

Etiology

The etiology for migraine remains under study but some common mechanisms for the migraine
headache pain have been proposed including irritation of the trigeminal nerve, meninges, and/or
blood vessels. Lifestyle factors may trigger migraine development such as menstrual cycles
(catamenial migraines), stress, and irregular sleep patterns.[1] Possible dietary triggers of migraine
include alcohol (especially red wine and beer), monosodium glutamate (MSG), caffeine, dairy
products (aged cheeses, food preservatives), artificial sweeteners (such as aspartame) and
chocolate.[12][13] Medications including oral contraceptives, estrogen hormone therapy, nasal
decongestants, opioids, and selective serotonin-reuptake inhibitors can exacerbate migraines.[1]
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Other factors that may trigger migraine headaches include weather changes and sensory stimuli,
including certain noises, smells, and visual disturbances.[14] Light is the most common reported
trigger for the development of aura and photophobia, and can worsen acute migraine.[3]

Risk Factors

Several migraine-associated risk factors have been proposed including female sex, obesity,
diabetes, head injury, stress, less than high school education, and lower household income.[15] Risk
factors associated with the progression of episodic to chronic migraines include acute migraine
medication overuse (>15 days per month of analgesics or >10 days per month of triptans) and
ineffective treatment of acute migraine attacks. Proposed mechanisms of the latter association
involve sensitization processes due to prolonged exposure to headaches or increased frequency or
dosage of migraine medication.[16] Although a Mendelian pattern of inheritance has not been
identified in the development of migraines, the importance of genetic factors has been reported in
the development of aura.[17]

Although not explicitly defined as risk factors, subtypes of migraines with neuro-ophthalmologic
symptoms are associated with certain demographics. Visual aura without headache is more
common in older patients with history of migraine or in patients who previously experienced aura
with migraine. Basilar-type headache typically occurs in adolescent and young adult women. Retinal
migraine is more common in young adult females with a history of aura. Because migraine with
binocular blindness is rare, little evidence is available to define risk factors. Proposed risk factors
include abnormalities in the coagulation cascade (i.e., polymorphisms in MTHFR C677T) as well as
female gender.[3] Patients with migraine with binocular blindness typically do not have a history of
aura.[18] Similarly, migrainous infarction is more likely to occur in females under the age of 45 years
old, who use oral contraception and tobacco products. Genetic predisposition to hyperactivity of
vessels, endothelial dysfunction, and clotting disorders also increase risk for this subtype.[s] In
contrast to the typical female predominance, AIWS is more common in young males (5-14 years old)
and in adolescent and young adult females (16-18 years old).[11]

Pathophysiology

Migraine has been hypothesized to be caused by irritation of the meninges, blood vessels, or
regions supplied by the trigeminal nerve. Substance P, nitrous oxide, and calcitonin gene-related
peptide have all been implicated in the possible pathophysiology of migraine as they contribute to
plasma extravasation, neurogenic inflammation, and vasodilation. Other structures involved in
migraine pathophysiology include the periaqueductal gray (PAG), locus coeruleus (LC), and dorsal
raphe nucleus (DRN).[3][19]

The specific pathophysiology has not been elucidated for all subtypes of migraine. Basilar-type
headache is presumed to be due to cortical spreading depression in the brainstem. Basilar artery
pathology has not been associated with basilar-type headache. Retinal migraine is also
hypothesized to involve cortical spreading depression in the retina.[3] Due to the rare occurrence of
migraine with binocular blindness, the underlying pathophysiology is unclear. Leading hypotheses to
describe this pathology include an underlying clotting disorder, retinal spreading depression, or
activation of the retinal-thalamic-visual cortex pathway.[3][18]
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Similarly, the mechanisms underlying neuro-ophthalmologic symptoms, such as AIWS, photophobia,
aura, hallucinations, and persistent positive visual phenomena, of migraines are still under
investigation. AIWS secondary to migraines may involve transient ischemia of the visual tracts.[20]
Other proposed mechanisms include hypoperfusion of the frontoparietal and frontal areas, frontal
lobe epilepsy seizure, and focal frontal lobe infarct.[11]

In contrast, photophobia in migraine may originate in cone-driven retinal pathways and involve
hyperexcitation of light-sensitive thalamic neurons and the cortex.[3]j21] It is possible that
photophobia is exacerbated when patients are exposed to different wavelengths of visible light (i.e.,
green light stimulates less than white light).[21] Visual aura is caused by cortical spreading
depression characterized by neuronal depolarization, leading to a disruption of iron gradients and
loss of membrane resistance. Increased potassium concentrations promote the spread of
depolarization across neural tissue and leads to release of excitatory amino acids that potentiate the
spread. However, the mechanism of cortical spreading depression initiation has not been fully
elucidated.[3]

The pathophysiology of hallucinations in migraines remains uncertain. It has been linked to
dysfunction in the parietal lobe coordinate systems and activation of the occipitotemporal region of
the nondominant hemisphere.[3]

Lastly, patients with persistent positive visual phenomena (such as visual snow) typically have
hypermetabolism in the supplementary visual cortex (lingual gyrus) of Brodmann area 19
demonstrated on imaging.[22] Hypermetabolism of the primary visual cortex was not visualized,
therefore it was suggested that processing of higher visual order was affected instead of the
upstream visual input.[23]

Signs & Symptoms

Visual aura without migraine has a variable presentation and may have symptoms similar to
transient ischemic attack and occipital lobe seizures. The aura may be of atypical duration, or is
accompanied by negative features such as hemianopia.

The basilar-type headache often presents with dizziness, dysarthria, ataxia, tinnitus, hearing loss,
bilateral paresthesia, altered consciousness, syncope, which are indicative of symptoms involving
the brainstem.[3] These headaches may also be associated with bilateral visual impairment.[18]
Retinal migraine presents with reversible monocular visual loss, scintillations, and scotoma, and
typically presents in patients with a history of migraine with aura.[3] Similarly, migraine with binocular
blindness presents with transient vision loss that may be irreversible, usually in patients with no
history of aura .[3]

Photophobia presents with abnormal sensitivity to light, ocular discomfort, and exacerbation of
headache by light. It is typically bilateral. Patients experiencing aura will describe a bright crescent
shape in the visual hemifield. It may be of a flickering quality. Hallucination is the perception of
viewing objects that are not present in the visual field, which differs from persistent positive visual
phenomena. The latter can present as continuous, white and black dots in the entire visual field that
can persist for years. Patients may also complain of seeing floaters or halos, and symptoms may be
accompanied by palinopsia, photophobia, and phosphenes.[3] Palinopsia specifically may be
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triggered by medications such as trazodone, topiramate, mirtazapine, zosuquidar, and
sumatriptan.[24][25][26]

Physical Examination

A general physical examination of an adult presenting with headache includes obtaining vital signs,
auscultating bruits for signs of arteriovenous malformation, palpating the head and neck, examining
temporal and neck arteries and veins, and examining the neck and spine muscles. A neurological
examination is also warranted if patients present with focal deficits.

Patients who additionally present with ocular manifestations could undergo a complete ocular
examination. Physicians could initially inspect the orbit and surrounding structures and assess visual
acuity and visual fields, extraocular movement, and pupillary response to light. A fundoscopic
examination and a slit lamp examination is also recommended. The eye exam in typical migraine
however should be normal including visual field testing.

Clinical Diagnosis

The clinical diagnosis of migraine is based on patient history, physical examination, and fulfillment of
specific ICHD-3 diagnostic criteria (see below).

Migraine with Aura
Must fulfill eriteria from Column A AND Column B

Column A: one or more of the | Column B: two or more of the following:
following aura symptoms:

e \isual s Atleast one aura symptom 25 minutes and/or two or more symptoms
& Sensory occur in succession

e Speech and/or language « Each aura symptom lasts 5-60 minutes

« Motor & At least one aura symptom is unilateral

¢+ Brainstem # The aura is accompanied by headache within 60 minutes

+ Retinal

Adapted from: The International Classification of Headache Disorders, 3 Edition

Table 1. Migraine with aura


https://eyewiki.org/Ophthalmologic_Manifestations_of_Migraines#cite_note-hughes25-24
https://eyewiki.org/Ophthalmologic_Manifestations_of_Migraines#cite_note-yun26-25
https://eyewiki.org/Ophthalmologic_Manifestations_of_Migraines#cite_note-abert27-26

Migraine without Aura

Column A: All of the
following

Eulhmn B: two or mt-:»re of the
following:

Must fulfill criteria from Column A, Column B, AND Column C

Column B: one or m_ure of the_
following during headache:

At least five attacks
Headache attacks lasting
4-72 hours {untreated or
unsuccessfully treated)

Unilateral location

Pulsating quality

Moderate to severe pain intensity
Agpgravation by or causing avoidance
of routine physical activity

& Mausea and/or vomiting

Photophobia and phonophobia

Adapted from: The International Classification of Headache Disorders, 3™ Edition

Table 2. Migraine without aura

Basilar-Type Migraine (Migraine with Brainstem Aura)

Must fulfill criteria from Column A, Column B, AND Column C

Column A: All of the following |

Column B: two or more of the

Column B: two or more of the

| following: following during headache:

» At least two attacks *  Dysarthria & At least one aura symptoms
Reversible aura with | & Vertigo spreads gradually over at least 5
visual, sensory, andfor| e Tinnitus minutes andfor two or more
speech symptoms, but no | « Hypacusis (Conductive or symptoms occur in succession
motor or retinal neurosensory hearing # Each individual aura symptoms
symptoms impairment) lasts 5-60 minutes

| » Diplopia s At least one aura symptom is
| « Ataxia unilateral
| « Decreased level of consciousness | * Headache accurs during or within

60 minutes of aura

Must exclude transient ischemic attack

Adapted from: The International Classification of Headache Disorders, 3™ Edition

Table 3. Basilar migraine




Retinal Migraine
Must have at least two attacks AND fulfill criteria from Column A AND Column B
Column A: aura with fully reversible monocular | Column B: Two or more of the following:
positive andfor negative visual phenomena
confirmed during attack by at least one of the

following:
# Clinical visual field examination * Aura spreads gradually over 5 or more minutes
+ Patient’s drawing of a monocular field defect & Aura symptoms last 5-60 minutes
¢ Headache occurs during or within 60 minutes of
aura

Must exclude causes of amaurosis fugax
Adapted from: The International Classification of Headache Disorders, 3™ Edition

Table 4. Retinal migraine

All criteria must be met for diagnosis:

+ Presence of migraine with aura (typical of previous attacks) with one or more aura symptoms persisting
for =60 minutes
Presence of ischemic brain lesions in appropriate territory demonstrated by neuroimaging
Not better accounted by another diagnosis

Adapted from: The International Classification of Headache Disorders, 3™ Edition

Table 5. Migrainous infarction

Clear diagnostic criteria for AIWS and migraine with binocular blindness do not currently exist.[3][11]
Proposed criteria for AIWS include: one or more episodes of self-experienced body schema illusion
or metamorphopsia, duration lasting longer than 30 minutes, symptoms of headache or a history of
migraine, normal MRI, CSF, and EEG (although visual evoked potentials may be abnormal).j27]

Diagnostic Procedures & Laboratory Tests

Diagnosis of migraine is based on patient history and physical exam findings (clinical signs) as
specific diagnostic tests do not exist. Imaging is not typically indicated in patients with typical
migraine symptoms. It may be considered in patients who present with unexplained abnormal
neurological exam findings or with atypical headache features (onset of headache after 40 years of
age, progressive worsening of symptoms, suspicion of migrainous infarction, etc.). A sudden, severe
headache necessitates imaging to rule out subarachnoid hemorrhage. The preferred imaging study
for an acute intracranial hemorrhage is a CT (computed tomography) scan without contrast when
indicated. If posterior fossa lesions or CSF leaks are suspected, an MRI (magnetic resonance
image) is warranted.[3]
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Differential Diagnosis

The differential diagnosis of migraine includes other primary causes of headache such as tension
headache and cluster headache. It also includes headaches secondary to other conditions such as
trauma, infection, congenital disorders, or cerebrovascular disorders. Specifically, the differential
diagnosis for migraine with visual aura includes TIA (transient ischemic attack) and seizure. Migraine
with visual aura may be differentiated from TIA or seizure due to the more characteristic gradual
onset, duration and quality of the aura and associated nausea, vomiting, phonophobia and
photophobia.

Management

Primary Prevention

General prophylactic measures for migraine include lifestyle modification (diet, physical activity),
avoidance of triggers, and medications including tricyclic antidepressants (TCAs), certain
anti-epileptics agents, beta blockers, calcium channel blockers (CCBs).[3] Botulinum toxin injections
have recently been approved for the prophylactic treatment of chronic migraine as the toxin leads to
reduced headache days and is generally well tolerated.[28] While not the standard, magnesium
administration and riboflavin administration also may be effective.[29]30](31] A randomized control trial
evaluated the efficacy of magnesium as a prophylactic agent. The trial demonstrated a reduction in
attack frequency by 41.6% in the experimental group (treated with high dose oral magnesium)
versus a 15.8% reduction in the placebo group compared to baseline.[31] Riboflavin may also aid in
the reduction in migraine headache frequency.[31] A systematic review of 11 clinical trials, suggested
a therapeutic benefit whereas the rest showed mixed results or no benefit.[31] Although patients have
reported prophylactic success with magnesium or riboflavin, more robust data are needed.
Prophylaxis for migraine is primarily dependent on medication side effect profiles and specific patient
co-morbidities. Selection of prophylactic agents may be particularly difficult in preventing symptoms
such as palinopsia that has a multifaceted etiology.

Medical Therapy

In the acute setting, migraines are managed with analgesics such as nonsteroidal anti-inflammatory
drugs (NSAIDs). These medications work by blocking inflammation via the arachidonic pathway.
Caffeine can be used as an adjuvant to enhance the effects of analgesics for acute treatment of
migraine headaches if used in appropriate doses.[32] If symptoms are not relieved, treatment with
triptans may be used. Triptans act as agonists to the 5-hydroxytryptamine-1B/1D (5-HT-1B/1D)
receptors and cause vasoconstriction of the intracranial blood vessels and inhibition of the pain
pathways involving the trigeminal nerve. Given their vasoconstriction properties, triptans are
contraindicated in the setting of coronary artery disease and ischemic stroke.[33][34] Ergotamine
compounds work similarly and have been indicated, but are used less frequently due to their side
effect profile.[3] Because triptans and ergotamines both stimulate serotonergic receptors in the
cerebral and coronary vasculature, it is contraindicated to administer them within 24 hours of each
other.[34] Data for this recommendation are limited; however, cardiac events in patients using these
agents (i.e. myocardial infarction, stroke) have been reported.[34]
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In select patients, corticosteroid therapy has demonstrated efficacy as abortive therapy in acute
migraine attacks. Patients experiencing refractory headaches, severe baseline pain intensity, and
status migrainosus had the most beneficial response.[35]

Although not a standard treatment, magnesium sulfate has demonstrated efficacy as a prophylactic
agent (see ‘Primary Prevention’) and an abortive therapy in the setting of migraine. A randomized
control trial with n=30 was conducted to evaluate the efficacy of IV magnesium sulfate in the
treatment of migraines. The experimental group (n=15) was treated with IV magnesium sulfate.
N=13 patients (86.6%) experienced complete resolution of pain and the remaining 2 patients
(13.4%) experienced a reduction in pain intensity. Accompanying symptoms (nausea, irritability,
photophobia, etc.) in the experimental group resolved completely in all patients. In the control group,
administration of IV saline (placebo) resulted in a reduction of pain intensity in n=1 patient (6.7%),
while the remaining n=14 (93.3%) patients remained at their baseline pain intensity. All patients in
the control group were subsequently treated with IV magnesium sulfate and n=14 patients (93.3%)
had a complete resolution of pain, while the remaining n=1 patient reported reduced pain.[29] While
this study provides convincing evidence of the therapeutic benefit of magnesium administration,
larger-scale trials are indicated.

Medical Follow Up

Patients who experience recurrent attacks of migraines are advised to follow up with their physicians
for prophylactic therapy. Doses of these preventative medications can be titrated at follow-up visits
as necessary. It is also recommended that patients follow up if they continue to experience migraine
attacks despite pharmacologic intervention. It is important to closely follow patients who present with
retinal migraine to prevent irreversible blindness.[3]

Surgery

Surgery is not typically indicated for migraine. A proposed prophylactic surgical intervention is
removal of nerve tissue or muscle in patients with moderate to severe and frequent migraines. This
proposal followed a randomized control trial that involved removal of the glabellar muscles from
patients with frontal trigger sites, removal of the zygomaticotemporal branch for temporal trigger
sites, and partial removal of the semispinalis capitus muscle for occipital trigger sites in the
experimental group (n=49). The control group (n=26) involved a sham surgery. This study
demonstrated improvement in the experimental group, with complete cessation of migraines in 57%
of experimental patients compared to 4% of control patients.[36]

Additionally, surgery involving resection of the corrugator supercilia muscle has been reported for
long-term relief. The result is decompression of supra-trochlear and supra-orbital nerves with
avulsion of zygomaticotemporal branch of the trigeminal nerve. The study involved n=30 volunteers.
There were no controls used in this study. Migraine reduction was assessed via pre- and
post-surgery questionnaires. The average number of migraines decreased from 15.2+6.3 episodes
per month to 1.9+2.4 episodes per month. Two patients had no significant improvement after
surgery.[37]

Although both studies endorse improvement of migraine symptoms, these techniques have not been
universally accepted as an effective prophylactic measure as more rigorous trials are necessary.
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Complications

General migraine complications include attacks with prolonged symptoms, infarction, or seizure.
Prolonged symptoms may include status migrainosus or persistent aura without infarction. Status
migrainosus lasts greater than 72 hours and is characterized by a debilitating migraine attack, and
has shown high likelihood of progressing to chronic migraine.[38] Persistent aura without infarction
involves aura symptoms that last for more than one week without evidence of infarction on
neuroimaging. Migraine with aura may also trigger a seizure, a rare but possible complication;
however, recurrence rates of migraine with aura may be lower after migrainous infarction.[39] For
migraine attacks that last for greater than one hour, migrainous infarction is a feared complication.
Neuroimaging reveals infarction of the involved area of the brain and physical exam findings are
consistent with focal deficits.[3]

Specific migraine subtypes are associated with unique long-term sequelae. Basilar-type migraine
symptoms are usually fully reversible when they present as individual attacks. Coma and death are
possible but are very rare occurrences. Focal and generalized seizures may result, especially when
basilar-type migraines are present in children.[40] In contrast, retinal migraine can result in
irreversible visual loss and/or persistent cutaneous allodynia. Possible etiologies include migrainous
infarction or vasospasm and ischemia. Predictors of this long-term complication are unknown.[3]j41]
Although migraine with binocular blindness presents with vision loss, it most often occurs transiently
without recurrence. Studies have indicated visual loss to last between one to ten minutes. Long-term
complications are unknown due to the rarity of this migraine variant.[18] Lastly, AIWS may result in
perceptual disturbances that are typically benign. However, symptoms may recur with onset of
migraine in chronic cases.[42]

Prognosis

Relapse has been implicated in chronic migraine. Certain factors have been proposed as predictors
of poor prognosis in migraine. These include psychological contributors (such as depression, stress,
and sleep) and migraine characteristics (such as duration and lack of response to prophylaxis and
medical intervention).[3][43] The prognosis of migraine variants has not been fully elucidated due to
limited data. Typically, migraines are managed with prophylactic therapy and individual migraine
attacks can be controlled with pharmacologic intervention. Rarely, migraine variants, such as the
basilar-type, may transform into other types.[3]

Additional Resources

e Boyd K, DeAngelis KD. Migraine. American Academy of Ophthalmology. EyeSmart® Eye
health. https://www.aao.org/eye-health/diseases/migraine. Accessed March 18, 2019.
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