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Abstract


Migraine patients may present
altered values of the parameters related to their cerebral
circulation. The non-invasive assessment of the autoregulation of
such patients can be helpful in investigating the causes of migraine.
We developed a joint analysis protocol based on transcranial Doppler
(TCD) and near-infrared spectroscopy (NIRS) for assessing cerebral
autoregulation. We tested 30 healthy subjects and 30 patients
suffering from migraine without aura. We measured the baseline values
of cerebral blood flow velocity (CBFV) in the middle cerebral
arteries and the concentration of oxygenated (oxy-Hb) and reduced
(deoxy-Hb) haemoglobin in brain tissue. Afterwards, the subjects
performed a breath-holding (BH) task.


In baseline
conditions, we did not find significant difference between the CBFVs
of healthy subjects and of migraineurs, even though the latter group
showed a greater dispersion of the velocities (healthy: 70.66.8
cm/s; migraine: 71.514.4
cm/s). Strong differences in the CBFV were observable during the BH
task: migraineurs showed a smaller BH index than controls (0.830.55%
vs 1.290.71%;
p<0.005) and a reduced increase of the oxy-Hb (migraineurs:
0.0330.019
mol/l/s;
healthy: 0.0550.037
mol/l/s;
p<0.01). Also, we found a different haemoglobin balancing during
the BH phase between migraineurs and controls, revealing that
migraineurs do not show a marked vasodilation as functional response
to the CO2
increase. 



We propose this joint analysis
protocol to assess cerebral autoregulation of migraine patients, and 
suggest NIRS as a low cost, easy, reliable and fast technique to
deeply investigate cerebral coupling deregulations.








Introduction


During the last years there
has been a growing interest in investigating the cerebral circulation
of migraineurs. Experimental evidence showed that migraine patients
might present altered values of the parameters related to their
cerebral circulation [1].


The
non-invasive assessment of cerebral circulation is usually performed
by means of transcranial Doppler sonography (TCD), that can
proficiently measure the cerebral blood flow (CBFV) velocity in a
targeted artery [2,3]. Baseline values are typically analyzed jointly
to physiological data recorded in response to an external stimulus;
usually, CO2
reactivity is used to induce cerebral autoregulation. TCD can
reliably measure the CBFV in a given time instant and can detect
possible CBFV changes, but a different technique is required to
analyze blood composition and neurovascular coupling between blood
and brain tissue. 



Near-infrared spectroscopy
(NIRS) is a non-invasive tool that can effectively measure the
percentage of oxygenated haemoglobin (oxy-Hb) and of deoxygenated
haemoglobin (deoxy-Hb) in a real time fashion, providing a functional
detail about the oxygenation of cerebral tissue. A joint TCD-NIRS
analysis could be extremely important when assessing cerebral
autoregulation of migraine patients, in which  a neurovascular
disorder has been hypothesized [4].








Patients and methods


We enrolled
30 healthy subjects (15 males, 15 females, mean age 354.5
years) and 30 patients (10 males, 20 females, mean age 369.1
years) suffering from migraine without aura, diagnosed according to
the criteria of the International Headache Society [5]. Each subject
underwent clinical examinations in order to exclude possible
neurological, psychological, cardiac and vascular pathologies.


TCD scans were conducted by
means of a 2 MHz pulsed device (X4 MultiDop, DWL, Germany) insonating
the subjects’ middle cerebral arteries (MCA) in their M1 tract.
Recordings were performed during baseline and during voluntary breath
holding (BH).


Changes in oxy-Hb and deoxy-Hb
were monitored by means of a NIRO300 device (Hammamatsu Photonics,
Australia). Source and receiver were placed on the left frontal lobe
of the subjects at a distance equal to 5 cm. The details about breath
holding, instrumental measures and subjects positioning were
previously reported [6].


For all the subjects we
off-line computed the breath holding indexes (BHI) [4] that relate
the baseline values of CBFV, oxy-Hb, and deoxy-Hb to their
corresponding post-stimulus values.


Statistical differences
between healthy controls and patients were tested using the Student’s
t-test (to compare the population mean values) and the Fisher test
(to compare the population variances). The significance level was
95%.








Results


In resting
conditions, the CBFVs of healthy subjects (mean/sd: 70.66.8
cm/s) and of migraineurs (71.514.4
cm/s) did not differ in a statistically significant way (p>0.05),
even though the population of migraineurs presented a significantly
higher dispersion of the values (healthy 6.8 cm/s; migraine: 14.4
cm/s; p<0.01). Also baseline values of oxy-Hb and deoxy-Hb were
not significantly different between the groups.


Overt
differences were recorded during the BH task. As regards BH duration,
migraineurs could hold the apnea significantly less than healthy
subjects (migraine: 30.37.9
s; healthy: 41.78.3
s, p<0.00001).


TCD
findings revealed that the BHI derived from the CBFV modifications of
the healthy were significantly higher than those of the migraine
sufferers (healthy: 1.290.71
%; migraine: 0.830.55
%; p<0.005).


Even
clearer differences were seen in the BHI calculated on the oxy-Hb and
deoxy-Hb signals: both these indexes revealed that vasoreactivity of 
migraine patients is reduced if compared to that of control subjects.
Specifically, the BHIs for migraineurs were  0.0330.019
mol/l/s
and to -0.0070.008
mol/l/s
for the oxy-Hb and the deoxy-Hb respectively; whereas the
corresponding indexes shown by controls were 0.0550.037
mol/l/s
and 0.00060.0019
mol/l/s.
The indexes could be considered different (p<0.01).








Discussion


Our results clearly showed
that vasoreactivity of migraine patients is impaired: the
physiological response to the BH onset is a vasodilatation, as shown
by the TCD, that is lower than that of healthy subjects. Also the
haemoglobin balance in brain tissue is different from that of
controls: this is in accordance to previous studies demonstrating
that migraine could be caused by a deregulated coupling of neuronal
demand to cerebral blood flow [7].


Figure 1
reports the time course of the oxy-Hb (black line) and of the
deoxy-Hb (gray line) during the BH phase of a migraine patients
belonging to our sample population. The apnea is extremely short and 
the oxy-Hb does not increase in a significant and abrupt way, as it
should in presence of a normal vasoreactivity [4]. Moreover, the
subject cannot reach the full arterial vasodilatation, since the BH
ends before a plateau zone that is typical of a well compensated CO2
increase.


Our preliminary results show
that by means of NIRS-TCD combined exam it is possible to assess the
level of impairment of the subject’s vasoreactivity. The test
is simple, safe, low-cost and in real-time. By means of this
technique it is possible to deeply investigate cerebral coupling
deregulations that could play a significant role in migraine
pathogenesis.


In conclusion, we propose to
adopt a joint TCD-NIRS analysis protocol to test the vasoreactivity
of migraine sufferers.
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Legend to Figure 1 



Time course of the oxy-Hb
(black line) and of the deoxy-Hb (grey line) during the BH phase for
a migraine patient. The BH duration is short, vasoreactivity is weak
since no significant increment of the oxy-Hb is observable.
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