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Migraine has been known to afflict humankind since antiquity as an intense pulsatile painful neurological entity [1,2].
Migraine headache is currently the third most common disease with an estimated global prevalence of 15%, and,
is also ranked among the top ten debilitating diseases imparting substantial suffering to the family in addition to
the sufferer, being the fourth most burdensome disease in women according to the 2012 Global Burden of Disease
study that, in desperation, propels medication abuse, yet by general consensus its etiology remains uncertain [3–5].
Management of both episodic and chronic migraine has a massive escalating fiscal impact in developed countries,
as the poorly understood frequently refractory noncommunicable disorder(s) with a typical but only partially
defined genetic component [5–9] continues to challenge current human problem-solving capacity despite impressive
technological advances. Increasingly frequent multicenter often industry-specific bottom-line driven randomized
clinical trials (RCTs) in the face of incomplete scientific logic or commonsense add data into a profusely confused
perspective [10–12]. Without a salient and robust pathophysiologic matrix, all therapies advocated at the tertiary-care
level are empirical cart-before-the-horse strategies poorly translated at the level of the general population, leading
to research frustration [12]. Precisely for the same reason, migraine has the broadest possible spectrum of potential
therapies, both pharmacological and nonpharmacological, including surgery. Although, by wide consensus, migraine
is regarded as a primary brain disorder [3–9,13–15], disruption of the blood–brain barrier (BBB) during attacks has
not been established [13], and, first-line hydrophilic preventive drugs that clearly influence the primary pathogenetic
processes(es) or ‘afferent limb’ of migraine aura-headache such as atenolol and nadolol [16–19] do not freely cross
BBB or influence occipital- or brainstem neuronal function [10]. Application of nitroglycerin ointment to skin of
fronto-temporal region precipitates headache in migraineurs without involving the CNS [20]. This unacknowledged
pharmacologic–clinical disconnect is being steadily widened by logic-challenging RCTs and meta-analyses, both
being commonly used to sustain assumptive but intrinsically weak pathogenetic theories and therapies through
mathematic extrapolations.

While there has been an exponential accumulation of data, opinion and reviews in migraine (and other primary
headache) literature, pathophysiologic certitude has proven elusive. Experiment, statistical sophistication and
extreme nosologic ‘splitting’ has left reflection and logic far behind data in evolution of migraine as a discipline,
while observation – never itself completely objective – has no scaffolding to be arranged into a meaningful
matrix. Interpretation of the biologic significance of a large, fragmented, disconnected, burgeoning but disparate
and often controversial body of data encompassing recorded peripheral and central changes in the laboratory
including neuroimaging remains unresolved [10–12]. Biology of migraine is not synonymous with ‘laboratory’ or
‘nonenvironmental’ but is the elucidation of the concatenation of physiologic forces that push or pull the migraine
patient towards either the aura/headache phase or the aura/headache-free state [11]. While perceived psychophysical
stress as well as occurrence of reactive oxygen species stress is both ubiquitous and nonspecific, migraine affects
approximately only up to a fifth of humankind, with an apparently inexhaustible adaptive cranial/brain intrinsic
noradrenergic-serotonergic-vasopressinergic mechanism keeping the majority of the human cohort free from the
disorder [11,21]. Conversely, despite a nebulous clinical and scientific landscape, some researchers believe that
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understanding of migraine pathophysiology is advancing rapidly [14,15]. Supporting evidence for such enthusiastic
belief for an imminent breakthrough, is, however, conspicuously absent.

The chance discovery of cortical spreading depression (CSD) in experimental animals by Leão (1944) [22], the
presumed cortical origin of personal experience of scintillating scotomata (SS) without headache attacks by Lashley
(1941) [23] and the assumed linkage between these two sets of cross-species events by Milner (1958) [24], set stage for
a prolonged philosophic commitment by leading researchers to CSD as the neural/neurologic domain of migraine
well into the 21st century [25]. How CSD or any other form of ‘self-cycling’ visual cortical ‘hyperexcitability’ or brain
neuronal ‘hypersynchronization’ or ‘oscillation’ [26,27] might spontaneously arise and cease (‘start-stop’ cycle de novo
or per se) in the first instance to generate characteristically self-limited (4–72 hours) periodic and protean lateralizing
headache (with varied frequency and periodicity, severity, duration, gender predisposition (F:M::3:1), characteristic
remission and precipitation) and varied associated symptoms (including autonomic and nonautonomic features)
while involving only a distinct part of the ophthalmic trigeminal nerve – mainly the temples and the periocular
regions – is a significant, most likely, absolute impediment to such theories [10–12]. Amitriptyline, the second most
commonly prescribed drug for migraine prevention at tertiary-care headache centers is unarguably a serotonin
agonist that effects the serotonin syndrome – a pharmacologic absolute. Propagators of hypotheses, however, are
never wrong [28]. Old theories, therefore, never die. In every generation, assumptions and myths are reconstituted in
the prevalent or emerging hues. For example, the hypothesis of ‘malfunctioning ion channels’ proposed to modulate
pain circuits was revived by discovery of mutations in the potassium channel – TWIK-related spinal cord potassium
(TRESK) channel recently linked with inherited migraine – as well as several other molecular mechanisms – but with
the basic pathophysiologic mechanisms still remaining poorly understood, little headway was made [29]. Another
momentous but equally serendipitous event in migraine research six decades ago was the discovery of the preventive
role of beta-blocker drugs without intrinsic sympathomimetic action [30,31], placing the generally accepted adaptive
function of the autonomic nervous system (ANS) into uncertain pathogenetic complexities. Next, the impressive
saga of the biochemistry of migraine started the neurotransmitter bandwagon with measurements of serotonin (5-
HT) and its metabolite 5-hydroxyindoleacetic acid also in the 1960s. Exhaustive studies of 5-HT receptor subtypes
and PET imaging linked-metabolomics did not, however, yield the much-expected biologic or pathophysiologic
dividend, but the migraine headache abortive agent triptan did gain center stage [5]. The bio-behavioral model
of migraine, a complex assumption widely quoted in the late 20th century primary headache research, emerged
two decades later [32], placing counter-intuitive and counter-adaptive emphasis on aberration of the intrinsic brain
noradrenergic function, a belief that failed to gain traction [10,11].

Early in the 21st century, PFO-closure for prevention of migraine – again a chance-spun exercise with poor
pathogenetic and therapeutic logic – captured the imagination of a wide divide of scientists as a high-profile
but controversial interventional management strategy, and, gained momentum through a combination of intense
lobbying from the Amplatzer PFO-closure device manufacturer and a fervent hope-hype froth that enveloped trialists
at a time during which device(s) began to determine the science of migraine rather than the converse [12]. PFO-closure
for migraine has become the therapeutic equivalent of CSD [10–12], with calcitonin-gene-related peptide (CGRP)-
antibodies running neck-to-neck (see below). Since migraine attacks are predictable (menstrual) or unpredictable
but discrete events over a lifetime, the paradoxical embolism across the interatrial septal defect is imaginatively
expected by proponents of PFO-closure, to repetitively unveil itself during a precisely timed right-atrial twin-event
involving passage of platelet-serotonin-linked thrombo-embolus across the defect into the systemic circulation in
consonance with a rapid elevation of the right atrial pressure to enable the passage from the low-pressure right
atrium into the higher-pressure left atrium; it is, then, further envisioned that an entirely imaginary idiosyncratic
rheologic pathway will allow it to lodge in the same precise segment of the cerebrovascular circulation to generate
recurrent stereotypic but distinct aura-headache attacks. The presumed migraine-generating thromboembolic plug
is several thousand times (or more) heavier than air bubbles used to establish the diagnosis of PFO, and, far less
susceptible gravitationally and rheologically to pass across a PFO. What prevents the presumed thromboembolic
plug from entering and obstructing the pulmonary circulation and generating infarcts and secondary pulmonary
hypertension? Not only must the thromboembolic plug hover over the PFO to exclusively generate well-timed
periodic migraine attacks, it must be ushered deftly and recurrently into a particular part of the cerebrovascular
circulation over decades! Atrial fibrillation management [33] and noninvasive vagal nerve stimulation [34] have now
joined the device-determined (un)scientific race to the finish.

Since the science of migraine has evolved by chance, all therapeutic options and claims, including triptans, PFO-
closure and CGRP-monoclonal antibodies, and the pathophysiologic extrapolations therefrom remain empirical
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and uncertain [10–12,33–35]. Does it make sense to diffusely and bilaterally block cranial-CGRP release or effect, long
term for months on end (and even years or decades), for a phasic/intermittent lateralizing primary headache in a
sizable segment of the human population? With the advent of monoclonal antibodies in migraine management, it
is inevitable to reflect whether we are simplistically treating an infective disorder. The brain is kept in homeostasis
by a vast interconnected network of influences that work in synergy (either in concert or in dissonance) [35].
Immediately after administration of any agent, drug or pharmaceutical, or release of any biological substance
within the body/brain, another set of counter-regulatory chemicals will be released under neuro-endocrine and
ANS control. All neuropeptides reflect neuronal function, not the other way around. Neuropeptides are neuronal
messengers operating at the surface [11,35]. Simply because neuropeptides are measurable in the laboratory does not
mean that neuronal truths have been unraveled. Similarly, brain magnesium depletion is central to several migraine
pathogenetic hypotheses, but hypomagnesemia is very common among hospitalized patients, and, exogenously
administered magnesium does not freely cross BBB [10,11]. Whereas biochemistry and genetics of migraine appear
far more advanced, they are in essence rudderless as there is no inkling about the cranial tissue that lends to migraine
its eponymous pathognomonic feature, that is, lateralization of headache (unilateral, bilateral, side-shifting, or fixed).

Most leading researchers concede large gaps in the ‘theory’ of CSD and in other brain-centric hypotheses with
the assumed in vogue but unsustainable ‘self-cycling’ concept [26,27], but simultaneously point to incredible and
prodigious futuristic progress over the last 100 years, while some other more enthusiastic investigators outline
an imminent concept of cure for migraine [36]. Such contrasting viewpoints are, however, unsustainable together.
There is nothing intrinsically improper with serendipity in science as long as the chance-principle is knitted back
into the theoretic and therapeutic mainstream matrix. Despite a series of chance discoveries, such an evolutionary
synthesis has not been generated for migraine pathophysiology in the last 100 years.

Fundamentally, what makes the brain in migraine patients intermittently either more or less susceptible to the
presumed attack-provoking CSD remains unknown [6,37]. The lateralizing principle of migraine does not become
apparent from an in-depth study of characteristic headache triggering or remitting stimuli as well as any systemic or
diffuse cranial influence including meningeal involvement. More importantly, migraine headache-triggering factors
are neither quantified (or quantifiable) nor consistent in their pathogenetic effect. Next, a variable but remarkable
cumulative or barrage effect in precipitation of migraine headaches exists. Finally, once a migraine-headache attack
is initiated, the characteristic triggering factors appear to lose their pathogenetic cranial nociceptive potential.
A pathophysiologic system that is responsive to but lies within as well as outside known physiological effects
of migraine triggers, and, has a degree of intrinsic ANS protection likely underlies the disorder [11]. The single
most important factor in the quest for understanding migraine pathophysiology is delineation of the physiological
mechanisms that underlie poststress migraine. The ANS is the single most important factor in grasping the basis
of adaptive mechanisms that offer variable and exhaustible but definitive protection to the migraine patient during
psychophysical stress [11]. Since nausea/vomiting commonly aborts migraine headache, a hyperfocus on vasopressin
is the single most important factor to understand the basis of psychophysical stress handling by migraine patients [21].

A widening gap, at the research level, between SS of migraine, considered the only truly pathognomonic
feature of migraine, and, the flood of data/opinion regarding PFO-closure, botulinum toxin administration,
noninvasive vagal nerve stimulation, CGRP-antagonist therapies for headache management appears to be devel-
oping [10–12,33–35]. SS of migraine are not distributed homonymously and do not expand into the nasal visual
fields [38]. Typical paracentral horse-shoe-shaped expanding positive SS and typical migraine headache and are not
reported after enucleation of one or both eyes [39–42]. Sightlessness markedly attenuates migrainous SS as well as
photophobia [43]. The eye has a fascinating relatively unexplored neuroanatomically consistent role in migraine
pathophysiology with a significant degree of ANS protection during psychophysical stress, distinct from the pre-
vailing neuronal/vascular/neurovascular hypotheses for migraine [44]. Presence of the eye is essential to manifest
typical to pathognomonic clinical features of migraine.

Every research question has a different approach. True progress in science requires the ability to grapple with
the immeasurable, the daring to view phenomenology differently, to give birth to and maintain a disquieting but
penetrating dys-synchrony, to confront and not be overawed by history or consensus, to sustain searing self-criticism,
and to carry curiosity and imagination to a defensible and generalizable conclusion.

future science group 10.2217/fnl-2019-0003



Commentary Gupta

Financial & competing interests disclosure

The author has no relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial

conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria, stock

ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

Open access

This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a

copy of this license, visit: http://creativecommons.org/licenses/by-nc-nd/4.0/

References
1. Alvarez WC. Notes on the history of migraine. Headache 2, 209–213 (1963).

2. Pearce JMS. Historical aspects of migraine. J. Neurol. Neurosurg. Psychiatry 49, 1097–1103 (1986).

3. Vos T, Flaxman AD, Naghavi M et al. Year lived with disability (YLDs) for 110 sequelae of 289 diseases and injuries: a systematic
analysis for the global burden of disease study. Lancet 380(989), 2163–2196 (2010).

4. Leonardi M, Raggi A. Burden of migraine: international perspectives. Neurol. Sci. 34(Suppl. 1), S117–S118 (2013).

5. Gasparini CF, Smith RA, Griffiths LR. Genetic and biochemical changes of the serotonergic system in migraine pathobiology. J.
Headache Pain 18, 20 (2017).

6. Cozzolino O, Marchese M, Trovato F et al. Understanding spreading depression from headache to sudden unexpected death. Front.
Neurol. 9, 19 (2018).

7. Raval AD, Shah A. National trends in direct health care expenditures among US adults with migraine: 2004 to 2013. J. Pain 18, 96–107
(2017).

8. Ford JH, Jackson J, Milligan G et al. A real-world analysis of migraine: a cross-sectional study of disease burden and treatment patterns.
Headache 57(10), 1532–1544 (2017).

9. Sutherland HG, Griffiths LR. Genetics of migraine: insights into the molecular basis of migraine disorders. Headache 57(4), 537–569
(2017).

10. Gupta VK. CSD, BBB and MMP-9 elevations: animal experiments versus clinical phenomena in migraine. Expert Rev. Neurother. 9(11),
1595–614 (2009).

11. Gupta VK. Adaptive Mechanisms in Migraine. A Comprehensive Synthesis In Evolution. Breaking the Migraine Code. Nova Science
Publishers, NY, USA (2009).

12. Gupta VK. Patent foramen ovale closure and migraine: science and sensibility. Expert Rev. Neurother. 10(9), 1409–1422 (2010).

13. Hougaard A, Amin FM, Christensen CE et al. Increased brainstem perfusion, but no blood–brain barrier disruption, during attacks of
migraine with aura. Brain 140(6), 1633–1642 (2017).

14. Charles A. The pathophysiology of migraine: implications for clinical management. Lancet Neurol. 17(2), 174–182 (2018).

15. Dodick DW. Migraine. Lancet 391(10127), 1315–1330 (2018).

16. Stensrud P, Sjaastad O. Comparative trial of Tenormin (atenolol) and Inderal (propranolol) in migraine. Headache 20(4), 204–207
(1980).

17. Forssman B, Lindblad CJ, Zbornikova V. Atenolol for migraine prophylaxis. Headache 23(4), 188–190 (1983).

18. Johannsson V, Nilsson LR, Widelius T et al. Atenolol in migraine prophylaxis: a double-blind cross-over multicentre study.
Headache 27(7), 372–374 (1987).

19. Ryan RE Sr, Ryan RE Jr, Sudilovsky A. Nadolol: its use in the prophylactic treatment of migraine. Headache 23(1), 26–31 (1983).

20. Bonuso S, Marano E, di Stasio E et al. Source of pain and primitive dysfunction in migraine: an identical site? J. Neurol. Neurosurg.
Psychiatry. 52(12), 1351–1354 (1989).

21. Gupta VK. A clinical review of the adaptive potential of vasopressin in migraine. Cephalalgia 17(5), 561–569 (1997).

22. Leão AAP. Spreading depression of activity in cerebral cortex. J. Neurophysiol. 7, 359–390 (1944).

23. Lashley KS. Patterns of cerebral integration indicated by the scotomas of migraine. Arch. Neurol. Psychiatry. 46, 331–339 (1941).

24. Milner PM. Note on a possible correspondence between the scotomas of migraine and spreading depression of Leão. Electroencephalogr.
Clin. Neurophysiol. (Suppl 10), 10, 705 (1958).

25. Hartings JA, Shuttleworth CW, Kirov SA et al. The continuum of spreading depolarizations in acute cortical lesion development:
examining Leão’s legacy. J. Cereb. Blood Flow Metab. 37, 1571–1594 (2017).

26. May A. Understanding migraine as a cycling brain syndrome: reviewing the evidence from functional imaging. Neurol. Sci. 38(Suppl 1),
125–130 (2017).

10.2217/fnl-2019-0003 Future Neurol. (2019) FNL13 future science group

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.futuremedicine.com/action/showLinks?pmid=29523342&crossref=10.1016%2FS0140-6736%2818%2930478-1&citationId=p_15
https://www.futuremedicine.com/action/showLinks?pmid=14012408&crossref=10.1111%2Fj.1526-4610.1963.hed0204209.x&coi=1%3ASTN%3A280%3ADyaF383gsVegtQ%253D%253D&citationId=p_1
https://www.futuremedicine.com/action/showLinks?pmid=6131052&crossref=10.1111%2Fj.1526-4610.1983.hed2301026.x&citationId=p_19
https://www.futuremedicine.com/action/showLinks?pmid=28194570&crossref=10.1186%2Fs10194-016-0711-0&citationId=p_5
https://www.futuremedicine.com/action/showLinks?crossref=10.1001%2Farchneurpsyc.1941.02280200137007&citationId=p_23
https://www.futuremedicine.com/action/showLinks?pmid=20819012&crossref=10.1586%2Fern.10.125&citationId=p_12
https://www.futuremedicine.com/action/showLinks?pmid=28271496&crossref=10.1111%2Fhead.13053&citationId=p_9
https://www.futuremedicine.com/action/showLinks?pmid=6993420&crossref=10.1111%2Fj.1526-4610.1980.h2004006.x&coi=1%3ASTN%3A280%3ADyaL3c3islamtw%253D%253D&citationId=p_16
https://www.futuremedicine.com/action/showLinks?pmid=2515254&crossref=10.1136%2Fjnnp.52.12.1351&coi=1%3ASTN%3A280%3ADyaK3c7jt1OhsQ%253D%253D&citationId=p_20
https://www.futuremedicine.com/action/showLinks?pmid=3537212&crossref=10.1136%2Fjnnp.49.10.1097&coi=1%3ASTN%3A280%3ADyaL2s%252FlvFyqsg%253D%253D&citationId=p_2
https://www.futuremedicine.com/action/showLinks?pmid=29449828&crossref=10.3389%2Ffneur.2018.00019&citationId=p_6
https://www.futuremedicine.com/action/showLinks?pmid=28430860&crossref=10.1093%2Fbrain%2Fawx089&citationId=p_13
https://www.futuremedicine.com/action/showLinks?pmid=6350226&crossref=10.1111%2Fj.1526-4610.1983.hed2304188.x&coi=1%3ASTN%3A280%3ADyaL3s3ptVWjsQ%253D%253D&citationId=p_17
https://www.futuremedicine.com/action/showLinks?pmid=9251870&crossref=10.1046%2Fj.1468-2982.1997.1705561.x&coi=1%3ASTN%3A280%3ADyaK2szpsFOksg%253D%253D&citationId=p_21
https://www.futuremedicine.com/action/showLinks?pmid=19903020&crossref=10.1586%2Fern.09.103&coi=1%3ACAS%3A528%3ADC%252BD1MXhsVWhu7rL&citationId=p_10
https://www.futuremedicine.com/action/showLinks?pmid=27328690&crossref=10.1177%2F0271678X16654495&citationId=p_25
https://www.futuremedicine.com/action/showLinks?pmid=27789258&crossref=10.1016%2Fj.jpain.2016.10.005&citationId=p_7
https://www.futuremedicine.com/action/showLinks?pmid=29229375&crossref=10.1016%2FS1474-4422%2817%2930435-0&coi=1%3ACAS%3A528%3ADC%252BC2sXhvFKht7rE&citationId=p_14
https://www.futuremedicine.com/action/showLinks?pmid=3308768&crossref=10.1111%2Fj.1526-4610.1987.hed2707372.x&coi=1%3ASTN%3A280%3ADyaL1c%252Fgs1Oktg%253D%253D&citationId=p_18
https://www.futuremedicine.com/action/showLinks?crossref=10.1152%2Fjn.1944.7.6.359&citationId=p_22
https://www.futuremedicine.com/action/showLinks?pmid=23695058&crossref=10.1007%2Fs10072-013-1387-8&citationId=p_4
https://www.futuremedicine.com/action/showLinks?crossref=10.1007%2Fs10072-017-2866-0&citationId=p_26
https://www.futuremedicine.com/action/showLinks?pmid=28984356&crossref=10.1111%2Fhead.13202&citationId=p_8


Pathophysiology of migraine: an increasingly complex narrative to 2020 Commentary

27. Goadsby PJ, Holland PR, Martins-Oliveira M et al. Pathophysiology of migraine: a disorder of sensory processing. Physiol. Rev. 97,
533–622 (2017).

28. Editorial. On the falsification of ideas. Lancet 340, 344–345 (1992).

29. Yan J, Dussor G. Ion channels and migraine. Headache. 54(4), 619–639 (2014).

30. Rabkin R, Stables DP, Levin NW et al. The prophylactic value of propranolol in angina pectoris. Am. J. Cardiol. 18, 370–383 (1966).

31. Weerasuriya K, Patel L, Turner P. β-adrenoceptor blockade and migraine. Cephalalgia 2, 334–345 (1982).

32. Welch KMA. Migraine. A biobehavioral disorder. Arch. Neurol. 44, 323–327 (1987).

33. Gupta VK. Reader response: “Migraine with visual aura is a risk factor for incident atrial fibrillation: a cohort study”. Neurology (2018).
http://n.neurology.org/content/reader-response-migraine-visual-aura-risk-factor-incident-atrial-f ibrillation)

34. Gupta VK. Noninvasive vagal nerve stimulation: a new dimension of empiricism. Neurology (2018).
http://n.neurology.org/content/noninvasive-vagal-nerve-stimulation-new-dimension-empiricism

35. Gupta VK. Calcitonin-gene related peptide antagonism to prevent migraine: hope, hype, and
hokum. Neurology (2017). http://n.neurology.org/content/89/12/1237.long#comments

36. Tasorelli C, De Icco R. Getting closer to a cure for migraine. Nat. Rev. Neurol. doi:10.1038/s41582-019-0134-z (2019) (Epub ahead of
print).

37. Borgdorff P. Arguments against the role of cortical spreading depression in migraine. Neurol. Res. 40, 173–181 (2018).

38. Hupp SL, Kline LB, Corbett JJ. Visual disturbances in migraine. Surv. Ophthalmol. 33, 221–236 (1989).

39. Peatfield RC, Rose FC. Migrainous visual symptoms in a woman without eyes. Arch. Neurol. 38, 466 (1981).

40. Nicolodi M, Frezzotti R, Diadori A et al. Phantom eye: features and prevalence. The predisposing role of headache. Cephalalgia 17,
501–504 (1997).

41. Sörös P, Vo O, Husstedt I-W et al. Phantom eye syndrome. Its prevalence, phenomenology, and putative mechanisms. Neurology 60,
1542–1543 (2003).

42. Noseda R, Kainz V, Jakubowski M et al. A neural mechanism for exacerbation of headache by light. Nat. Neurosci. 13, 239–245 (2010).
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