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Abstract The aim of the present study was to investigate
the possible relationships between the presence of head-
ache-related photophobia and migraine-associated allo-
dynia—a hallmark of central sensitization—among
patients with different migraine types. A sample of 456
migraineurs was studied. Our results showed that photo-
phobia was present in a high proportion of patients, with
similar figures in patients with episodic migraine or CM,
and confirmed that the prevalence of allodynia was higher
among CM patients than in those with episodic migraine.
We found a clear association between migraine-related
allodynia and photophobia only in CM patients. Overall,
these findings suggest that light stimulation may contribute
to central sensitization of pain pathways in migraineurs,
possibly contributing to progression into chronic forms.
The possible connections underlying this type of sensiti-
zation is offered by the recently published data on a non-
image-forming visual retino-thalamo-cortical pathway
which may allow photic signals to converge on a thalamic
region which is selectively activated during migraine
headache.
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Introduction

Central sensitization is the process that underlies
migraine-associated allodynia. It is an increased response
to stimulation that is mediated by amplification of sig-
naling in the central nervous system (CNS) with a con-
sequent noxious sensation in presence of a non-noxious
stimulus caused by a recruitment mechanism. In fact,
central sensitization is a state in which neurons activated
by noxious mechanical and chemical stimuli are sensi-
tized by such stimuli and become hyper-responsive to all
subsequent stimuli delivered to the neurons’ receptive
fields [1]. Neuroplasticity and subsequent CNS sensiti-
zation include altered function of chemical, electrophys-
iological, and pharmacological systems, involving
intricate changes in both the peripheral and CNSs. In the
case of migraine-associated allodynia, it is thought that
the stimulus able to sensitize pain matrix nuclei is the
frequent recurrence of migraine attacks. In fact, allodynia,
that in turn is an hallmark of sensitization, has been found
to be more prevalent among chronic migraineurs with
respect to episodic ones reinforcing the hypothesis of the
necessity of frequent stimulation of central nuclei of the
pain pathway to induce sensitization [2].

A visual pathway from the optic chiasm to the pulvinar,
and from the pulvinar to several associative cortical brain
regions, was recently described, which may allow photic
signals to converge on a thalamic region which is selec-
tively activated during migraine headache [3, 4]. This
pathway is responsible for migraine-associated photopho-
bia, i.e., worsening of pain induced by light exposition.
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Based on the above reported background, we designed a
study to investigate the possible relationships between the
presence of headache-related photophobia and migraine-
associated allodynia among patients with different
migraine types. The aims of the study were: (1) to evaluate
the prevalence of photophobia and of allodynia in a clinical
sample of migraineurs and (2) to evaluate the possible
relationship between the presence of headache-related
photophobia and migraine-associated allodynia in migrai-
neurs in general and in specific subgroups with differences
in attack frequency.

Materials and methods

A sample of 456 migraineurs consecutively attending the
Headache Center of L. Sacco Hospital was studied. Mean
age was 38.2 &+ 13.2, 65 were males and 391 females. All
patients with a diagnosis of episodic or chronic migraine
(CM) according to ICHD-II criteria [5, 6] were enrolled.
Patients with a diagnosis of medication overuse headache
were not included. /A" semi-structured ad hoc questionnaire
was used to evaluate the presence of allodynia [2]. The
presence of photophobia was assesses by specifically ask-
ing patients if light exposition during headache attacks was
able to increase head pain.

Chi square test was used to compare frequency of each
symptom in different groups while Student ¢ test was
applied to compare mean duration of illness among dif-
ferent groups.

Results

CM was present in 126 patients and episodic migraine in
330.

In the total sample, 248 patients had allodynia. The prev-
alence of allodynia was higher among CM patients than in
those with episodic migraine (62.7 vs. 51.2 %, respectively;
p = 0.035). A total of 385 patients were photophobic. Its
prevalence was similar in patients with CM and with episodic
migraine (84.1 vs. 84.5 %, respectively; p = NS). Among the
photophobic patients, 216 were allodynic and 169 were not,
and among the 71 without photophobia, 32 were allodynic
and 39 were not allodynic. Comparing the two groups (pho-
tophobic and non-photophobic patients) for the presence of
allodynia, we observed a trend of association between pho-
tophobia and allodynia, although not significant (p = 0.08).

Among the CM patients, 106 out of 126 were photophobic
(among them, 71 were allodynic and 35 not), while the
remaining 20 subjects were free from photophobia (among
them, 8 with allodynia and 12 without). A significant higher
prevalence of allodynia among photophobic CM patients
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with respect to those without photophobia (p = 0,029) was
found.

In the episodic migraine group, 279 out of 330 subjects
were photophobic (among them, 145 were allodynic and
134 were not) and 51 were non-photophobic (among them,
24 were allodynic and 27 were not). No difference in
allodynia prevalence was observed comparing these two
groups (p = 0.51). An analogous result was obtained
dividing patients in photophobic (n = 385) and non-pho-
tophobic (n = 71): among 385 photophobic migraineurs
106 had CM (among them, 71 were allodynic and 35 were
not) and 279 had episodic migraine (among them, 145 were
allodynic and 134 were not), with a significant prevalence
of allodynia among photophobic CM patients (p = 0.008).
When the 71 migraineurs who did not complain of pho-
tophobia were evaluated, 20 out of them had CM (8 allo-
dynic and 12 not allodynic), while 51 had episodic
migraine (among them, 24 were allodynic and 27 were not)
without any significant difference (p = 0.59).

The above reported data are reported in terms of per-
centages and statistical evaluation in Table 1.

To avoid selection biases, we assessed that photophobia
was equally distributed among episodic and chronic
migraineurs (p = 0.77), and that no difference in migraine
duration (years of illness history) was present between
allodynic and non-allodynic patients in both photophobic
and non-photophobic groups.

Table 1 Prevalence of allodynia and photophobia, and statistical
evaluation of the relationships between these two variables in the
studied patients with CM and episodic migraine

Allodynia
Chronic migraine 62.7 % p = 0.035
Episodic migraine 512 %
Photophobia
Chronic migraine 84.1 % p = 0.77 (NS)
Episodic migraine 84.5 %
Relationship allodynia/photophobia
Photophobic
Chronic migraine p = 0.008
With allodynia 71 67 %
Without allodynia 35 33 %
Episodic migraine
With allodynia 145 52 %
Without allodynia 134 48 %
Non-photophobic
Chronic migraine p = 0.59 (NS)
With allodynia 8 40 %
Without allodynia 12 60 %
Episodic migraine
With allodynia 24 47 %
Without allodynia 27 53 %
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Discussion and conclusion

The presence of photophobia is one of the items included in
the current diagnostic criteria of migraine [5], and in
clinical practice it is frequently reported both by episodic
migraine and by CM patients.

Our results showed that photophobia was present in a
high proportion of migraineurs, with similar figures in
patients with episodic migraine or CM. Our data confirmed
that the prevalence of allodynia was higher among CM
patients than in those with episodic migraine. Furthermore,
we found that the association between migraine-related
allodynia and photophobia was correlated to the frequency
of headache, as it was evident only in CM patients, while
no significant association was found with the length of
migraine history. Overall, these observations suggest that
light stimulation may contribute to central sensitization of
pain pathways in migraineurs with a high frequency of
attacks. This sensitizing effect may be due to the recurring
stimulation of nuclei in the CNS involved in pain pro-
cessing in migraine patients by a specific non-image-
forming visual pathway. An interesting insight into the
possible connections underlying this type of sensitization is
offered by the recently published data on a novel retino-
thalamo-cortical pathway, which was studied in rats and

also in humans by MR tractography, and that was dem-
onstrated to be able to transmit photic stimuli from the
retina into the trigeminovascular neurons in the thalamus.
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