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Abstract

AIM: To clarify whether the vasoconstrictory response
is impaired and to study vascular function in patients
with migraine during the headache attack.

METHODS: We studied vascular reactivity in the re-
sistance arteries by using the forearm perfusion tech-
nique associated with plethysmography. We measured
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forearm blood flow by strain-gauge plethysmography
during intra-brachial infusion of acetylcholine, sodium
nitroprusside or norepinephrine in 11 controls and 13
patients with migraine, 11 of them (M) in the interval
between the migraine attacks and 4 during a headache
attack (MH). Written informed consent was obtained
from patients and healthy controls, and the study was
approved by the Ethics Committee of the University
Federico 1I.

RESULTS: Compared to healthy control subjects, in
patients with migraine studied during the interictal
period, the vasodilating effect of acetylcholine, that
acts through the stimulation of endothelial cells and
the release of nitric oxide, was markedly reduced, but
became normal during the headache attack (P < 0.05
by analysis of variance). The response to nitroprusside,
which directly relaxes vascular smooth muscle cells
(VSMCs), was depressed in patients with migraine stud-
ied during the interictal period, but normal during the
headache attack (P < 0.005). During norepinephrine
infusion, forearm blood flow decreased in control sub-
jects (-40% + 5%, P < 0.001). In contrast, in patients
with migraine, either when studied during or free of
the headache attack forearm blood flow did not change
compared to the baseline value (-3% %= 13% and
-10.4% £ 15%, P > 0.05).

CONCLUSION: In migrainers, the impaired relaxation
of VSMCs is restored during the headache attack. The
vasoconstrictory response is impaired and remains un-
changed during the migraine attack.

© 2013 Baishideng. All rights reserved.

Key words: Migraine; Nitric oxide; Endothelium; Vascu-
lar smooth muscle cells

Core tip: Patients with migraine without aura studied in
the interictal period are characterized by impaired abil-
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ity of vascular smooth muscle cells (VSMCs) to relax in
response to nitric oxide and to contract in response to
norepinephrine. We hypothesize that the two defects
compensate for each other and this provides for the
maintenance of normal vascular resistance and blood
pressure homeostasis. In contrast, during the headache
attack, the VSMCs regain their ability to respond to ni-
tric oxide, but remain unresponsive to norepinephrine.
Such differential effect of the migraine attack is not sur-
prising, given that nitric oxide and norepinephrine acti-
vate different intracellular signaling pathways in VSMCs.

Napoli R, Guardasole V, Zarra E, De Sena A, Sacca F, Ruvolo A,
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INTRODUCTION

Migraine is a widely common disease. Two thirds of
migraineurs suffer from migraine without aura, whereas
a third of patients present with migraine preceded by
aura. Migraine has been associated with an increased risk
of cardiovascular events, including myocardial infarc-
tion and ischemic stroke!"™. However, we have recently
demonstrated that patients with migraine without aura,
studied during the interictal period, do not present pe-
ripheral endothelial dysfunction, which is classically asso-
ciated with a worse cardiovascular risk profile, but rather
an abnormal relaxation of the vascular smooth muscle
cells (VSMCs), that results in impaired vasodilation'™”,
However, it is unclear whether the inability of VSMCs
to respond to vasodilators is an isolated abnormality or,
rather, reflects a more complex hemodynamic alteration,
also involving the vasoconstrictory component. Further-
more, the peripheral vascular function in patients with
migraine has been studied mainly during the interictal
period. Therefore, whether the abnormalities in vascular
function observed in patients with migraine are also pres-
ent during the headache attack is unknown. Elucidation
of the vascular response in patients with migraine both
free of and during the headache episode would be of
great importance to our understanding of the mecha-

nisms involved in the pathogenesis of the disease and to
better design appropriate therapeutic approaches.

MATERIALS AND METHODS

Patients

We studied 13 patients affected by migraine without
aura and eleven healthy subjects in whom migraine was
excluded, who served as controls (Table 1). The control
subjects (C group) were recruited from hospital and labo-

ratory personnel and were matched to the patients with
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Table 1 Baseline clinical characteristics of the subjects

studied (mean + SE)

Sex Age BMI SBP DBP HR
(male/ (yr) (kg/m*) (mmHg) (mmHg) (beats/min)
female)

Controls (n=11) 5/6 33+34 24+0.8 127+21 60+1.8 65%2
M (n=11) 4/7 34+19 24+1.1 125+33 6526 68%3
MH (n =4) 0/4 28+39 2409 115+42 60+18 68+2

The patients with migraine were studied during the interictal period (group
M) or the headache attack (group MH). BMI: Body mass index; SBP: Sys-
tolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate.

regard to age, body mass index and sex. The diagnosis
of migraine was made according to the criteria of the In-
ternational Headache Society™”. Subjects with hyperten-
sion, diabetes, high cholesterol, history of cardiovascular
events and cigarette smoking were excluded from the
study. None of the patients was taking any medication
except those to treat the migraine attack. On the day
of study, patients were either headache free for at least
five days (11 subjects, M group) ot wete experiencing a
headache attack that had started a few hours earlier (4 pa-
tients, MH group). These patients abstained from taking
any medication until the end of the study period. Two
patients underwent both studies (free of or during the
headache attack). Written informed consent was obtained
from patients and healthy controls, and the study was ap-
proved by the Ethics Committee of the University Fed-
erico II. This research received no specific grant from
any funding agency in the public, commercial, or not-for-
profit sectors.

Vascular reactivity

We studied vascular reactivity in the resistance arteries by
using the forearm perfusion technique associated with
plethysmography, as previously described™ ", Briefly,
a plastic cannula (20 G) was inserted into the brachial
artery of the nondominant arm under local anesthesia
and used for the infusion of the test substances and the
monitoring of arterial blood pressure and heart rate.
Forearm blood flow (FBF) was measured in both fore-
arms by strain gauge plethysmography, with a calibrated
mercury-in-silastic strain gauge applied around the fore-
arm and connected to a plethysmography (Hokanson 045
EC4, PMS. Instruments, Berks, United kingdom) associ-
ated with a McLab computer. Each subject underwent
the following step-wise infusions into the brachial artery:
(1) acetylcholine (Ach) to assess endothelial-mediated
vasodilation; and (2) sodium nitroprusside (NP), a nitric
oxide (NO) donor that directly stimulates VSMCs, to as-
sess non-endothelial-mediated vasodilation. At least half
an hour after the NP infusion and when baseline FBF
was restored, each subject received the infusion into the
brachial artery of norepinephrine (NE) at the rate of
280 pg/L per minute for 5.5 min to assess the vascular
response to sympathetic stimulation. This dose of NE
was chosen on the basis of our previous experiments that
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Figure 1 Forearm blood flow response to infusion of acetylcholine or sodium nitroprusside into the brachial artery in patients with migraine during or free
from headache, and control subjects. The patients with migraine were studied during the interictal period (group M) or the headache attack (group MH). Data (mean
+ SE) were analyzed by analysis of variance for repeated measures. P < 0.05 for the effect of migraine in the acetylcholine (Ach) test and P < 0.05 for the interaction
between migraine and Ach. P < 0.005 for the effect of migraine in the nitroprusside test and P < 0.05 for the interaction between migraine and nitroprusside.

showed a near half-maximal fall in FBE. The investiga-
tors making the measurements of vascular reactivity were
blind to the clinical status of the subjects undergoing the
experiments.

Calculations

Based on previously published data, we computed the
minimum sample size with respect to a two-tailed Stu-
dent # test, considering: (1) a difference for the slope of
the dose response curve to Ach to be detected between
controls and migrainers as § = 0.25 mL/(dL'min pg);
(2) a value of SD = 0.156 mL/(dL'min"ug); and (3) a
type I error probability = 0.05 and a power = 0.90. This
results in a minimum sample size of # = 9 subjects for
group. Since no data are available in the literature regard-
ing the response to norepinephrine of FBF in migrain-
ers, we decided to increase the number of subjects to be
recruited to 11 per group.

Statistical analysis

The differences in clinical and metabolic parameters
between the three study groups were analyzed by the
unpaired Student’s # test with Bonferroni correction for
multiple comparisons. Vascular reactivity data are ex-
pressed as absolute values of FBE Compatison between
migraine and control subjects was performed by a two-
way analysis of vatiance for repeated measures (General
Linear Model, version 13.0, SPSS Inc., Chicago, IL, Unit-
ed States) and Least Significant Difference test was used
for post hoc analysis. Comparison between baseline and
NE infusion data was performed by the paired Student’s 7
test. Results are expressed as mean * SE.

RESULTS

The baseline values of FBF were similar in the three
groups (Figure 1). Infusion of ACh, an endothelium-
dependent vasodilator, elicited a progtessive vasodilatory
response in all groups (P < 0.001). However, in patients
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with migraine studied during the interictal period, FBF re-
sponse was lower than that of control subjects (P < 0.05).
In contrast, patients studied during the headache attack
showed a more intense response to Ach infusion (P < 0.02
vs M; Figure 1). In response to the highest dose of Ach,
FBF rose to 19.6 + 3.1, 8.8 + 2.4, and 22.9 + 2.2 mL/dL
per minute in controls and migraine patients without or
with headache attack, respectively (P = 0.036 for M group
ss C and P < 0.02 »s MH). The response to ACh was also
analyzed using the slope of the dose-response curves. In
the patients with migraine without headache the average
slope was markedly less steep than in controls (0.11 & 0.05
and 0.31 £+ 0.05 mL/(dL'min'ug), respectively; P = 0.03).
In contrast, the slope of the dose response curve to Ach
in migraine patients during the headache attack was simi-
lar to controls (0.39 £ 0.04 mL/(dL'min‘ug), P < 0.02 ss M,
P=NS s C).

The dose-response curve to NP, an NO donor direct-
ly acting on VSMCs, is shown in Figure 1. As compared
with controls, patients with migraine without headache
showed a significantly lower response at all infusion rates
(P = 0.004 »s C). In contrast, patients with migraine dur-
ing the headache attack showed a response to NP similar
to controls and markedly increased when compared to
migrainers studied during the interictal period (P = NS
vs C and P = 0.002 »s M). The maximal response of FBF
to NP was 22.2 £ 1.9, 12.8 = 1.9 and 26.6 £ 3.8 mL/dL
per minute in controls and migraine patients without or
with headache attack, respectively (P < 0.02 for M group
vs C and MH). The response to NP was also analyzed
using the slope of the dose-response curves. In the pa-
tients with migraine without headache the average slope
was markedly less steep than in controls [1.05 £ 0.19 and
1.96 + 0.20 mL/(dL 'min'pg), respectively; P < 0.01]. In
contrast, the slope of the dose response curve to NP in
migraine patients during the headache attack was similar
to controls [2.29 £ 0.29 mL/(dL'min'pg), P < 0.02 »s M,
P> 0.05 s C].

In Figure 2, we report the dose response curves to
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Figure 2 Individual forearm blood flow response to infusion of acetylcholine or sodium nitroprusside into the brachial artery in two patients with migraine

studied during or free from headache.
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Figure 3 Forearm blood flow response to infusion of norepinephrine at
the rate of 280 pg/L per minute into the brachial artery in patients with
migraine during or free from headache, and control subjects. The patients
with migraine were studied during the interictal period (group M) or the head-
ache attack (group MH). Data (mean + SE) were analyzed by paired { test vs
baseline and unpaired ¢ test among groups. "P < 0.01 vs baseling; °P < 0.05 vs
controls.

Ach or NP infusions for the two patients who gave us
a unique opportunity to study the phenomenon both
during the interictal period and the headache attack. It is
striking how potently the response to both Ach and NP
was enhanced by the headache attack as compared with
the basal response.

Figure 3 shows the data on the effect of NE infusion.
FBF was reduced by 1.19 + 0.17 mL/dL per minute by
NE infusion in C (-40% % 6%, P = 0.001 zs baseline). In
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contrast, NE infusion was unable to elicit a vasoconstric-
tory response in migraine patients either when studied in
the headache-free period or during the headache attack
(-0.29 + 0.23 and -0.66 £ 0.69 mL./dL per minute, ac-
counting for a reduction by 3% * 13% and 10% £ 15%
in M and MH, respectively; P > 0.05 #s baseline and P <
0.05 zs5 C).

DISCUSSION

In the present study, we measured vascular reactivity in
patients with migraine without aura either during the in-
terictal period or during a headache attack. We confirm
our previous finding that patients with migraine studied
in the interictal period suffer from impaired vasodilation
in response to acetylcholine and sodium nitroprusside.
Furthermotre, we extend our observation to the vaso-
constrictory response to an adrenergic agonist and show
that in these patients a defect in the response to NE also
coexists. In addition, we studied a group of patients with
migraine during the headache attack. Under these cit-
cumstances, the marked defect in vasodilation completely
reverted, as documented by the normal responses to Ach
and NP. In contrast, the vasoconstrictory response to the
sympathetic agonist NE remained blocked.

Although patients with migraine during the headache-
free period have a normal postural increase compated to
control subjects, they are also characterized by a 50% re-
duction of absolute circulating NE levels in both supine
and orthostatic positionm"m, suggesting an abnormal
regulation of the sympathetic nervous system activity.
Because in these patients NE intravenous administration

October 26, 2013 | Volume 5 | Issue 10 |



induces more prolonged elevation in blood pressure (BP)
than in control subjects, an adrenergic receptor supet-
sensitivity was invoked"”. In addition, the observation
of greater and more prolonged BP response to phenyl-
ephrine led to the conclusion that an alpha-adrenergic
receptor increased sensitivity was implicated"”. However,
it must be considered that the intravenous administra-
tion of NE or phenylephrine does not trigger only the
receptors localized in the vessel wall, but can potentially
unleash more complex, systemic mechanisms. In addi-
tion, indirect data obtained by administering the beta-
blocker propranolol to patients with migraine, suggested
that beta receptors distribution in the radial artery might
be abnormal"”. To the best of our knowledge, the cut-
rent study is the only one in which NE is directly infused
into the brachial artery in patients with migraine. The
agonist was infused locally in very small amounts that
were unable to induce systemic perturbations of NE
circulating levels, given its very short half-life. This is also
supported by the lack of any change in FBF of the con-
tralateral arm in control subjects or in systemic BP (data
not shown). Therefore, under the current circumstances,
any confounding involvement of indirect sympathetic
mechanisms secondary to changes in circulating NE
levels can be excluded, and the observed effects only
reflect the direct action of NE on the forearm resistance
vessels. It must be also stressed that NE stimulates both
the alpha-receptors (vasocostrictory response) and the
beta-receptors (vasodilatory response). Therefore, the
response to NE infusion represents the net balance of
two opposite forces. In normal subjects, however, the
vasoconstrictory response clearly prevails, whereas in
patients with migraine the resistance vessels are unable
to respond to the sympathetic agonist. We cannot dis-
sect whether the block of the vasoconstrictory response
in migraine patients is due to a relative reduction of the
NE effect through the alpha-receptors or an increase of
the beta-receptor response or a combination of the two.
Unfortunately, no information is available in the literature
regarding the adrenergic receptor relative distribution in
the cell membranes of petipheral arterial vessels.

Given the inability of VSMCs to relax in response
to endothelial NO in the interictal period, were the va-
soconstrictory ability of NE intact rather than sevetely
impaired, patients with migraine would experience con-
stantly raised vascular resistance and systemic hyperten-
sion. Therefore, the defective NE-induced vasoconstric-
tion observed in patients with migraine might represent
a chronic hemodynamic adjustment to compensate for
the reduced vasodilatory response to NO by the VSMCs.
The hypothesis of a compensatory down-regulation of
the vasoconstrictory response of VSMCs would be well
in agreement with the generalized reduction of sympa-
thetic nervous system activity previously reported in mi-
graine patients'

We have previously demonstrated the presence of
impaired vascular reactivity in patients with migraine dut-
ing the interictal period, entirely attributable to VSMCs
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dysfunction™. The impaired vasodilatory response to
Ach was associated with normal NO production by en-
dothelial cells. Moreover, the hemodynamic response
to NP, a direct stimulator of VSMCs, was markedly im-
paired. In the current study, we confirm the observation
that in patients with migraine studied free from headache
the response to Ach and NP is severely impaired. Data in
the literature have provided divergent results, cither when
flow-mediated dilation or forearm perfusion technique
associated with plethysmography or other approaches
were used"™. In previous studies, migraine patients
have not been discriminated with regard to the presence
of aura and different vascular beds (micro- »s macro-
vascular and intra- »s extra-cranial) have been explored.
The possibility exists that the two types of migraine
might be characterized by a different vascular reactivity.
Accordingly, the cardiovascular risk profile of the two
types of migraine appears to be different, suggesting that
the intimate mechanism of vascular function diverge and
our findings lend support to the hypothesis that migraine
without aura is not associated with dysfunction of the
endothelial cells potentially triggering atherosclerotic pro-
cesses 7,

In patients with migraine during the headache at-
tack, basal FBF was similar to that measured off the pain
attack and to that of control subjects. In contrast, the
impaired vasodilation in response to the infusion of Ach
and NP of the interictal period was fully restored. Taken
together, our data indicate that the patients with migraine
in the interictal period have a reduced sensitivity of their
VSMCs to the NO released by the endothelial cells. In
contrast, during the headache attack, the response to NO,
as suggested by the NP infusion data, becomes similar
to that measured in the controls, indicating a restored
sensitivity of VSMCs. We have previously demonstrated
that during Ach infusion in patients with migraine dur-
ing the interictal petiod the release of NO is normal and
that endothelial function is intact™”. Interestingly, when
in previous studies systemic nitroglycerin, an NO donor,
was administered to patients with migraine, an approach
used to induce headache in migraine patients or to mea-
sure non-endothelial-mediated vasodilation, an increased
sensitivity to NO was demonstrated in intra-and extra-
cranial vessels'” >, Further studies are necessary to clarify
the intriguing issue about the mechanisms that come into
play during the migraine attack to redirect VSMC sensi-
tivity towards normal.

Study limitations

A potential limitation of the current study is the small
sample of patients studied during the headache attack.
The forearm perfusion technique requires the cannula-
tion of the brachial artery and, in general, this approach
precludes the possibility to study large patients groups. In
addition, it is quite hard to perform a forearm study that
lasts several hours in patients who during the headache
attack abstain from taking analgesics for the potential
drug impact on vascular reactivity.

October 26, 2013 | Volume 5 | Issue 10 |



Napoli R et a/. Migraine and vascular reactivity

As compared with ultrasonographic techniques, such
as the flow mediated dilation, the forearm technique
bears much less variability. Indeed, the effects observed in
our patients during the headache attack were very clear-
cut, providing solid statistics despite the small sample. A
final consideration is that we studied patients with spon-
taneous headache attack. This is a point of great strength
of our work, since confounding factors linked to experi-
mental stimuli used to trigger a headache attack were not
operative.

In conclusion, patients with migraine without
aura studied in the interictal period are characterized by
VSMCs impaired ability to relax in response to NO and
to contract in response to NE. We hypothesize that the
two defects compensate for each other and this provides
for the maintenance of normal vascular resistance and
blood pressure homeostasis. In contrast, during the head-
ache attack, due to mechanisms still unclear, the VSMCs
regain their ability to respond to NO, but remain unre-
sponsive to NE. Such differential effect of the migraine
attack is not surprising, given that NO and NE activate
different intracellular signaling pathways in VSMCs.

COMMENTS

Background

Migraine has been associated with an increased risk of cardiovascular events.
However, authors have recently demonstrated that patients with migraine with-
out aura, studied during the interictal period, do not present peripheral endothe-
lial dysfunction, which is classically associated with a worse cardiovascular risk
profile, but rather an abnormal relaxation of the vascular smooth muscle cells
(VSMCs). It is unclear whether the inability of VSMCs to respond to vasodila-
tors is an isolated abnormality or, rather, reflects a more complex hemodynamic
alteration and whether persists during the headache attack.

Research frontiers

The demonstration that the vascular abnormality observed in migraine are not
due to endothelial dysfunction, but rather to VSMCs impairment might result
in novel therapeutic approachs. Furthermore, life style intervention useful to
improve endothelial dysfunction might be ineffective to correct the defects in
VSMCs dysfunction.

Innovations and breakthroughs

This is the first study to demonstrate that patients with migraine without aura
studied in the interictal period are characterized by VSMCs impaired ability to
relax in response to nitric oxide (NO) and to contract in response to norepine-
phrine (NE). Authors hypothesize that the two defects compensate for each
other and this provides for the maintenance of normal vascular resistance and
blood pressure homeostasis. In contrast, during the headache attack, due to
mechanisms still unclear, the VSMCs regain their ability to respond to NO, but
remain unresponsive to NE.

Applications

Elucidation of the vascular response in patients with migraine both free of and
during the headache episode would be of great importance to the authors’ un-
derstanding of the mechanisms involved in the pathogenesis of the disease and
to better design appropriate therapeutic approaches.

Terminology

Vascular dysfunction is mainly attributable to endothelial dysfunction. In mi-
graine patients without aura, the inability of VSMCs to respond to nitric oxide
can be considered a novel mechanism of vascular dysfunction.

Peer review

The authors studied peripheral vascular function in patients with migraine with-
out aura. the patients were studied both during and free of the headache attack.
Vascular dysfunction in these patients involves both impairment of vasodilation
and vasoconstriction, both due to an abnormal functioning of VSMCs. The re-
sults are very interesting.
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