Acta Biomed 2021; Vol. 92, Supplement 4: €2021345

DOI: 10.23750/abm.v92iS4.12674 © Mattioli 1885

ORIGINAL ARTICLE

Peripheral Arterial Tonometry (EndoPAT)-measured
Endothelial Dysfunction in Migraine with Aura children

Alice Bonuccellt', Claudia Sciarrotta’, Maria Grazia Esposito’, Vanessa Bianchi’, Mario
Miccol?’, Pasquale Striano’, Riccardo D’Angelo’, Margherita Valian’, Emioli Randazzo’,
Thomas Foiadell?’, Diego Peroni'’, Giovanni Federico’, Alessandro Orsini’

"Pediatric Neurology, Pediatric University Department, Azienda Ospedaliera Universitaria Pisana, University of Pisa, *Pediatric
Diabetology, Pediatric University Department, Azienda Ospedaliera Universitaria Pisana, University of Pisa, *‘Department of
Clinical and Experimental Medicine, University of Pisa, Pisa, Italy,"Pediatric Neurology Unit, Dinogmi, Giannina Gaslini’s.
Istitute, University of Genoa,’ Pediatric Clinic, IRCCS Policlinico San Matteo Foundation, University of Pavia, Pavia, Italy.

Abstract. Background. The association between Migraine with Aura (MA) and vascular disease has been
previously reported. We investigated whether pre-clinical vascular alterations, such as Endothelial Dysfunc-
tion, are already present in children and adolescents with Migraine with Aura. Methods. We retrospectively
enrolled 27 patients having Migraine with Aura, aged9 -18 years, and 31 age matched healthy control sub-
jects to evaluateEndothelial Function by Peripheral Arterial Tonometry. This technique measures finger pulse
wave amplitude, before and during reactive hyperaemia, and calculates the Augmentation Index (AI) and the
Reactive Hyperaemia Index (RHI). We also set-up an Aura Severity Scale to assess disease severity and its
relationship with Al and RHI alterations. Resu/ts. Also if the case-control study resulted only partially as sig-
nificant, we found there is an inversely proportional relationship between the severity of the migraine meas-
ured with Aura Severity Scale and the values of the endoscore (a significantly reduced levels of Al (p-value
<0,03) and a marginal reduction of RHI levels (p-value <0,07). Conclusion. Further studies should explore the

impact of pre-clinical vascular alterations in children and adolescents with Migraine with Aura.
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Introduction

Migraine is a common, complex and debilitating
neurological disorder, characterized by attacks of mod-
erate to severe headaches lasting from 4 to 72 hours,
often unilateral and pulsating, associated with nausea,
vomit, and/or photophobia and phonophobia (1). Ap-
proximately 30% of subjects with migraine experiences
the aura, constituted by recurrent and reversible, tran-
sient, focal neurological symptoms, typically preceding
the headache (2, 3). In the International Classification
of Headache Disorders (ICHD-3, 2018) aura is de-
fined as “Fully reversible neurologic dysfunction that pre-
cedes or accompanies a headache, with gradual onset, pro-
gression of 5 minutes or more and duration for each aura
symptoms of 5-60 minutes” (4).

The lifetime prevalence of migraine with aura
is found in about 5% compared to migraine without
aura which is about 8%. Migraine is more prevalent
in women than men with a ratio 3:1, though prior to
puberty the prevalence is higher in boys than girls (5).
Visual aura is the most common type of auras (99%
of cases): scintillating scotoma, blurred vision, tunnel
vision and zig-zag lines; sensory disorders are the next
most frequent aura symptoms (about 54 % of patients)
and language deficits are the least common symptoms
(about 32% of patients) and in these cases the differen-
tial diagnosis with other form like eg ischemic stroke,
PRES, and other neurovascular pathologies are man-
datory (6-12).

The complex pathogenetic mechanism of MA
was disputed throughout much of the 20th and still
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needs full clarification. In particular vasogenic and

neurogenic theories were proposed, and probably both

vascular and neuronal factors contribute to MA.

The neurogenic theory, proposed by Karl Lashley
in the 1940s, hypothesized that aura was due to a wave
of hyper-excitation spreading across areas of contigu-
ous cortex (this event was termed cortical spread de-
pression, CSD) (13). The vasogenic theory, that was
largely accepted until 1980, held that MA was caused
by recurrent episodes of vasospasm within cerebral
vessels causing transient drops in blood flow and re-
sultant neurologic symptoms. Headaches occurred as a
result of rebound vasodilation that caused mechanical
activation of nociceptive neurons within and around
cerebral vessels.

Numerous studies have reported the association
between MA and vascular diseases, in particular in
adult patients with MA general measures and cardio-
vascular preventive strategies are an important step of
therapy to reduce the vascular risk but also to reduce
headache frequency and pain. In the general popula-
tion arterial dysfunction has been linked to an increased
risk of vascular diseases through an atherothrombotic
mechanism; furthermore, in migraineurs the evidence
of an atherothrombotic mechanism leading to vascu-
lar events is not supported and other mechanisms are
hypotesized, like structural and functional changes in
the arterial wall.

Recently the hypothesis of “vascular disease” in
the pathogenesis of MA is emerging in the literature
(14, 15).

Several mechanisms are proposed to explain this
association between vascular disease and MA: the most
commonly suggested mechanism is the “Endothelial
Dysfunction”. The endothelium is today considered an
active metabolic and endocrine organ that produces a
wide variety of substances and expresses a multitude
of receptors, maintaining a favourable balance be-
tween vasodilation and constriction, thrombolysis and
thrombosis, proliferation and apoptosis. The Endothe-
lial Dysfunction is characterized by:

1. impairment of endothelium-dependent vasodila-
tion, due to a decrease in the vasodilating factors
and an increase in vasoconstricting factors;

2. endothelial activation, which is characterized by
proinflammatory and procoagulant state (platelet

activation, aggregation and suppression of antico-
agulant substances).

Furthermore Endothelial dysfunction represent
an integrated index of both the overall cardiovascular
risk-factor burden and the sum of all vasculoprotective
factors (16, 17).

There is evidence that migraine is associated with
endothelial dysfunction, both as a cause and as a con-
sequence also in specific disease (7, 18).

Various genetic and plasmatic biomarkers of en-
dothelial disfunction are been identified (19):

- MHTFR variant C677T: individuals with the ho-
mozygous variant C677T (TT) showed higher
levels of plasma homocysteine an excitatory amino
acid, related to thrombophilic state: high homocyst-
eine levels may influence the threshold for migraine
headache (20, 21); moreover studies have found a
significant association between the T'T genotype
and migraine, especially MA (22-26);

- eNOS gene polymorphisms (endothelial nitric oxide
synthase) and alteration of NO pathway: NO plays an
important role in the cerebral blood flow regulation, in
the activation of trigeminovascular system nociceptors
and in the release of vasoactive neuropeptides during
the neurogenic inflammatory response (27-29);

- ACE polymorphism: ACE I/D polymorphism is a
risk factor for vascular diseases; recently the ACE D/D
genotype has shown to correlate with an increased fre-
quency of migraine attacks in patients with MA;

- EMPs, endothelial microparticles produced in
response to endothelial exposure to inflamma-
tory cytokines; these trigger endothelial release of
chemokines, inhibit nitric oxide synthase and at-
tract leukocytes to the endothelial surface, promot-
ing inflammation and thrombosis;

- elevated levels of ADMA, endogenous inhibitor
of nitric oxide synthase, associated with oxidative
stress, atherosclerosis, and cardiovascular disease;

- ET-1, known primarﬂy as a potent vasoconstrictor
of smooth muscle cells, is a peptide produced by the
endothelium that regulates vascular tone, binding
type B receptors on the endothelium to effect NO-
mediated vasodilation;

- CGRP (calcitonin gene-related peptide):vasodilator
peptide that induces pain response; increased CGRP
levels have been reported in migraine attacks (30);
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VEGF (vascular endothelium growth factor): his
production is regulated by growth factors and in-
flammatory cytokines and VEGF haplotypes seem
affect susceptibility to migraine.

However, in many cases the quality of evidence is
scarce, and the clinical use is poor; better quality stud-
ies are needed to clarify the significance of these bio-
markers and the link with MA.

In addition, also different instrumental techniques
to assess endothelial function have been developed in
the last years, but the results are controversial and dif-
ferent heterogeneous techniques were applied to small
group of patients. Moreover, some reports indicate a

major detection rate of endothelial dysfunction if the
instrumental measurements are associated to endothe-
lial biomarkers; however, there is the possibility that en-
dothelial biomarkers are more sensitive to detect early
changes of endothelial function.

The more known instrumental techniques to
evaluate the endothelial function are flow-mediate di-
lation to pharmacological stimuli(ultrasound); venous
occlusion plethysmography; laser doppler flowme-
try; arterial tonometry; in particular “peripheral arte-
rial tonometry” (EndoPAT) is resulted as a promising
non-invasive indicator of the vascular health of sub-
jects with migraine. EndoPAT records the plethys-

Table 1: MA patients data.

ID Sex Age Weight Height BMI SBP DBP FM FM LM RHI Al %
(Kg) (cm) (mmHg) (mmHg) (Kg) (%) (Kg) (EndoPAT) (EndoPAT)
1 F 14 40 153 17,09 105 69 8,04 21 30 1,22 -11
2 F 13 61,7 163 23,2 124 59 19,05 31 42,2 1,65 -19
3 F 16 62 164 23,05 120 61 18,02 29 40 2,21 -36
4 M 15 44,6 157 17,98 115 54 2,5 5,07 41.6 2,49 -9
5 F 17 68,1 167 24,42 103 65 21,09 32.2 39,9 2,02 -26
6 M 14,2 55,9 164 20,8 121 59 6,01 11,00 47,3 1,19 -2
7 M 13 46,60 171 15,95 106 52 4,08 10,2 41,8 1,72 -9
8 F 14 52,7 163 19,8 106 61 12,3 22,3 39,6 1,95 -5
9 F 14 62,8 165 23 109 55 18 28,7 42,5 1,85 -16
10 F 15 50,4 164 20,2 103 53 11,5 22,8 36,9 2,35 -6
1 M 13 39,2 153 16,7 85 45 4,1 10,5 33,2 1,19 -3
12 F 14 46,5 164 17,3 96 55 8,6 18,5 36 1,54 0
13 F 9 43 146,5 20,17 94 55 12,1 28,2 29,3 1,05 -3
14 F 15 53,6 160 20,09 102 55 14 26.2 39,6 2,34 -2
15 F 14 44,9 163 16,9 104 59 8,04 18,6 37,6 2,24 -1
16 F 18 64,2 157 26 123 78 19 29,60 34,6 1,29 -7
17 F 135 63,8 163 24,07 111 53 19,05 30,5 42 1,38 -4
18 F 13 53 165 19,47 101 50 11,03 21,04 39,6 1,44 -11
19 F 14 52,5 164 19,5 115 55 11,4 21,8 39 1,58 -10
20 F 15 52,6 160 20,5 110 56 12,2 23,2 38,3 1,63 -10
21 F 15 56,4 159 22,3 114 62 16,4 29 38 2,1 -1
22 F 17 56,8 157 23 100 53 13,2 23,3 41,4 1,28 -4
23 M 12 87,1 167,5 31,2 140 66 25,3 29,1 58,7 1,6 -7
24 F 13 449 159,5 17,8 113 52 9,6 21,3 33,5 2,56 -8
25 F 14 47 154,5 19,8 107 57 11,7 24,8 33,5 3,11 -10
26 M 15 46,9 166 17,02 98 53 3,7 7,8 41 2,55 -20
27 F 15 62 160 24 125 55 18,09 30,4 41 2,47 1
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mografic pressure changes caused by the arterial pulse
and translates this to a peripheral arterial tone (PAT).
This instrument provides two indexes: RHI (reactive
hyperemia index) which indicates the peripheral en-
dothelium-dependent vasodilator capacity (nv>1.67)
and AI% (Augmentation Index) which measures the
arterial stiffness, reporting the difference between first
and second peaks of the arterial waveform (AI (%) =
(P2-P1)/P1).

EndoPAT was applied in adult patients suffering
from migraine: for the first time, in 2012, Liman et
al. demonstrated the presence of higher value of Al
in women with MA (29 cases, 30 controls); no dif-
ferences were found in RHI. In 2013, Caballero et al.
demonstrated that: Al is increased in patients with
chronic migraine compared with controls. These re-
sults indicate the presence of an alteration of arterial
function in migraineurs, in particular the presence of

Table 2: Control patients data.

ID Sex Age Weight Height BMI SBP DBP FM FM LM RHI Al
(Kg) (cm) (mmHg) (mmHg) (Kg) (%) (Kg) EndoPAT EndoPAT (%)
1 M 15 74 174 24,44 130 67 15,5 21 58,5 1,67 -15
2 F 17 49,6 157 20,12 115 70 6,9 13,9 40,5 1,76 10
3 F 15 62,5 164 23,24 110 61 17,9 28,7 42,3 1,99 -19
4 M 16 68 174 22,5 119 57 7,9 11,6 57,1 2,3 -15
5 M 17 68 185 19,87 124 57 6,1 9 61,9 2,29 -26
6 F 8 243 127 15,06 96 56 3,8 15,7 19,4 2,14 17
7 F 10 29,2 135 16,02 101 63 6,2 21,4 21,8 1,17 -4
8 M 13 60,2 171 20,59 118 61 8,3 15,4 50,9 1,84 -18
9 M 17 65,2 173 21,8 110 60 7,6 11,6 54,7 1,68 -30
10 M 14 57,7 170 19,97 128 58 8,1 14,1 49,6 1,58 -4
1 F 15 47,2 154 19,9 104 60 10,2 21,7 35,1 1,22 -3
12 M 14 91,3 179 28,5 138 80 21,2 23,2 66,6 2,16 -6
13 M 15 73,7 175 24,1 128 61 19,4 26,3 51,6 1,29 -11
14 M 15 62,5 172 21,13 129 62 6,9 11,1 52,8 1,09 -3
15 M 17 61,8 169 21,64 124 61 7,2 11,6 51,8 2,16 -15
16 M 17 82,1 173 27,43 124 63 14,9 18,1 63,9 2,31 -17
17 F 15 66 170 23,2 121 53 18,5 27,8 45,8 2,76 -17
18 F 17 54,4 170 18,82 107 63 10,4 19,1 41,8 2 -9
19 F 14 56,4 169 19,75 110 70 12,4 21,9 41,8 2,33 -17
20 F 13 51,5 161 19,87 100 60 11,8 23 37,7 2,47 -2
21 F 12 51,9 163 19,53 98 56 12,5 24 37,4 1,99 0
22 M 16 63 176 20,34 116 59 6,5 10,3 53,7 2,27 -16
23 F 13 50 160 24,24 100 58 10,1 20,3 37,9 1,93 -12
24 M 12 42,8 148 19,5 120 65 7,8 18,3 33,1 1,01 -14
25 F 13 56,4 163 21,23 105 64 14,9 26,5 41,5 1,01 -17
26 M 15 90 175 29 135 55 19,8 21,4 72,9 2,03 -23
27 F 15 51 162 19,4 107 58 11,2 22 37,9 1,22 -9
28 M 17 73 178 23,04 133 60 9,9 13,9 58,3 2,04 9
29 M 15 63,8 183 19 130 66 6,6 10,4 57,2 1,18 -18
30 F 12 39,4 151 17,3 114 64 6,7 17 31 1,55 -5
31 F 13 50,3 160 19,65 107 57 12 23,9 36,3 1,81 0
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higher arterial of arterial system in MA.

We propose the first study for evaluation of en-
dothelial dysfunction through Endopat in a popula-
tion of children suffering from migraine with aura.

In particular the aims of the present study were: 1.
to verify the presence of pre-clinical vascular alteration
such as Endothelial Dysfunction in children with MA;
2. to verify the eventual correlation between an alter-
ated endothelial function and the MA severity.

Methods

We retrospectively enrolled 27 children (6 male, 21
female) with MA (9-18 years of age) referred as out-pa-
tients to the Neuropediatric Unit of a tertiary level centre,
in central Italy, that performed analysis with EndoPAT for
evaluation of Endothelial Function.

Thirty-one (16 male, 15 female), age- and sex-
matched healthy subjects without migraine served as con-
trols enrolled from another study.

We included only females, when fertile, during the
follicular phase of menstrual cycle. Clinical data of all en-
rolled subjects are summarized in Tables 1 and 2. Diagno-
sis of migraines was performed according to the Interna-
tional Headhache Society Classification (2).

Family history was obtained from patients and con-
trols, focusing on neurological and cardiovascular diseases.

Exclusion criteria were: comorbidity with other
cronic diseases; evidence of other CV risk factors; pa-
tients in pharmacological treatment; in all the patients,
the presence of concomitant disease (other than MA)
or increased risk of cardiovascular disease, or cigarette
smoking, alcohol, or food abuse excluded by medical
history, standard medical examinations and clinical tests.

The Instruments we used were: 1. “EndoPAT” for
evaluation of Endothelial Function. All patients were
retrospectively evalueted with Aura Severity Scale” for
evaluation of MA severity.

BMI was calculated using the formula weight
[(kg)/height (m)*] .

We used the same National reference data to cal-
culate BMI z-score and Height z-score. Body com-
position weres measured using the Tanita BC-418
Segmental Body Composition Analyser (Tanita Cor-
poration, Tokyo, Japan) (31, 32).

Informed consent to study participation was ob-
tained from all the enrolled subjects or from their par-
ents, as appropriate.

1. Assessment of Endothelium-Dependent Vasodilation -
EndoPAT

In both MA patients and controls, peripheral
endothelium-dependent vasodilator capacity was esti-
mated assessing the reactive hyperaemia index (RHI)
by means of an EndoPAT system (Itamar Medical
Ltd, Cesarea, Israel). As previously described (33), the
subject sat in a reclining chair with the hands at heart
level and was propped in a comfortable position so that
the fingers were hanging freely. Fingertip probes were
placed on both index fingers and pulse wave amplitudes
were recorded for the duration of the entire study con-
sisting of 5-minute baseline recording, 5-minute occlu-
sion of non-dominant arm using a BP cuff inflated to
40 mmHg above systolic pressure, rapid deflation of BP
cuff (followed by reactive, flow-mediated hyperaemia)
and pulse wave amplitudes recording for at least further
5 minutes. An integrated software program compares
the ratio of arterial pressure waves in the two fingers
before the occlusion and after the deflation to calculate
the reactive RHI score as the ratio of the average pulse
wave amplitude, measured over 60 seconds starting one
minute after cuff deflation, to the average pulse wave
amplitude measured at baseline. This ratio is normalized
to the concurrent signal from the controlateral finger to
correct for changes in systemic vascular tone (34).

EndoPAT calculates also the Augmentation In-
dex (AI), a measure of arterial stiffness, analysing the
pulse waveform of the PAT signal recorded during the
base-line period. Lower or negative Al values indicate
better arterial elasticity.

This data were also compared with traditional CV
risk factors to determine the real, indipendent impor-
tance of the test.

2. Assessment of MA severity

To investigate the possible presence of a relation-
ship between endothelial dysfunction and MA sever-
ity, we set-up an Aura Severity Scale (Table 3) derived
from a “Visual Aura Scale” (35). The Scale was adapted
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to identiflty the severity of aura in a cohort of patients
with visual and sensorimotor symptoms.

The maximum score is 10 points

According to the Scale we identified 3 grades of
severity:
1. Mild: 0-3 points
2. Moderate: 4-6 points
3. Severe: 7-10 points

Taking into consideration the worst episode of
MA experienced by our patients, we assigned scores as
follows: 3 points for Duration (1 point: <10; 2 points:
10-30; 3 points: >30’); 2 points for Visual Symptoms
(1 point: Scotoma, Zig-zag Lines; 2 points: blurred
vision); 1 point for Location (0 points if symptoms

are Bilateral; 1 point if symptoms are Unilateral); 2
point to Weakness (0 points if absent, 1 point to mild
lack of strenght, 2 points to severe lack of strenght); 1
point to Paresthesia; 1 point to Dysarthria. The maxi-
mum score is 10 that represents the weighted sum of
visual and somatosensorial symptoms.According to
the Scale we identified 3 levels of severity: Mild: 0-3
points;mModerate: 4-6 points; Severe: 7-10 points.

Statistical analysis
Normality of distributions was assessed using the

Shapiro-Wilk test, Gaussian variables were expressed
as mean * standard deviation, while the not normally

Table 3: MA: severity scale.

Duration  Visual Aura Symp-  Unilateral Weakness Paresthesia Dysarthria Total
(minutes) toms
1 2 2 1 - - 1 6
2 2 2 1 - 1 - 6
3 2 2 - - - - 4
4 3 1 - - - - 4
5 2 2 - 2 1 - 7
6 2 2 1 - 1 - 6
7 3 2 1 - - - 6
8 1 2 - - - - 3
9 2 2 - - - - 4
10 1 2 - 1 - - 4
11 1 2 - - - - 3
12 3 2 - - 1 - 6
13 1 1 - - - - 2
14 1 2 - - - - 3
15 2 1 1 - - - 3
16 2 2 - - - - 4
17 1 1 1 - - - 3
18 2 2 1 - - - 5
19 2 2 - - 1 - 5
20 2 2 - 2 1 - 7
21 3 2 - - - 1 6
22 3 2 - - - - 5
23 2 - - 2 - - 4
24 2 2 1 - - - 5
25 2 2 - - - - 4
26 2 1 - - - - 3
27 2 1 - - - - 3
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distributed ones were reported as median and inter-
quartile range.

Mann-Whitney test and t-test were performed
to analyse differences between continuous variables.
Ordinal logistic regression was carried out to study
the influence of endothelial dysfunction on illness se-
verity. Post-hoc power tests were performed to esti-
mate the sample size of the groups, 1-f3 values of the
significant variables were > 0.8, assuring appropriate
sample size. The statistical analysis was conducted us-
ing the IBM SPSS software package, version 17.0.1
(Table 4).

Results
Case-control study

Tables1 and 2 summarize clinical and instrumen-
tal findings we observed in both patients and controls.

As shown in Tables, among non-Gaussian-
distributed data, Height, Diastolic Blood Pressure
(DBP), Fat mass (FM) % and Free fat mass (FFM) kg
were significantly different between patients and con-
trols. Specifically, analysing each point we found that:
- Height and Diastolic Blood Pressure were nearly the

same in the two groups.

- Fat mass was greater in Cases group than in the
Control one (both FM% both FFM Kg)

Among normally distributed variables, only Systolic
Blood Pressure (SBP) was significant, and resulted
greater in Controls group.

Relationship between Disease Severity and entity of
Endothelial Dysfunction

As regards the severity of the disease, using
the proposed “Aura Severity Scale” we obtained that
in 2% of cases the severity was severe, in 30% mild
and in 68% moderate (Figure 1).

Scores of Aura Severity Scale resulted related
to the entity of the EndoScore alteration. The in-
fluence of Endothelial Dysfunction on illness se-
verity has been analyzed with an ordered logistic
regression. The sample output test used for the
significant variables gives a result of 0,08: the nu-
merosity of the variables is sufficient. The statis-
tical analysis demonstrate that exists a significant
correlation, confirming our hypothesis: considering
a signification level a/fa of 0,05, p-value for Aug-
mentation Index is 0,03 and p-value for Reactive
hyperaemia index is 0,07.

Table 4: Statistical analysis

Variable Obs. Obs.with  Obs.without = Minimum Maximum Mean Standard

missing data  missing data Deviation
Age (cases) 27 0 27 9,000 18,000 14,248 1,728
Age (controls) 31 0 31 8,000 17,000 14,419 2,187
Height (cases) 27 0 27 146,500 171,000 161,111 5,312
Height(controls) 31 0 31 127,000 185,000 165,839 12,869
BMI (cases) 27 0 27 15,950 31,200 20,789 3,462
BMI (controls) 31 0 31 15,060 29,000 21,296 3,200
DBP (cases) 27 0 27 45,000 78,000 57,296 6,615
DBP (controls) 31 0 31 53,000 80,000 61,452 5,347
FM, Kg (cases) 27 0 27 2,500 25,300 12,522 5,901
FM, Kg (controls) 31 0 31 3,800 21,200 10,942 4,717
FM, % (cases) 27 0 27 5,070 32,200 22,486 7,714
FM, % (controls) 31 0 31 9,000 28,700 18,523 5,716
LM (cases) 27 0 27 29,300 58,700 39,244 5,700
LM controls) 31 0 31 19,400 72,900 46,542 12,679
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MA Severity

2%

mild
M moderate
M severe

Figure 1. MA severity

Discussion

This is the first study which employ a PAT device
in a pediatric cohort of migraineurs with aura to prove
in these patients the presence of an alterated endothelial
response, presuming this as a determining factor in the
development of migraine with aura.

This retrospective case-control study for evaluation
of the traditional cardiovascular risk factors resulted only
partially as significant, probably because the number of
patients monitored (n=58) was insufficient.

Instead, the study for evaluation of the relationship
between the MA severity and the vascular dysfunction,
measured by the EndoPAT parameters (RHI and Al),
resulted as significant: we obtained statistically signifi-
cant results for RHI and in particular for Al: our results
showed inversely proportional relationship between the
severity of the disease and the values of the endoscore.

Children with MA may already have a subtle, pre-
clinical endothelial dysfunction, and this endothelial
dysfunction could represent a determining factor in the
development of migraine with aura as well as in the pre-
disposition to cardiovascular events.

This study can lead to extensive use of a safe and
non-invasive diagnostic device to obtain early informa-
tion about functional vascular health in risk groups, like
migraineurs.

But what is the utility of these studies? Understand-
ing the role of endothelial dysfunction in MA may lead

also to develop preventive drugs for restore the endotheli-
al dysfunction, preventing MA and cardiovascular events
in these patients. To date it is uncertain whether cardio-
vascular events can be prevented by migraine prophylaxis
and only one study showed an improvement of endothe-
lial function during therapy with enalapril (36).

Future studies are required and need of a large num-
ber of selected subjects, rigorous inclusion and exclusion
criteria, patient with a wide range of migraine condition
in terms of frequency, duration and severity of attacks
and standardized and reliable methods to measure the
endothelial function.

We hope that endothelial function measurements
may facilitate the prevention of cardiovascular events in
migraineurs children, as well as improve the quality of life
of pediatric patients suffering from MA.

Conflict of Interest: Each author declares that he or she has no com-
mercial associations (e.g. consultancies, stock ownership, equity inter-
est, patent/licensing arrangement etc.) that might pose a conflict of
interest in connection with the submitted article

References

1. Foiadelli T, Piccorossi A, Sacchi L, De Amici M, Tucci M,
Brambilla I, et al. Clinical characteristics of headache in Italian
adolescents aged 11-16 years: a cross-sectional questionnaire
school-based study. Ital ] Pediatr. 2018;44(1):44.

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

3.Butt JH, Franzmann U, Kruuse C. Endothelial function
in migraine with aura - a systematic review. Headache.
2015;55(1):35-54.

4. Olesen J. International Classification of Headache Disorders.
Lancet Neurol. 2018;17(5):396-7.

5. Eidlitz-Markus T, Zeharia A. Symptoms and clinical param-
eters of pediatric and adolescent migraine, by gender - a retro-
spective cohort study. ] Headache Pain. 2017;18(1):80.

6. Viana M, Tronvik EA, Do TP, Zecca C, Hougaard A. Clinical
features of visual migraine aura: a systematic review. ] Headache
Pain. 2019;20(1):64.

7. Cordelli DM, Marra C, Ciampoli L, Barbon D, Toni F, Zama
D, et al. Posterior Reversible Encephalopathy Syndrome in in-
fants and young children. Eur ] Paediatr Neurol. 2021;30:128-
33.

8. Luzzi S, Gragnaniello C, Marasco S, Lucifero AG, Del Maes-
tro M, Bellantoni G, et al. Subaxial Vertebral Artery Rotational
Occlusion Syndrome: An Overview of Clinical Aspects, Di-
agnostic Work-Up, and Surgical Management. Asian Spine J.
2020.



Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021345

9. Luzzi S, Gragnaniello C, Giotta Lucifero A, Marasco S, El-
sawaf Y, Del Maestro M, et al. Anterolateral approach for
subaxial vertebral artery decompression in the treatment of
rotational occlusion syndrome: results of a personal series and
technical note. Neurol Res. 2021;43(2):110-25.

10. Luzzi S, Gragnaniello C, Giotta Lucifero A, Del Maestro M,
Galzio R. Microneurosurgical management of giant intrac-
ranial aneurysms: Datasets of a twenty-year experience. Data
Brief. 2020;33:106537.

11. Luzzi S, Gragnaniello C, Giotta Lucifero A, Del Maestro M,
Galzio R. Surgical Management of Giant Intracranial Aneu-
rysms: Overall Results of a Large Series. World Neurosurg.
2020;144:e119-e37.

12. Luzzi S, Giotta Lucifero A, Del Maestro M, Marfia G, Navone
SE, Baldoncini M, et al. Anterolateral Approach for Retrosty-
loid Superior Parapharyngeal Space Schwannomas Involving
the Jugular Foramen Area: A 20-Year Experience. World Neu-
rosurg. 2019;132:e40-¢52.

13. Tfelt-Hansen PC. History of migraine with aura and corti-
cal spreading depression from 1941 and onwards. Cephalalgia.
2010;30(7):780-92.

14. Bigal ME, Kurth T, Hu H, Santanello N, Lipton RB. Migraine
and cardiovascular disease: possible mechanisms of interaction.
Neurology. 2009;72(21):1864-71.

15. Giotta Lucifero A, Baldoncini M, Bruno N, Galzio R,
Hernesniemi J, Luzzi S. Shedding the Light on the Natural
History of Intracranial Aneurysms: An Updated Overview.
Medicina (Kaunas). 2021;57(8).

16. Reriani MK, Lerman LO, Lerman A. Endothelial function as
a functional expression of cardiovascular risk factors. Biomark
Med. 2010;4(3):351-60.

17. Savioli G, Ceresa IF, Macedonio S, Gerosa S, Belliato M, Iotti
GA, et al. Trauma Coagulopathy and Its Outcomes. Medicina
(Kaunas). 2020;56(4).

18. Tietjen GE. Migraine as a systemic vasculopathy. Cephalalgia.
2009;29(9):987-96.

19. Tietjen GE, Khubchandani J. Vascular biomarkers in migraine.
Cephalalgia. 2015;35(2):95-117.

20. Azimova JE, Sergeev AV, Korobeynikova LA, Kondratieva NS,
Kokaeva ZG, Shaikhaev GO, et al. Effects of MTHFR gene
polymorphism on the clinical and electrophysiological charac-
teristics of migraine. BMC Neurol. 2013;13:103.

21. Samaan Z, Gaysina D, Cohen-Woods S, Craddock N, Jones
L, Korszun A, et al. Methylenetetrahydrofolate reductase gene
variant (MTHFR C677T) and migraine: a case control study
and meta-analysis. BMC Neurol. 2011;11:66.

22.Kara I, Sazci A, Ergul E, Kaya G, Kilic G. Association of the
C677T and A1298C polymorphisms in the 5,10 methylene-
tetrahydrofolate reductase gene in patients with migraine risk.
Brain Res Mol Brain Res. 2003;111(1-2):84-90.

23.Kowa H, Yasui K, Takeshima T, Urakami K, Sakai F, Na-
kashima K. The homozygous C677T mutation in the meth-
ylenetetrahydrofolate reductase gene is a genetic risk factor for
migraine. Am ] Med Genet. 2000;96(6):762-4.

24. Lea RA, Ovcaric M, Sundholm J, MacMillan J, Griffiths LR.
The methylenetetrahydrofolate reductase gene variant C677T

influences susceptibility to migraine with aura. BMC Med.
2004;2:3.

25. Scher Al Terwindt GM, Verschuren WM, Kruit MC, Blom
HJ, Kowa H, et al. Migraine and MTHFR C677T genotype
in a population-based sample. Ann Neurol. 2006;59(2):372-5.

26. Orsini A, Sammartino I, Valetto A, Bertini V, Marchese P,
Bonuccelli A, et al. Methylenetetrahydrofolate reductase poly-
morphism (MTHFR C677T) and headache in children: a ret-
rospective study from a tertiary level outpatient service. Ital J
Pediatr. 2018;44(1):106.

27. Giiler S, Giirkan H, Tozkir H, Turan N, Celik Y. An Inves-
tigation of the Relationship between the eNOS Gene Poly-
morphism and Diagnosed Migraine. Balkan J Med Genet.
2014;17(2):49-59.

28. Palumbo P, Lombardi F, Siragusa G, Dehcordi SR, Luzzi S,
Cimini A, et al. Involvement of NOS2 Activity on Human
Glioma Cell Growth, Clonogenic Potential, and Neurosphere
Generation. Int ] Mol Sci. 2018;19(9).

29. Palumbo P, Lombardi F, Augello FR, Giusti I, Luzzi S, Dolo
V, et al. NOS2 inhibitor 1400W Induces Autophagic Flux and
Influences Extracellular Vesicle Profile in Human Glioblas-
toma U87MG Cell Line. Int ] Mol Sci. 2019;20(12).

30. Ashina M, Bendtsen L, Jensen R, Schifter S, Olesen J. Evidence
for increased plasma levels of calcitonin gene-related peptide in
migraine outside of attacks. Pain. 2000;86(1-2):133-8.

31. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing
a standard definition for child overweight and obesity world-
wide: international survey. Bmj. 2000;320(7244):1240-3.

32. McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM.
Body fat reference curves for children. Int ] Obes (Lond).
2006;30(4):598-602.

33. Palombo C, Kozakova M, Morizzo C, Gnesi L, Barsotti MC,
Spontoni P, et al. Circulating endothelial progenitor cells and
large artery structure and function in young subjects with un-
complicated type 1 diabetes. Cardiovasc Diabetol. 2011;10:88.

34. Axtell AL, Gomari FA, Cooke JP. Assessing endothelial vaso-
dilator function with the Endo-PAT 2000.] Vis Exp. 2010(44).

35. Eriksen MK, Thomsen LL, Olesen J. The Visual Aura Rat-
ing Scale (VARS) for migraine aura diagnosis. Cephalalgia.
2005;25(10):801-10.

36. Sonbolestan SA, Heshmat K, Javanmard SH, Saadatnia M.
Efficacy of Enalapril in Migraine Prophylaxis: A Randomized,
Double-blind, Placebo-controlled Trial. Int J Prev Med.
2013;4(1):72-7.

Received: 9 December 2021
Accepted: 15 January 2022
Correspondence:

Thomas Foiadelli

Clinica Pediatrica

IRCCS Policlinico San Matteo
Ve Golgi 19 - 27100 Pavia (PV)
Tel: 0382-502921

E-mail: t.foiadelli@smatteo.pv.it



