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Abstract
Besides representing the place where a migraine attack generates, what is the physiological role of peptidergic control of arteri-
olar caliber within the trigemino-vascular system? Considering that the shared goal of most human CGRP-based neurosensory 
systems is the protection from an acute threat, especially if hypoxic, what is the end meaning of a migraine attack? In this paper, 
we have reviewed available evidence on the possible role of the trigemino-vascular system in maintaining cerebral perfusion 
pressure homeostasis, despite the large physiological fluctuations in intracranial pressure occurring in daily life activities. In 
this perspective, the migraine attack is presented as the response to a cerebral hypoxic threat consequent to a deranged intrac-
ranial pressure control aimed at generating a temporary withdrawal from the environment with limitation of physical activity, 
a condition required to promote the restoration of cerebral fluids dynamic balance.

Keywords  CGRP · PACAP · Idiopathic intracranial hypertension · Cerebral perfusion autoregulation · Migraine 
pathogenesis · Self-limiting venous collapse

Introduction

Research over the last few decades has identified and 
largely understood the crucial role of the trigemino-vas-
cular system (TVS) and the calcitonin gene-related pep-
tide (CGRP) in generating migraine pain [1]. However, 
some questions have not yet been answered satisfactorily.

1.	 The first question refers to the actual physiological signifi-
cance of the precise peptidergic control of the arteriolar 
caliber within the TVS. Besides representing the place where 
a migraine attack generates, what is the function of the TVS 
between attacks or in non-migraine sufferers? What are the 
physiological needs that require its presence, in addition to 
the rich biochemical and neuromediated orthosympathetic 
and parasympathetic regulation of the cerebral vascular dis-
tricts?

2.	 What is the pathophysiologic significance of the migraine 
attack? Nociceptive activation responds to a threat to the 

integrity of the organism or to its biological homeostasis, 
resulting from pathological dysfunctions or from the organ-
ism’s interaction with the changing environment [2]. Today 
we look at pain not only as a conscious sensation, useful 
for localizing the stimulus and identifying its nature, but 
also as a starting point for triggering a much more complex 
response that implies a cognitive and affective processing 
of incoming inputs and the activation of specific behaviors 
aimed at avoiding the threat or generating the best condi-
tions to recover from the perturbed biological homeostasis 
[3, 4]. This justifies complexity and richness of the cortical 
and subcortical areas involved in the central processing of 
pain included in the so-called pain matrix, in turn integrated 
into the “vegetative brain” which oversees these functions, 
represented in the limbic system [5]. In keep with this, the 
withdrawal from any activity and the avoidance of sensorial 
stimuli and movement that characterize the migraine attack 
very closely recall the mammalian “sickness behavior,” 
typically evoked by unescapable visceral pain and aimed 
at promoting the temporary disengagement of the organism 
from the external environment [4, 6]. If we look at migraine 
pain as the trigger of a complex innate defensive response, 
such as sickness behavior, we need to ask ourselves what 
is the nature of the threat to which the migraine attack rep-
resents the more or less appropriate response.
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In this paper, we will try, speculatively, to answer the 
above two questions.

CGRP‑based neurosensory systems

The TVS is not the only CGRP-based neurosensory system. 
There are several other vegetative sensory systems that trig-
ger CGRP-dependent vasodilation in response to potential 
harm. The visceral neurosensorial afferent systems operate 
at enteric tube level and particularly in the gastric mucosa 
[7, 8]. Afferent sensitive spinal fibers, expressing the capsai-
cin transient receptor potential vanilloid-1 (TRPV-1), reach 
the gastric mucosa. Besides capsaicin, they are sensitive to 
hydrochloric acid, ethanol, bile salts, aspirin, indometha-
cin, and other potentially harmful factors. These fibers send 
extensions to the submucosal vascular network. When acti-
vated, they trigger CGRP and substance P (SP) release with 
subsequent increase in blood flow and vessels permeability 
of the mucosa, of defensive significance [7, 8]. The reflex 
vasodilation is responsible for a greater resistance of the 
gastric mucosa to a series of pathogens in subjects exposed 
for cultural reasons to a diet rich in capsaicin, probably due 
to a more frequent activation of this defensive reflex. The 
incidence of ulcer disease in the population of Singapore 
inversely correlates with the amount of chili intake [9]. A 
similar phenomenon also occurs in the skin, where a CGRP-
dependent vasodilation can occur as a result of various noci-
ceptive stimuli and contributes to the wound healing [10], 
as well as at the cardiac level, where CGRP shows direct 
anti-ischemic actions and is released as an emergency reac-
tion to an acute ischemia [11]. The relevance of CGRP as 
a response to ischemic conditions is also suggested by the 
known neoangiogenic properties of this peptide [12].

Beyond the CGRP: the pituitary adenylato cyclase 
activating polipeptide

The vasomotor peptides released by TVS and implicated in 
the pathogenesis of migraine include the pituitary adenylato 
cyclase activating polypeptide (PACAP) [13]. Exogenous 
administration of PACAP induces a typical migraine attack 
only in migraine patients [14], as observed for CGRP [15]. 
The involvement of PACAP in migraine mechanisms is not 
limited to vasodilation, but might include dural mast cell 
degranulation [16]. Moreover, PACAP promotes cortisol 
and cathecolamine secretion in response to stress [17] and 
modulates specific cellular functions involved in cellular 
resistance to anoxia and in inhibition of apoptosis, ultimately 
providing neuroprotection from hypoxia [18]. Anti-ischemic 
properties of PACAP can be observed not only in the nerv-
ous system but also in several other organs included the 

liver, small intestine, and kidney suggesting a general anti-
ischemic protective role of this peptide [18].

Thus, peptidergic neurosensory system activation repre-
sents at many levels the response to a potentially harmful 
threat. Their direct powerful vasodilatory action and indirect 
hypoxia protective effects suggest that reduced tissue perfu-
sion may be a shared trigger for their activation.

Is ischemia involved in migraine?

Migraine, especially with aura, is associated with increased 
cerebrovascular risk [19–21], occasionally with ischemic 
events [22] and with increased hypertensive risk [23]. 
Gliotic-like white matter lesions (WML) characterize the 
migraine brain in the youth and adult age groups with an 
estimated prevalence of 70% in vascular risk factor-free 
migraine patients aged < 50 years [24, 25]. There is grow-
ing evidence that deep WML express altered cerebral 
hemodynamic suggesting their hypoxic origin [24–26]. The 
hypothesis that a brief episode of cerebral hypoxia occurs 
in any migraine attack was advanced by Amery as early as 
1982 [27]. Prevalence of migraine, particularly with aura, 
is greatly increased in communities living at very high alti-
tude, thus in conditions of significant hypobaric hypoxia. 
In an epidemiological study on a male community living 
at 4300 m above sea level, migraine was present in 32% of 
subjects and aura was reported in the majority of the cases 
[28]. It has been shown that exposure of migraine subjects 
to normobaric hypoxia can trigger both the migraine attacks 
and the manifestations of the aura [29]. These findings have 
been replicated in a recent study [30] in which aura occurred 
for the first time under experimental hypoxic conditions also 
in two migraine without aura volunteers. These studies agree 
in considering hypoxia a powerful trigger of migraine attack 
with or without aura.

The striking similarities between migraine 
and Idiopathic intracranial hypertension 
headache

Migraine has numerous similarities with idiopathic 
intracranial hypertension headache with (IIH) or without 
papilledema (IIHWOP). It is known that the two conditions 
are completely indistinguishable on clinical basis, so that an 
IIHWOP is found between 10 and 86% of chronic migraine 
(CM) series [31–34]. They also share main risk factors (obe-
sity, female sex, sleep disorders) [35], some treatments such 
as topiramate [36] but also migraine-specific treatments as 
MAb anti-CGRP Receptor [37], suggesting the causative 
involvement of CGRP also in IIH/IIHWOP-related head-
ache. Finally, both conditions show a high prevalence of 
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significant dural sinus stenosis [38, 39], considered a neuro-
radiological marker of IIH/IIHWOP [40]. These similarities 
indicate a close pathogenetic link between CM and IIHWOP 
and that a derangement of intracranial pressure (ICp) control 
associated with dural sinus stenosis is probably a shared 
mechanism between the two. There is evidence that sinus 
stenosis-associated increased ICp is a very common condi-
tion in the general population, found in up to 11.1% of indi-
viduals without persistent headache or other symptoms or 
signs of IIH/IIHWOP [41]. Their prevalence raises to 44.8% 
in unselected chronic headache series [38] and up to 86% in 
chronic migraine cases with prospectively assessed refracto-
riness [33]. On this basis, it has been proposed [35] that an 
unacknowledged IIHWOP associated with sinus stenosis can 
occur almost asymptomatically in many individuals but that 
in subjects with a predisposition to migraine, it represents 
a powerful and modifiable [33, 34] risk factor for the pro-
gression and refractoriness of migraine [42]. IIHWOP was 
recently mentioned in a reference paper on chronic migraine 
risk factors [43].

IIH/IIHWOP is associated with profound cerebral fluid 
dynamics rearrangements such as redistribution of venous 
flow towards extracranial, epidural, and vertebral veins [44]; 
increase in resistivity [45, 46] and pulsatility indices [46]; 
arterial hypoperfusion [47]; and reduced cerebrovascular 
response to hypoxia [25] which resolve after treatment [19, 
46]. Could the impact of IIH on cerebral fluid dynamics 
imply a perfusion risk? Ideally, relocating the pathogenesis 
of migraine in the context of IIH/IIHWOP could allow us 
to attempt an answer to our initial questions. However, to 
illustrate the putative role played by TVS in the control of 
cerebral perfusion and to propose the possible finalistic sig-
nificance of the migraine attack, it is necessary to summarize 
some mechanisms involved in cerebral perfusion and CSF 
turnover dynamics which occur on the venous side of the 
cerebral circulation [48].

Cerebral perfusion and CSF turnover 
integrated dynamics

The cerebral perfusion dynamics and those that govern CSF 
turnover can mutually influence each other and require to be 
described in an integrated way [48].

Routes of CSF excretion

The dural sinus is not the only CSF exit route. The recently 
identified glymphatic system [49] and the CSF reabsorption 
occurring at cranial and spinal nerves levels significantly 
contribute to the overall interstitial fluid/CSF discharge [50]. 
Although quantitatively the reabsorption of CSF through the 
dural sinuses is no longer considered the more significant, the 

alternative CSF exit routes are probably easily saturable [51] 
and the glymphatic system may become inefficient in subjects 
with increased intracranial pressure [52]. On the contrary, the 
CSF discharge rate through arachnoid villi and granulations 
linearly correlates with the CSF/dural sinus transmural pres-
sure gradient, up to values ​that exceed the CSF production 
rate by several times [53]. Therefore, CSF discharge at dural 
sinus level may quickly counteract the physiologic intracra-
nial pressure peaks associated with posture and movement, 
a mechanism that prevents the overflow of accessory (glym-
phatic / spinal) CSF discharge routes, with also a crucial role 
in CSF volume and pressure stabilization [54].

Fluid dynamic constrains of cerebral perfusion 
physiology

The physiological balance of cerebral perfusion implies that 
the pressures of the intracranial fluids, while physiologically 
fluctuating, respect a rigid pressure hierarchy [55]. The arte-
riolar pressure entering the cerebral perfusion circuit (Ap) 
is always higher than the cortical veins pressure (CVp), this 
difference reflecting the cerebral perfusion pressure (Pp) 
on which the cerebral flow depends. In turn, the CVp is 
dynamically maintained always just above the intracranial 
pressure to prevent the large physiological fluctuations of 
the latter (due to postural changes or the Valsalva effect) 
from compressing the thin cortical veins, hindering the flow 
[56–58]. At the same time, the ICp always remains higher 
than the pressure in the dural sinuses (DSp), a condition 
required for the CSF discharge to remain adequate and bal-
anced with its own production [57–59]. This implies that a 
pressure drop must occur between the cortical vein and the 
dural sinus despite their physical continuity so that intrac-
ranial pressure is always maintained between the cortical 
veins pressure and the dural sinuses pressure. Actually, an 
abrupt venous pressure drop has been directly observed at 
the confluence between the bridge vein (BV) — i.e., the ter-
minal segment of cortical vein — and the dural sinus using 
a catheter passed in and out the venous confluence, in dog 
models [57, 60].

The pivotal role of bridge vein

The rigorous respect of these fluid-dynamic constraints 
(Ap > CVp > ICp > DSp) despite the large physiological 
fluctuations of the ICp is ensured by a fascinating mecha-
nism that occurs at BV level. The BV behaves like a “Star-
ling resistor” (SR), a fluid-dynamic construct that describes 
the flow in collapsible tubes immersed in a fluid at variable 
pressure [61]. Due to the SR properties of BV, its caliber 
reduces when the ICp increases, in proportion to the raised 
transmural pressure. The effect of BV narrowing is twofold: 
on the one hand, the pressure of the upstream cortical vein 
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is proportionally increased (Fig. 1), in real time and with 
high linear correlation with ICp (r = 0.98) [57, 58] beyond 
the value of the ICp so as to prevent its compression (that 
would reduce the blood flow). On the other hand, a sudden 
drop in dural sinus pressure is generated (“waterfall effect” 
[62]) (Fig. 1): once passed the BV, the blood pressure does 
not reflect anymore the cardiac vis a tergo [57, 60] reflect-
ing instead the right atrial pressure downstream, lower and 
more stable. The waterfall effect guarantees the maintenance 
of the correct CSF/dural sinus pressure gradient required 
for CSF absorption. The dual effect of the Starling resistor 
mechanism of the bridging veins therefore plays a crucial 
role in the balance between cerebral perfusion and CSF turn-
over dynamic, ensuring the respect of cerebral fluid pressure 
hierarchies and representing a point of mutual interaction 
and balance between blood and CSF circulations.

Rigidity of dural sinus and IIH/IIHWOP pathogenesis

These mechanisms presuppose the substantial rigidity of 
the dural sinuses, which is essential for the physiological 
fluctuations of the ICp (under Valsalva maneuver up to 470 
mmH2O [63]) not to be transmitted to the sinus, compromis-
ing the waterfall effect and consequently the CSF reabsorp-
tion rate. The rigidity of the dural sinuses is entrusted to 
their triangular section with one side firmly anchored to the 
bone (Fig. 2) but also to a documented greater mechanical 
resistance of the dura mater that lines the dural sinuses com-
pared to other areas, due to a greater density of collagen 1 
[64]. We have proposed that a reduced rigidity of dural sinus 
is causatively involved in IIH/IIHWOP mechanisms due to 
a “self-limiting venous collapse feedback loop” between the 
CSF pressure, which compresses the excessively compliant 
sinus, and the consequent rise in sinus pressure which, by 
reducing the CSF absorption, leads to an increase in the CSF 
volume and pressure with further sinus compression [65] 

(Fig. 3). The pathologic coupling of the intracranial pressure 
with the dural sinuses pressure has been directly observed 
in a recent human study on IIH patients [66]. The loop stops 
when the maximum venous compression is reached. Then, 
further CSF production can restore the transmural CSF/dural 
blood pressure required to balance CSF excretion with its 
production rate. A new equilibrium is thus achieved, at the 
price of higher and more unstable intracranial and dural 
sinus pressures [65].

The need for an arteriolar pressure compensation

The perfusion pressure (Pp) is the difference between the 
inlet and outlet pressure of the cerebral perfusion circuit 
but it is calculated as the differential between the mean arte-
rial pressure and the intracranial pressure due to the strict 
coupling of cortical vein pressure and ICp at bridge vein 
level, with the latter easier to monitor in clinical settings. 
The perfusion pressure is approximately 50–70 mmHg [67]. 
The cerebral blood flow remains proportional to Pp, which 
therefore must remain unchanged despite the continuous 

Fig. 1   The twofold effect of the bridge vein collapseunder raised ICp 
(white arrows): increase of cortical vein pressure upstream(black 
arrow a); decrease of thedural sinus pressure downstream (black 
arrow b) 

Fig. 2   Collapsibility of dural sinusis limited by their prismatic shape, 
with a side attached to the bone

Fig. 3   The Self-limiting Venous Collapse feedback loop
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physiological fluctuations of absolute values ​of the two 
pressures that determine it. The raise of the cortical vein 
pressure induced by the intracranial pressure increase pre-
vents the thin cortical vein wall from being compressed. 
However, this dynamic would reduce the cerebral perfusion 
pressure, and thus the blood flow, if it were not promptly 
compensated by a corresponding and almost simultaneous 
increase in arteriolar caliber, which keeps the perfusion pres-
sure unchanged. Convergent evidence indicates that arte-
riolar dilation occurs when intracranial pressure increases 
[56, 68–72]. In an important work on the baboon in which 
the pressures of the intracranial vascular districts were 
measured invasively, a sharp drop in arteriolar resistance 
was documented in response to the experimentally induced 
increase in intracranial pressure [56]. A significant dilation 
of the cortico-pial arterioles resulting from the experimental 
increase in ICp was directly observed in an animal study 
using cranial fenestration and videoangiometry techniques 
[68]. At ICp of 50 mmHg, the arteriolar caliber increased 
by 33 ± 3% in larger arterioles and by 42 ± 5.6% in smaller 
arterioles. Transcranial Doppler (TCD) studies performed 
during continuous intracranial pressure monitoring in sub-
jects with suspected normal pressure hydrocephalus [69] or 
in head injured patients [70] demonstrated that the blood 
velocity of middle cerebral artery (MCA) continuously fluc-
tuates along spontaneous B-waves strictly in phase with the 
ICp oscillations indicating that arterioles behind the MCA 
dilates along the B-wave [71]. Similar TCD periodic fluc-
tuations of MCA blood velocity have been documented in 
healthy subjects [72].

Indeed, a strict coupling of the intracranial pressure with 
the arteriolar caliber do exists and guaranties the constancy 
of the cerebral perfusion pressure despite the continuous 
physiological ICp fluctuations occurring in daily life. Is TVS 
involved in such a critical function?

The putative role of TVS in the dynamic 
coupling of the outlet pressure with the inlet 
pressure of the brain perfusional circuit

The TVS is distributed to both arterial and venous intrac-
ranial vessels primarily through the peripheral endings of 
the first branch of the Gasser ganglion. Although its patho-
physiological role in the genesis of the migraine attack has 
been studied mainly at the arterial level, we know since 
the pioneering studies by Ray and Wolff [73] that the site 
with the greatest sensitivity to pain is the dura that covers 
the venous sinuses. A recent postmortem human study on 
the superior sagittal sinus has shown that these districts are 
richly innervated by TVS fibers and that the main peptide 
released by these terminals is CGRP. Ruffini-like stretch-
ing receptors were also found especially at the level of the 

confluences of the BV with dural sinus, probably meaning 
that the external pressure-dependent dural stretching of the 
complex bridge vein-dural sinus may physiologically act as 
a sensor of the intracranial pressure and, indirectly, of the 
cortical vein pressure [74, 75]. On this basis, TVS could 
be involved in the control of cerebral perfusion with the 
crucial role of maintaining dynamically coupled the fluctu-
ating venous outlet pressure with the inlet arterial pressure, 
thus, to maintain a constant perfusion pressure despite the 
sudden increases in ICp due to postural changes or Valsalva 
effect. In line with this, the powerful vasodilating property 
and the short half-life of CGRP [76] and PACAP [77] seem 
adequate to generate a prompt fine-tuning of the arteriolar 
caliber. The mechanism could be biohumoral and take place 
through the release into the blood of vasodilating peptides. 
However, TVS could have among its physiological functions 
also the ICp monitoring and the neurally mediated compen-
satory modulation of the arteriolar tone. Under physiological 
conditions, this mechanism would not involve activation of 
nociception while it would ensure the maintenance of an 
adequate perfusion pressure in all circumstances required 
by the dynamic interaction between the organism and the 
environment. This function might be regarded as an ancient 
homeostatic process of brain perfusion probably contribut-
ing to the achievement of upright posture in primates.

The putative significance of the migraine 
attack

Following this perspective, in subjects with derangement 
of intracranial pressure control associated with collapsible 
dural sinus, a headache attack could signal the exceeding of 
a critical ICp threshold and expresses the risk of an immi-
nent impairment of cerebral perfusion due to the malfunc-
tion or to the exceeding of the TVS compensatory abilities. 
The painful attack would therefore respond to a hypoxic 
threat and would have the purpose of imposing disengage-
ment from the environment and the cessation of all physical 
activity (which is associated with fluctuations in the intrac-
ranial pressure) for a time sufficient to allow the stabiliza-
tion of intracranial pressure and cerebral perfusion. It is 
also conceivable that a top-down modulation of the TVS 
activation threshold under the control of limbic supraspinal 
structures projecting to trigeminal nucleus might promote 
the triggering of the attack even in the presence of ordinary 
trigemino-vascular sensory traffic [78]. Such a mechanism 
could allow the activation of a migraine attack by the limbic 
systems in response to other kind of threats to body homeo-
stasis which nonetheless require a similar temporary with-
drawal from the environment and daily activities. However, 
even in these cases, the mechanical stress of the vascular 
walls generated by the interactions between ICp changes 
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and venous discharge into dural sinus at the BV level would 
probably represent the main neurosensory input from which 
the cascade of events leading to the migraine attack moves.

Is migraine a primary or a secondary 
condition?

Intracranial pressure is unstable and tends to be higher in 
many individuals who share disturbances in intracranial 
venous discharge [41]. However, according to a large mul-
ticentric study, IIH may present without headache in 15.8% 
of cases and with non-classifiable headache in 7.2%, with 
tension-type or probable tension-type headache in 25.1% and 
with migraine or probable migraine (episodic or chronic) 
in 67.6% of the headache cases [79]. This “continuum” 
suggests that a primary predisposition to migraine pain is 
required for the increased intracranial pressure to produce 
the typical migraine manifestations, and also modulates fre-
quency and intensity of attacks. Headache-free IIH has been 
observed in subjects with no personal or family history of 
migraine or in the course of a migraine protective factor 
such as pregnancy [80]. The nature of this predisposition 
to migraine pain is probably multifactorial and polygenic 
and it can vary between different individuals and within the 
same individual over time. It could be linked to the mul-
tiple peculiarities of the “migraine brain” [81], to a lower 
allodynic threshold [82], might be modulated by estrogen 
fluctuations in female sex, and can explain the observation 
that the CGRP or PACAP induce a migraine attack only 
in migraine patients [14, 15]. In this perspective, migraine 
remains a “primary” disease that afflicts a minority of the 
individuals carrying a sinus stenosis-associated deranged 
intracranial pressure control, which also shares the ability to 
trigger a migraine attack at relatively low trigemino-vascular 
activation threshold.

Conclusions

The TVS is the most likely candidate for the role of main 
coordinator of the inlet and outlet pressures coupling of 
cerebral perfusion circuit. This function is crucial for the 
maintenance of the constancy of perfusion in response to 
the large fluctuations of the intracranial pressure that occur 
physiologically with postural changes or physical activities 
involving the Valsalva effect and that reflect on cortical vein 
pressure due to the SR properties of BV. In physiological 
conditions of perfusion, the TVS would not generate parox-
ysmal activations or abnormal release of CGRP, but would 
nevertheless always be active as evidenced by the detect-
able amount of alpha-CGRP in peripheral blood (even in 

non-migraineurs). In subjects with collapsing dural sinus, 
the amplitude of the ICp fluctuations can be very large. 
Upon exceeding an individual “alarm” threshold indicating 
an impending threat to the cerebral perfusion, a massive 
release of CGRP aimed to restoring an adequate Pp occurs, 
ultimately leading to the migraine attack in subjects also 
sharing a primary predisposition to migraine pain.
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