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ABSTRACT

Migraine is a common neurological disorder affecting 12% of the global population. The common
risk factors are adolescent age, genetics, and female sex, and are triggered by hormonal
fluctuations, emotional stress, sensory overload, weather changes, alcohol consumption,
fasting, cheese, chocolate, smoked fish, yeast extract, cured meats, artificial sweeteners, food
preservatives containing nitrates and nitrites, and sleep disturbances. Migraine with aura

is associated with an increased risk of cardiovascular disease events, such as myocardial
infarction, angina pectoris, and cardiac arrhythmias, and has recently been added to the QRISK3
cardiovascular disease prediction score. Population-based cohort studies have shown a
significant association of migraine with aura and cardiac arrhythmias, most importantly atrial
fibrillation. Patients suffering from migraine with aura are at an increased risk for cardiac
arrhythmias; thus, it is essential to screen these patients for undiagnosed cardiovascular
disorders.
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INTRODUCTION

Migraine is a complex cyclical brain disorder that is thought to be caused by dysfunction
of sensory processing and homeostatic mechanisms. North America has the highest rate
of migraine occurrence, followed by South and Central America, Europe, Asia, and Africa’.
It is the second most frequent cause of disability among women worldwide after low
back pain, thereby imposing a significant burden on individuals and society as a whole,
as patients who experience acute attacks are less productive, resulting in absenteeism
from work that can cause a consequential financial cost burden?. Assessing this cost
burden using the Migraine Disability Assessment Scale (MIDAS) questionnaire revealed
that worsening disability due to migraine causes a significant increase in healthcare
utilization cost among American citizens>. The overall age-standardized prevalence

is 12%, with a prevalence of 18% in women and 9% in men#. It is more prevalent

among women than in men, and sex hormones are believed to play a key role in this
discrepancy, as the variations in estrogen and progesterone have an effect on its
etiology>. It is also associated with a strong genetic component; thus, the risk of
developing migraine increases with a positive family history®. However, due to its
complex genetic basis, no known inheritance pattern has been identified yet”. Several
genome-wide studies have been conducted on previously identified genes that are
expected to be involved in its pathophysiology, but no link between these genes and the
onset of migraine has been discovered®.

Migraine can present with varying intensities of headache and is frequently
accompanied by nausea, vomiting, photophobia, and phonophobia. The probable
triggers for the development of migraine headaches include stress, hormonal changes
during menstruation, ovulation, pregnancy, skipped meals, weather changes, excessive
or insufficient sleep, odors (perfumes, colognes, petroleum distillates), exposure to light,
alcohol ingestion, smoking, and certain foods®.

Migraines are classified as migraine with aura (MA), seen in at least one-third of
patients, and without aura. Aura is defined as the sensory symptoms that may precede a
migraine attack or present simultaneously. These can be visual (flickers of light or blind
spots), auditory (tinnitus), or sensory (numbness or tingling)*°. The widely accepted
theory for the pathophysiology of MA is cortical spread depression, according to which
there is a spread of neuronal and glial depolarization across the cerebral cortex that
in turn activates trigeminal afferents, which alter the pain-sensitive meninges in an
inflammatory manner through central and peripheral reflex pathways to produce
migraine headaches®. Patients with MA have been associated with an increased risk
of cardiovascular diseases such as ischemic heart disease® and cardiac arrhythmias,
most commonly atrial fibrillation, which may lead to ischemic stroke or transient ischemic
attack (TIA)®.

Many studies have shown that migraine, especially migraine with aura, is associated
with patent foramen ovale (PFO), which is supported by the finding that closure of PFO
significantly reduces the frequency and severity of migraines in some individuals®.

A meta-analysis of case-control studies found that PFO is associated with a 3.4-fold
prevalence of migraine with aura and a 2.5-fold prevalence of migraine with or without
aura®. The QRISK risk calculator, which is used to predict 10-year cardiovascular disease,
was recently updated in 2018 as QRISK3. This updated algorithm now includes the
diagnosis of migraine including all the subtypes as a potential risk factor for
cardiovascular mortality for individuals 25 to 84 years of age. While developing
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and validating the QRISK3 predictor, it was found that migraine increased the risk of
cardiovascular events by 36 percent in females and 29 percent in males®.

Considering that migraine is associated with increased cardiovascular risks, in this
article, we will review the pathophysiology of migraine, its relation to cardiac arrhythmias
and PFO, as well as the diagnostic and treatment options available for both migraine
headaches and cardiac arrhythmias.

PATHOPHYSIOLOGY

Autonomic innervation plays an important role in maintaining heart rate, rhythm, and
contractility. The cardiac nervous system can be divided into intrinsic and extrinsic
components. The pacemaker cells and atrial stretch receptors of the heart comprise the
intrinsic component of the cardiac ANS, while the sympathetic and parasympathetic
components make up the extrinsic cardiac nervous system'®. Sympathetic innervation
begins with excitatory impulses sent from the rostral ventrolateral medulla neurons to
the anteromedial cell column of the T1-L2 spinal segments, where cardiac preganglionic
neurons are located. These preganglionic axon terminals project primarily to the stellate
and paravertebral ganglia, which comprise the main postganglionic sympathetic
supply®. Parasympathetic innervation of the heart originates in the nucleus ambiguus
and the dorsal motor nucleus of the vagus nerve in the brainstem (Figure 1). These
preganglionic neurons send axons that are carried by the vagus nerve and synapse in the
cardiac ganglia, where they release ACh, resulting in a decreased heart rate by decreasing
SA node and AV node conduction?°.

One of the main characteristics of migraine is dysfunction of the autonomic nervous
system (ANS)?'. As a result, migraine sufferers experience a wide range of symptoms,
including sinusitis-like symptoms such as nasal congestion, rhinorrhea, nausea, vomiting,
and cutaneous vasoconstriction?2. In patients with migraine, this reversible imbalance
in the autonomic innervation of the heart can lead to disturbances in cardiac physiology.
Cardiac arrhythmias can result from disturbances in the sympathetic and/or
parasympathetic systems of the ANS. Atrial fibrillation (AF) is assumed to result from
simultaneous stimulation of the sympathetic and parasympathetic nervous systems,
whereas ventricular fibrillation or ventricular tachycardia is thought to result from
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Figure 1. Autonomic innervation to the heart.
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enhanced sympathetic stimulation®3. Patients with migraine without risk factors for
coronary artery disease can have electrocardiographic alterations during a migraine
attack due to coronary vasospasm secondary to either increased activity of the
sympathetic nervous system or serotonin [sHT]1B/1D agonist drugs treatment of
migraine. This leads to ischemia distal to the spasmodic segment, which can result in
acquired prolongation of the QT interval, setting the stage for malignant arrhythmias?425.

The underlying pathophysiology of the association between Migraine and PFO is still
based on hypotheses and possible mechanisms, including microembolus-triggered
cortical spreading depression, the vasoactive substance hypothesis, genetic factors,
and impaired cerebral autoregulation. PFO may trigger cortical spreading depression by
allowing the passage of microemboli in the venous circulation into the arterial system.
Right-to-left shunting (RLS) through PFO leads to decreased blood oxygen saturation and
hypoxia, which increases the expression of plasminogen activator-1 and results in the
inhibition of fibrinolysis, thus increasing the possibility of microembolization. This can
result in hypoperfusion and brain injury, triggering cortical spreading depression that
may cause migraine attacks. The vasoactive substance hypothesis states that via PFO,
certain vasoactive substances such as serotonin, nitric oxide, endothelin, and kinin can
bypass the pulmonary circulation without being metabolized and pass directly through
the blood—brain barrier to cause migraine. Another hypothesis states that dysfunctional
autoregulation of intracranial microvessels may be involved and that genetic factors may
also play an important role2%27.

In one of the cohort studies conducted in the Danish population, it was found that
migraine with visual aura was associated with an increased risk of AF compared to
no headache (hazard ratio 1.30, 95% confidence interval 1.03—1.62) as well as when
compared to migraine without visual aura (hazard ratio 1.39, 95% confidence interval
1.05-1.83)?%. Similar results were found in another cohort study, Atherosclerosis Risk in
Communities. After adjustment for multiple confounders, migraine with visual aura was
associated with increased risk of AF compared to no headache (hazard ratio 1.30, 95%
confidence interval 1.03—1.62) and migraine without visual aura (hazard ratio 1.39, 95%
confidence interval 1.05-1.83)%3.

Certain electrocardiographic (ECG) changes have been found to be predictors of
arrhythmia in patients with migraine. Corrected QT interval (QTc) dispersion has been
suggested as an electrocardiographic index that reflects the physiological variability of
regional ventricular repolarization. In a study by Duru et al,, higher QT interval parameters
(QTc interval, maximum and minimum QT duration, and QTc dispersion) and P-wave
dispersion on ECG monitoring were found during migraine attacks than during pain-
free periods. QT dispersion was defined as the difference between the longest QT
interval (QTmax) and shortest QT interval (QTmin) and P-wave dispersion, defined as the
difference between the maximum P-wave duration and the minimum P-wave duration®.
Changes in T-waves have also been studied as predictors of ventricular arrhythmias,
and in a cross-sectional, observational study, T-wave peak-to-end (Tp-e) interval and
Tp-e/QT ratio were significantly increased during migraine attacks compared with those
during attack-free periods and can be used to predict ventricular tachyarrhythmias and
cardiovascular mortality?>. As these patients have an increased risk of cardiovascular
morbidity and mortality, timely diagnosis and treatment are important.

DIAGNOSIS AND TREATMENT

Migraine with aura is a clinical diagnosis. As per the International Classification of
Headache 3 (ICHD 3) guidelines, diagnostic criteria involve at least two attacks with: one
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or more fully reversible aura symptoms of visual, sensory, speech, motor, brainstem, and
retinal in addition to at least three from the following list: at least one aura symptom
spreading gradually over »five minutes; two or more symptoms occurring in succession;
each aura symptom lasting 5—60 min; at least one aura symptom being unilateral; at
least one aura symptom being positive; aura accompanied, or followed within 60 min,
by headache3°.

The acute treatment depends on the severity of the attacks. For mild to moderate
attacks, defined as episodes of migraine with no associated functional limitation,
nonsteroidal anti-inflammatory drugs (NSAIDS) such as Ibuprofen, Naproxen, and
acetaminophen3* are first-line agents as they are effective and inexpensive. For moderate
to severe attacks (i.e., limiting work, social, or family activities) and in patients in whom
NSAIDS have failed in the past, triptans (sumatriptan and rizatriptan) or a combination of
triptans and naproxen are preferred32. As triptans are vasoconstrictors, they may increase
the risk of serious ischemic events in patients with underlying cardiovascular disease
(CV) orrisk factors for CV disease. Therefore, triptans are contraindicated in patients with
certain CV diseases, such as coronary artery disease, coronary artery vasospasm, and
peripheral artery disease33. If contraindications to triptans exist, newer agents, such as
calcitonin gene-related peptide (lasmiditan), are an alternative. In attacks lasting »72 h,
NSAIDS, such as ketorolac with intravenous fluids, can be used.

The associated aura symptoms of nausea and vomiting are managed with oral
antiemetics such as ondansetron. In severe cases of nausea/vomiting, when oral agents
cannot be used, subcutaneous sumatriptan and nasal sumatriptan are alternatives.
While acute migraine treatment mainly targets symptom relief after migraine has
begun, prophylactic therapy focuses on preventing migraine attacks. Patients with
recurrent migraine attacks usually begin prophylactic therapy. Chronic preventive
therapy includes beta-blockers (metoprolol, propranolol, and timolol), antidepressants
(venlafaxine and amitriptyline), and anticonvulsants (valproate and topiramate) and is
indicated in patients with frequent or long-standing migraine, diminished quality of life,
contraindications/failure of acute therapy, and adverse effects of acute therapy34.

Small molecule calcitonin gene-related peptide (CGRP) antagonists, also known
as “gepants” such as rimegepant35 and ubrogepant3®, have been used for acute
treatment of migraines in patients with cardiovascular history as these do not cause
vasospasm. CGRP monoclonal antibodies, such as fremanezumab3’, galcanezumah38,
and erenumab3?, have been recently approved by the FDA for migraine prevention.

Migraine with aura has been associated with cardiac arrhythmias, including atrial
fibrillation, sinus arrhythmia, atrial premature contraction, ventricular premature
contraction, increased QTc dispersion, p wave dispersion, sinus bradycardia, and
prolonged PR interval?2. Cardiac arrhythmias are diagnosed using a 12 lead ECG and
treatment depends on the type of arrhythmia. AF is a major cause of stroke in patients
with migraine with aura. A study by Gollion et al. reported that atrial fibrillation accounted
for 10.34% of stroke cases in migraine with aura patients“°. Thus, early diagnosis and
treatment are essential.

The core components of AF therapy include rate control and rhythm control if AF
remains symptomatic despite adequate rate control and anticoagulation therapy. Rate
control was achieved with beta blockers and calcium channel blockers. Rhythm control
is typically achieved using amiodarone“!. Anticoagulation is achieved with warfarin or
direct oral anticoagulants (DOACs), such as apixaban and rivaroxaban, based on the
CHADSVASC score. Anticoagulation is important for preventing stroke and other embolic
complications#?. DOACs and fondaparinox are preferred in patients with heparin-induced
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thrombocytopenia. Migraine is known to increase the risk of intracranial hemorrhage, and
the use of anticoagulants for AF can potentiate this risk4.

Asymptomatic individuals with atrial premature contractions do not need any therapy,
whereas symptomatic patients are counselled to avoid precipitants, such as alcohol
and caffeine. Persistent symptoms are treated with beta blockers or catheter ablation44.
For patients with premature ventricular contractions, risk factors and precipitants,
such as alcohol, caffeine, uncontrolled hypertension, and thyroid abnormalities, are
corrected. In high-risk patients, such as those with pre-existing cardiac structural or
conduction system disease, management with beta blockers, antiarrhythmics, or catheter
ablation is preferred4>4¢. Ventricular tachycardia (VT) management depends on the
patient’s hemodynamic status and whether the VT is sustained or non-sustained4’. For
hemodynamically stable patients, rate control with beta-blockers and calcium channel
blockers is the initial strategy, whereas rhythm control, particularly with amiodarone,
is performed if the symptoms are uncontrolled. In unstable patients, electrical
cardioversion/defibrillation is the initial step.

Numerous studies have shown that migraine with aura is associated with an increased
risk of ischemic stroke4®. One suggested hypothesis is migraine-induced autonomic
dysfunction, which can increase the risk of cardiac arrhythmias and subsequent ischemic
stroke. Prior studies have shown migraine with aura to be an independent risk factor for
new-onset AF3. Thus, screening patients for paroxysmal AF in patients with migraine with
aura might be reasonable to prevent stroke complications. Since there is no increased
risk of sudden cardiac death in migraine patients, guidelines for routine arrhythmia
screening are not defined, and more research is needed?*.

CONCLUSION

Migraine is a known risk factor for ischemic stroke, and its recent association with cardiac
arrhythmias and atrial fibrillation may provide a clearer picture of this association. People
suffering from migraine with aura are at a higher risk of developing atrial fibrillation

as compared than those without aura. Although a significant association has been
demonstrated, the underlying mechanisms remain unclear. Recently, the QRISK3
predictor has included migraine as a risk factor for overall cardiovascular diseases;
however, the United States of America has yet to adopt this new risk factor. It is vital to
remain vigilant and actively screen for atrial fibrillation in patients suffering from chronic
migraines, as it can substantially decrease the burden of thromboembolic stroke and
reduce the incidence of cerebrovascular events and mortality. Formal guidelines and
protocols are needed to achieve this, and more research is required to determine the
exact mechanism by which migraine leads to atrial fibrillation.

ABBREVIATIONS

Migraines with Aura (MA), Migraine Disability Assessment Scale (MIDAS), Transient
Ischemic Attack (TIA), Autonomic Nervous System (ANS), Atrial Fibrillation(AF),
Electrocardiogram (ECG), Corrected QT interval (QTc), T-wave peak-to end (Tp-e),
International Classification of Headache 3 (ICHD 3), Nonsteroidal Anti-Inflammatory Drugs
(NSAIDS), Calcitonin Gene-Related Peptide (CGRP), Direct oral anticoagulants (DOACs),
Ventricular tachycardias (VT).



Page 7 of 9
Valecha et al. GCSP 2023:20

AUTHOR STATEMENT

Conceptualization: Jayesh Valecha, Harshwardhan Khandait, Anagha SK, Vasu Gupta
Supervision: Rohit Jain, Dharti Dua

Writing - Original Draft Preparation: Jayesh Valecha, Harshwardhan Khandait, Anagha
SK, Vasu Gupta, Sunita Kumawat, FNU Anamika

Writing - Review & Editing: Sunita Kumawat, FNU Anamika, Rohit Jain, Dharti Dua

REFERENCES

[1] GBD 2016 Headache Collaborators. Global, regional, and national burden of migraine and tension-
type headache, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet
Neurology . 2018;17(11):954—976. doi: 10.1016/S1474-4422(18)30322-3.

[2] SteinerT), Stovner L, Jensen R, et al. Migraine remains second among the world’s causes of disability,
and first among young women: findings from GBD 2019. The Journal of Headache and Pain. 2020;21:137.
doi: 10.1186/510194-020-01208-0.

[3] Harris L, Lltalien G, Kumar A, et al. Real-world assessment of the relationship between migraine-
related disability and healthcare costs in the United States. Headache. 2022;62(4):473—481. doi:
10.1111/head.14289.

[4] Vetvik KG, MacGregor EA. Sex differences in the epidemiology, clinical features, and pathophysiology of
migraine. The Lancet. Neurology. 2017;16(1):76—87. doi: 10.1016/S1474-4422(16)30293-9.

[5] Sacco S, Ricci S, Degan D, Carolei A. Migraine in women: the role of hormones and their impact on
vascular diseases. The Journal of Headache and Pain. 2012;13(3):177-189. doi: 10.1007/510194-012-
0424-y.

[6] Sutherland HG, Albury CL, Griffiths LR. Advances in genetics of migraine. The Journal of Headache and
Pain. 2019;20:72. doi: 10.1186/510194-019-1017-9.

[71 Devoto M, Lozito A, Staffa G, D’Alessandro R, Sacquegna T, Romeo G. Segregation Analysis of Migraine
in 128 Families. Cephalalgia. 1986;6(2):101—105. doi: 10.1046/}.1468-2982.1986.0602101.X.

[8] de Vries B, Anttila V, Freilinger T, et al. Systematic re-evaluation of genes from candidate gene
association studies in migraine using a large genome-wide association data set. Cephalalgia.
2016;36(7):604—614. doi: 10.1177/0333102414566820.

[9] Pescador Ruschel MA, De Jesus O. Migraine Headache. [Updated 2022 Jul 6]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2022 Available from: https:/Awww.ncbi.nlm.nih.gov/books/
NBK560787/.

[10] Shankar Kikkeri N, Nagalli S. Migraine with Aura. [Updated 2022 Jul 5]. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2022 Available from: https:/www.ncbi.nlm.nih.gov/books/NBK554611/.

[11] Dalkara T, Nozari A, Moskowitz MA. Migraine aura pathophysiology: the role of blood vessels and
microembolisation. The Lancet. Neurology. 2010;9(3):309—317. doi: 10.1016/51474-4422(09)70358-8.

[12] Saeed A, Rana KF, Warriach ZI, Tarig MA, Malik BH. Association of Migraine and Ischemic Heart Disease:
A Review. Cureus. 2019;11(9):e5719. doi: 10.7759/cureus.5719.

[13] Sen Souvik, Michelle Androulakis X, Duda Viktoriya, et al. Migraine with visual aura is a risk
factor for incident atrial fibrillation: A cohort study. Neurology. 2018;91(24):e2202—e2210. doi:
10.1212/WNL.0000000000006650.

[14] LiuK, Wang BZ, Hao Y, Song S, Pan M. The Correlation Between Migraine and Patent Foramen Ovale.
Front Neurol. 2020;11.543485 doi: 10.3389/fneur.2020.54348s.

[15] Takagi Hisato, Umemoto Takuya. A meta-analysis of case-control studies of the association of migraine
and patent foramen ovale. Journal of Cardiology . 2016;67(6):493—503. doi: 10.1016/].jjcc.2015.09.016.

[16] Elgendy IY, Nadeau SE, Bairey Merz CN, et al. American College of Cardiology Cardiovascular Disease
in Women Committeet; American College of Cardiology Cardiovascular Disease in Women Committeef.
Migraine Headache: An Under-Appreciated Risk Factor for Cardiovascular Disease in Women. Journal of
the American Heart Association. 2019;8(22):€014546 doi: 10.1161/JAHA.119.014546.

[17] Hippisley-Cox J, Coupl C, Brindle P. Development and validation of QRISK3 risk prediction algorithms
to estimate future risk of cardiovascular disease: prospective cohort study. BM/. 2017;357:j2099. doi:
10.1136/bmj.j2099.

[18] Kapa Suraj, Venkatachalam KL, Asirvatham Samue J. The Autonomic Nervous System in Cardiac
Electrophysiology: An Elegant Interaction and Emerging Concepts. Cardiology in Review.
2010;18(6):275—284. doi: 10.1097/CRD.obo13e3181ebb152.

[19] Coote JH, Chauhan RA. The sympathetic innervation of the heart: Important new insights. Autonomic
Neuroscience: Basic and Clinical. 2016;199:17—23. doi: 10.1016/j.autneu.2016.08.014.

[20] Chadda KR, Ajijola OA, Vaseghi M, et al. Ageing, the autonomic nervous system and arrhythmia: From
brain to heart. Ageing Research Reviews. 2018;48:40—-50. doi: 10.1016/].ar1.2018.09.005.

[21] Melek IM, Seyfeli E, Duru M, et al. Autonomic dysfunction and cardiac repolarization abnormalities in
patients with migraine attacks. Medical Science Monitor. 2007;13(3):RA47-9.

[22] Aygun D, Altintop L, Doganay Z, et al. Electrocardiographic changes during migraine attacks. Headache.
2003;43(8):861-866. doi: 10.1046/].1526-4610.2003.03164.X.


https:/dx.doi.org/10.1016/S1474-4422(18)30322-3
https:/dx.doi.org/10.1186/s10194-020-01208-0
https:/dx.doi.org/10.1111/head.14289
https:/dx.doi.org/10.1016/S1474-4422(16)30293-9
https:/dx.doi.org/10.1007/s10194-012-0424-y
https:/dx.doi.org/10.1007/s10194-012-0424-y
https:/dx.doi.org/10.1186/s10194-019-1017-9
https:/dx.doi.org/10.1046/j.1468-2982.1986.0602101.x
https:/dx.doi.org/10.1177/0333102414566820
https:/dx.doi.org/10.1016/S1474-4422(09)70358-8
https:/dx.doi.org/10.7759/cureus.5719
https:/dx.doi.org/10.1212/WNL.0000000000006650
https:/dx.doi.org/10.3389/fneur.2020.543485
https:/dx.doi.org/10.1016/j.jjcc.2015.09.016
https:/dx.doi.org/10.1161/JAHA.119.014546
https:/dx.doi.org/10.1136/bmj.j2099
https:/dx.doi.org/10.1097/CRD.0b013e3181ebb152
https:/dx.doi.org/10.1016/j.autneu.2016.08.014
https:/dx.doi.org/10.1016/j.arr.2018.09.005
https:/dx.doi.org/10.1046/j.1526-4610.2003.03164.x

[27]

(43]

[44]

Page 8 of 9
Valecha et al. GCSP 2023:20

Franciosi S, Perry FKG, Roston TM, et al. The role of the autonomic nervous system in arrhythmias

and sudden cardiac death. Autonomic Neuroscience: Basic and Clinical. 2017;205:1-11. doi:
10.1016/j.autneu.2017.03.005.

Stillman M|, Tepper S, Tepper DE, Cho L. QT prolongation, Torsade de Pointes, myocardial ischemia from
coronary vasospasm, and headache medications. Part 1: review of serotonergic cardiac adverse events
with a triptan case. Headache. 2013;53(1):208-216. doi: 10.1111/].1526-4610.2012.02300.X Epub 2012
Dec 6. Erratum in: Headache. 53 (3) (2013) 579—580.

Oztiirk M, Turan OE, Karaman K, et al. Evaluation of ventricular repolarization parameters during
migraine attacks. journal of Electrocardiology . 2019;53:66—70. doi: 10.1016/].jelectrocard.2018.12.014.
Cao W, ShenY, Zhong J, et al. The Patent Foramen Ovale and Migraine: Associated Mechanisms and
Perspectives from MRI Evidence. Brain Sci.. 2022;12(7):941. doi: 10.3390/brainsci12070941.

Sevgi EB, Erdener SE, Demirci M, Topcuoglu MA, Dalkara T. Paradoxical air microembolism induces
cerebral bioelectrical abnormalities and occasionally headache in patent foramen ovale patients with
migraine. / Am Heart Assoc. 2012;1(6):€001735 doi: 10.1161/JAHA.112.001735.

Adelborg K, Szépligeti SK, Holland-Bill L, Ehrenstein V, Horvath-Puhé E, Henderson VW, Sgrensen HT.
Migraine and risk of cardiovascular diseases: Danish population based matched cohort study. BMJ.
2018;360:k96. doi: 10.1136/bmj.kgé.

Duru M, Melek I, Seyfeli E, et al. QTc dispersion and P-wave dispersion during migraine attacks.
Cephalalgia. 2006;26(6):672—677. doi: 10.1111/].1468-2982.2006.01081.X.

Headache Classification Committee of the International Headache Society (IHS). The International
Classification of Headache Disorders, 3rd edition. Cephalalgia. 2018;38(1):1—211.

doi: 10.1177/0333102417738202.

VanderPluym JH, Halker Singh RB, Urtecho M, et al. Acute Treatments for Episodic Migraine in Adults: A
Systematic Review and Meta-analysis. JAMA. 2021;325(23):2357—2369. doi: 10.1001/jama.2021.7939.
Taylor FR, Kaniecki RG. Symptomatic treatment of migraine: when to use NSAIDs, triptans, or opiates.
Current Treatment Options in Neurology . 2011;13(1):15—27. doi: 10.1007/511940-010-0107-4.

Dodick DW, Shewale AS, Lipton RB, Baum SJ, Marcus SC, Silberstein SD, Pavlovic JM, Bennett NL,
Young WB, Viswanathan HN, Doshi JA, Weintraub H. Migraine Patients With Cardiovascular Disease
and Contraindications: An Analysis of Real-World Claims Data. / Prim Care Community Health.
2020;11.2150132720963680 doi: 10.1177/2150132720963680.

American Headache Society. The American Headache Society Position Statement On Integrating New
Migraine Treatments Into Clinical Practice. Headache. 2019;59(1):1—18. doi: 10.1111/head.13456.

Croop R, Goadsby PJ, Stock DA, et al. Efficacy, safety, and tolerability of rimegepant orally disintegrating
tablet for the acute treatment of migraine: a randomised, phase 3, double-blind, placebo-controlled
trial. Lancet. 2019;394(10200):737-745. doi: 10.1016/50140-6736(19)31606-X.

Voss T, Lipton RB, Dodick DW, et al. A phase Ilb randomized, double-blind, placebo-controlled

trial of ubrogepant for the acute treatment of migraine. Cephalalgia. 2016;36(9):887-898. doi:
10.1177/0333102416653233.

Dodick DW, Silberstein SD, Bigal ME, et al. Effect of Fremanezumab Compared With Placebo for
Prevention of Episodic Migraine: A Randomized Clinical Trial. JAMA. 2018;319(19):1999—2008. doi:
10.1001/jama.2018.4853.

Stauffer VL, Dodick DW, Zhang Q, et al. Evaluation of Galcanezumab for the Prevention of Episodic
Migraine: The EVOLVE-1 Randomized Clinical Trial. JAMA Neurology. 2018;75(9):1080—1088. doi:
10.1001/jamaneurol.2018.1212.

Goadsby PJ, Reuter U, Hallstrém VY, et al. A Controlled Trial of Erenumab for Episodic Migraine. The New
England Journal of Medicine. 2017;377(22):2123—2132. doi: 10.1056/NEJM0a1705848.

Gollion C, Gazagnes J, Fabry V, et al. Atrial fibrillation and migraine with aura in young adults with
ischemic stroke. Cephalalgia. 2021;41(3):375-382. doi: 10.1177/0333102420970880.

January CT, Wann LS, Alpert JS, et al. ACC/AHA Task Force Members. 2014 AHA/ACC/HRS guideline for
the management of patients with atrial fibrillation: executive summary: a report of the American College
of Cardiology/American Heart Association Task Force on practice guidelines and the Heart Rhythm
Society. Circulation. 2014;130(23):2071—2104. doi: 10.1161/CIR.0000000000000040.

L6pez-Lopez JA, Sterne JAC, Thom HHZ, et al. Oral anticoagulants for prevention of stroke in atrial
fibrillation: systematic review, network meta-analysis, and cost effectiveness analysis. BMJ.
2017;359:j5058. doi: 10.1136/bmj.j5058.

Gaist D, Gonzalez-Pérez A, Ashina M, et al. Migraine and risk of hemorrhagic stroke: a study based on
data from general practice. The Journal of Headache and Pain. 2014;15(1):74. doi: 10.1186/1129-2377-15-
74-

Huang TC, Lee PT, Huang MS, et al. The Beneficial Effects of Beta Blockers on the Long-Term Prognosis
of Patients With Premature Atrial Complexes. Frontiers in Cardiovascular Medicine. 2022;9.806743 doi:
10.3389/fcvm.2022.806743.

Tang JKK, Andrade JG, Hawkins NM, et al. Effectiveness of medical therapy for treatment of idiopathic
frequent premature ventricular complexes. Journal of Cardiovascular Electrophysiology .
2021;32(8):2246-2253. doi: 10.1111/jce.15150.

Zhong L, Lee YH, Huang XM, et al. Relative efficacy of catheter ablation vs antiarrhythmic drugs

in treating premature ventricular contractions: a single-center retrospective study. Heart Rhythm.
2014;11(2):187-193. doi: 10.1016/j.hrthm.2013.10.033.


https:/dx.doi.org/10.1016/j.autneu.2017.03.005
https:/dx.doi.org/10.1111/j.1526-4610.2012.02300.x
https:/dx.doi.org/10.1016/j.jelectrocard.2018.12.014
https:/dx.doi.org/10.3390/brainsci12070941
https:/dx.doi.org/10.1161/JAHA.112.001735
https:/dx.doi.org/10.1136/bmj.k96
https:/dx.doi.org/10.1111/j.1468-2982.2006.01081.x
https:/dx.doi.org/10.1177/0333102417738202
https:/dx.doi.org/10.1001/jama.2021.7939
https:/dx.doi.org/10.1007/s11940-010-0107-4
https:/dx.doi.org/10.1177/2150132720963680
https:/dx.doi.org/10.1111/head.13456
https:/dx.doi.org/10.1016/S0140-6736(19)31606-X
https:/dx.doi.org/10.1177/0333102416653233
https:/dx.doi.org/10.1001/jama.2018.4853
https:/dx.doi.org/10.1001/jamaneurol.2018.1212
https:/dx.doi.org/10.1056/NEJMoa1705848
https:/dx.doi.org/10.1177/0333102420970880
https:/dx.doi.org/10.1161/CIR.0000000000000040
https:/dx.doi.org/10.1136/bmj.j5058
https:/dx.doi.org/10.1186/1129-2377-15-74
https:/dx.doi.org/10.1186/1129-2377-15-74
https:/dx.doi.org/10.3389/fcvm.2022.806743
https:/dx.doi.org/10.1111/jce.15150
https:/dx.doi.org/10.1016/j.hrthm.2013.10.033

Page 9 of 9
Valecha et al. GCSP 2023:20

[47] Pedersen CT, Kay GN, Kalman J, Borggrefe M, et al. EHRA/HRS/APHRS expert consensus on ventricular

arrhythmias. Europace. 2014;16(9):1257-1283. doi: 10.1093/europace/euu194.
[48] Schirks M, Rist PM, Bigal ME, et al. Migraine and cardiovascular disease: systematic review and meta-

analysis. BMJ. 2009;339:b3914. doi: 10.1136/bmj.b3914.


https:/dx.doi.org/10.1093/europace/euu194
https:/dx.doi.org/10.1136/bmj.b3914

