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Abstract The aim of this study is to investigate the fre-
quency of unilateral cranial autonomic symptoms during
migraine attacks, and to compare the clinical characteris-
tics of migraine patients with and without unilateral cranial
autonomic symptoms. One hundred and eighty-six con-
secutive patients with episodic migraine attacks were pro-
spectively included. Cranial autonomic symptoms of the
patients occurred during headache, frequency, duration,
severity and character of headache, disease duration,
presence of aura, laterality of headache, accompanying
symptoms, relation of migraine attacks with menstruation,
lesions detected on magnetic resonance images, and family
history of migraine were recorded. The patients with and
without unilateral cranial autonomic symptoms during
headache were compared in terms of above-mentioned
parameters. Seventy-seven (41.4 %) patients were
observed to develop unilateral cranial autonomic symp-
toms during migraine attack. Disease duration was longer
in the patients with unilateral cranial autonomic symptoms
than in those without (p = 0.045). Headache was unilateral
in 83.1 % of the patients with unilateral cranial autonomic
symptoms (p = 0.001). Pure menstrual or menstrually
related migraine attacks were more common in the patients
with unilateral cranial autonomic symptoms (p = 0.043)
and is thought that menstruation-related hormonal factors
might have a triggering role on the trigeminal-autonomic
reflex pathway. The longer disease duration in patients with
unilateral cranial autonomic symptoms might be associated
with the activation of pathophysiological mechanisms that
cause cranial autonomic symptoms in time. Frequent
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unilateral pain in migraine patients with unilateral cranial
autonomic symptoms is likely to indicate that the devel-
opment of autonomic symptoms may share common
mechanisms with the pathogenesis of trigeminal autonomic
cephalalgias.
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Introduction

Cranial autonomic symptoms (CAS) such as lacrimation,
conjunctival injection, eyelid edema, and nasal congestion
as well as miosis, ptosis, forehead or facial sweating and
facial flushing are characteristic signs of trigeminal auto-
nomic cephalalgias (TACs). However, they can also be
encountered in migraine patients during headache attacks,
besides the systemic autonomic symptoms like nausea,
vomiting and diarrhea, and represent the activation of the
parasympathetic system. Although it is thought that CAS
occur during migraine attacks due to increased activity of
trigeminal-autonomic reflex that consists of brainstem
connections between the trigeminal nerve and facial para-
sympathetic outflow, pathophysiology of the CAS remains
unclear.

Although, brainstem in migraine and hypothalamic gray
matter in TACs are considered to be responsible for
headache as shown in functional neuroimaging studies [1,
2], migraine and TACs may share common pathophysio-
logical pathways and common symptoms. While CAS have
been reported in patients with migraine [3-9], migrainous
symptoms such as photophobia, phonophobia, nausea, and
vomiting have been reported in patients with cluster
headache [10]. It has been suggested that the presence of
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CAS in migraine patients may be important regarding
treatment approaches and may predict a better response to
triptans [13].

The present study aimed to investigate the frequency of
unilateral CAS (UCAS) during migraine attacks, and to
compare the clinical features of migraine patients with and
without UCAS.

Materials and methods

One hundred and eighty-six consecutive patients, who had
episodic migraine attacks, were prospectively included in
the study. They were diagnosed as having migraine with
and without aura according to the International Classifi-
cation of Headache Disorders-II (ICHD-II) criteria [14].
Patients with chronic migraine, with primary headaches
other than migraine and with secondary headaches were
excluded from the study. Data regarding frequency, dura-
tion, severity, character, localization and laterality of
headache, as well as disease duration, presence of aura, and
aggravation of headache with physical activity were
obtained. In addition, symptoms including nausea, vomit-
ing, photophobia, and phonophobia that accompanied
headache, relation of migraine attacks with menstruation,
family history of migraine and cranial magnetic resonance
(MR) imaging findings were recorded. Severity of head-
ache was scored on a headache severity scale from 1 to 3
(1 = mild, 2 = moderate, 3 = severe). Patients who had
migraine attacks associated with menstruation were clas-
sified as those with pure menstrual migraine or menstrually
related migraine according to the ICHD-II criteria and
these two groups were evaluated together. Small hyperin-
tense lesions located in the periventricular area or in the
deep white matter and clinically silent infarct-like lesions,
which were detected on the cranial MR images (n = 105)
were recorded.

According to the laterality of headache, patients were
divided into three groups as follows: those with unilateral
headache, those with bilateral headache, and those with
both unilateral and bilateral headache (unilateral + bilat-
eral). The patients with unilateral headache were divided
into the following categories: left-sided headache, right-
sided headache, headache more frequent on the left side
than on the right side (left > right), headache more fre-
quent on the right side than on the left side (right > left),
and headache with equal frequency on the left and right
sides (left = right). The patients with unilateral + bilateral
headache were also divided into the above-mentioned
categories based on their unilateral headache. Furthermore,
left-sided headache alone and headache being left > right
were evaluated together as headache with left-side pre-
dominance, whereas right-sided headache alone and
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headache being right > left were evaluated together as
headache with right-side predominance.

All patients were questioned with respect to the presence
of reddening of the eye, lacrimation, eyelid edema, and nasal
congestion during headache attacks, as well as laterality of
these signs and their association with laterality of headache.
CAS was considered positive in the presence of at least one
autonomic symptom, and only those patients with unilateral
CAS were evaluated. Although many of the patients indicated
that they had experienced these symptoms in approximately
more than half of their headache attacks, they could not
specify the exact frequency of the symptoms.

Patients suffering from migraine headache were con-
sulted in the headache center of our clinic and were
informed about the aim of the study. Patient data including
headache history and autonomic symptoms were obtained
by two neurologists (H.G., A.E.C.) via direct interview.
Detailed analyses of the records and data collection were
done by three (authors) neurologists.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS, Inc., Chicago, IL,
USA) version 11.5. The Shapiro—Wilk test was used to test
the normality of continuous variables. Continuous vari-
ables were expressed as mean =+ standard deviation or
median (minimum-maximum), where applicable, whereas
nominal data were expressed as number and percentages.
While the mean differences were evaluated by the Stu-
dent’s 7 test, the Mann—Whitney U test was used to com-
pare the median values. Nominal data were analyzed by the
Pearson Chi-square or Fisher’s Exact tests, where appro-
priate. A p value < 0.05 was considered statistically
significant.

Results

One hundred and eighty-six patients (167 females and 19
males) were included in the study. During migraine attacks,
UCAS occurred in 77 (41.4 %) patients. No significant
differences were found between the patients with and
without UCAS in terms of mean age and gender distribu-
tion (p > 0.05). There was also no significant difference
between these patient groups with respect to the frequency
and character of headache attacks, the rate of attacks with
and without aura, and the rate of patients who experienced
aggravation of headache with physical activity (p > 0.05).
Although, we observed that patients with UCAS had more
severe headaches and longer attack durations as compared
to those without UCAS, statistically significant differences
were not found concerning these symptoms (p = 0.055 and
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p = 0.089, respectively). Moreover, no significant differ-
ences were observed between the patients with and without
UCAS in the frequency of accompanying symptoms
including nausea, vomiting, photophobia and phonophobia,
family history of migraine, and the frequency of lesions on
MR images (p > 0.05). Duration of migraine disease was
found to be longer in the patients with UCAS (p = 0.045).
There was a significant difference between the patients
with and without UCAS in the laterality of headache
(unilateral versus bilateral) (p = 0.001). Headache was
always unilateral in 83.1 % of the patients with UCAS and
in 59.6 % of those without UCAS. Pure menstrual or
menstrually related migraine attacks were more common in
the patient group with UCAS (p = 0.043). Demographic
and clinical characteristics of the patients with and without
UCAS during migraine attacks are presented in Table 1.
As mentioned in the “Materials and Methods” section,
the patients with unilateral and unilateral 4 bilateral

headaches were further classified into subgroups based on
the side of headache. Statistical analysis results for these
subgroups revealed no significant difference between the
patients with and without UCAS.

In the patients with UCAS, eyelid edema alone or in
association with other symptoms was the most common
symptom (51 patients, 66.2 %). Lacrimation in 43 patients
(55.8 %), reddening of the eye in 40 patients (51.9 %) and
nasal congestion in 20 patients (26.0 %) were found. The
prevalence of UCAS in migraine patients is listed in
Table 2.

Of these 77 patients with UCAS, 27 (35.1 %) had only
one UCAS, 27 (35.1 %) had two UCAS, 19 (24.7 %) had
three UCAS and 4 (5.2 %) had four UCAS during migraine
attacks. No significant correlation was observed between
the number of UCAS and the individual characteristics of
migraine attacks except for vomiting (p = 0.009) as shown
in Table 3.

Table 1 Demographic and clinical characteristics of patients with and without unilateral cranial autonomic symptoms

Patients without UCAS (n = 109) Patients with UCAS (n = 77) 4

Age (years, mean = SD) 357+£94 37.1 £95 0.331
Gender

Male 11 (10.1 %) 8 (10.4 %) 0.947

Female 98 (89.9 %) 69 (89.6 %)
Type of migraine

Migraine with aura 39 (35.8 %) 36 (46.8 %) 0.133

Migraine without aura 70 (64.2 %) 41(53.2 %)
Duration of migraine (years) 6 (0.25-40) 10 (0.5-43) 0.045
Frequency of headache (no/month) 4 (1-14) 3 (0.5-14) 0.153
Duration of attack (h) 24 (4-72) 30 (4-72) 0.089
Headache severity

Mild-moderate 30 (27.5 %) 12 (15.6 %) 0.055

Severe 79 (72.5 %) 65 (84.4 %)
Laterality of headache

Unilateral 65 (59.6 %) 64 (83.1 %) 0.001

Unilateral + bilateral 20 (18.3 %) 10 (13.0 %)

Bilateral 24 (22.0 %) 3 (3.9 %)
Throbbing pain 103 (94.5 %) 68 (88.3 %) 0.127
Aggravation by physical activity 96 (88.1 %) 71 (92.2 %) 0.359
Nausea 95 (87.2 %) 67 (87.0 %) 0.977
Vomiting 51 (46.8 %) 40 (51.9 %) 0.488
Photophobia 90 (82.6 %) 67 (87.0 %) 0411
Phonophobia 91 (83.5 %) 68 (88.3 %) 0.357
Pure menstrual or menstrually related migraine 53 (48.6 %) 49 (63.6 %) 0.043
Presence of lesion on MRI 16 (25.4 %) 16 (38.1 %) 0.166
Family history of migraine 55 (50.5 %) 41 (53.2 %) 0.708

UCAS unilateral cranial autonomic symptoms, MRI magnetic resonance imaging

Data are presented as mean =+ standard deviation, n (%) or median (minimum-maximum), where appropriate
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Table 2 Prevalence of
unilateral cranial autonomic
symptoms in migraine patients

Autonomic symptoms n (%)
Eyelid edema 13 (16.9)
Lacrimation 8 (10.4)
Reddening of the eye 3(3.9)
Nasal congestion 339
Reddening of the eye + lacrimation 10 (13.0)
Reddening of the eye + eyelid edema 8 (10.4)
Lacrimation + eyelid edema 4 (5.2)
Nasal congestion + eyelid edema 4 (5.2)
Reddening of the eye 4+ nasal congestion 1(1.3)
Reddening of the eye + lacrimation + eyelid edema 11 (14.3)
Lacrimation + nasal congestion + eyelid edema 5(6.5)
Reddening of the eye + nasal congestion + eyelid edema 2 (2.6)
Reddening of the eye + lacrimation + nasal congestion 1(1.3)
Reddening of the eye + lacrimation + nasal congestion + eyelid edema 4(5.2)

Table 3 Correlation between the number of UCAS and the clinical characteristics of migraine patients

One UCAS (n =27) Two UCAS (n =27) Three or more UCAS (n =23) p

Age (years, mean = SD) 34.07 £ 10.095 39.22 £ 7.832 38.09 £ 9.917 0.122
Gender

Male 3(11.1 %) 3 (11.1 %) 2 (8.7 %) 0.951

Female 24 (89.9 %) 24 (89.9 %) 21 (91.3 %)
Type of migraine

Migraine with aura 10 (37 %) 12 (44.4 %) 14 (60.9 %) 0.232

Migraine without aura 17 (63 %) 15 (55.6 %) 9 (39.1 %)
Duration of migraine (years) 10 (2-43) 8 (1-30) 11 (1-35) 0.822
Frequency of headache (no/month) 3 (1-10) 3 (1-12) 4 (1-14) 0.623
Duration of attack (h) 30 (4-72) 48 (4-72) 24 (8-72) 0.399
Headache severity

Mild-moderate 5 (18.5 %) 4 (14.8 %) 3 (13 %) *

Severe 22 (81.5 %) 23 (85.2 %) 20 (87 %)
Laterality of headache

Unilateral 20 (74.1 %) 25 (92.6 %) 19 (82.6 %)

Unilateral + bilateral 5 (18.5 %) 2 (7.4 %) 3 (13 %) *

Bilateral 2 (7.4 %) 0 (0 %) 1 4.3 %)
Throbbing pain 25 (92.6 %) 24 (88.9 %) 19 (82.6 %) *
Aggravation by physical activity 23 (85.2 %) 25 (92.6 %) 23 (100 %) *
Nausea 23 (85.2 %) 23 (85.2 %) 21 (91.3 %) *
Vomiting 10 (37 %) 12 (44.4 %) 18 (78.3 %) 0.009
Photophobia 23 (85.2 %) 26 (96.3 %) 18 (78.3 %) *
Phonophobia 22 (81.5 %) 26 (96.3 %) 20 (87 %) *
Pure menstrual or menstrually related migraine 15 (55.6 %) 19 (70.4 %) 15 (65.2 %) 0.518
Presence of lesion on MRI 4 (28.6 %) 7 (50 %) 5 (35.7 %) 0.493
Family history of migraine 18 (66.7 %) 13 (48.1 %) 10 (43.5 %) 0.210

UCAS unilateral cranial autonomic symptoms, MRI magnetic resonance imaging

Data are presented as mean =+ standard deviation, n (%) or median (minimum-maximum), where appropriate

* The Pearson Chi-square test was not applied to these variables because of inadequate number
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Discussion

In the present study, UCAS were detected during headache
in 41.4 % of the patients with migraine. In the previous
studies, UCAS had been reported to accompany headache
in 27-46 % of migraine patients [3-5]. The frequency of
CAS had been reported to be 52-73 % in the studies
evaluating CAS during migraine attacks [5-7].

In our study, it was demonstrated that duration of dis-
ease was significantly longer in the patients with UCAS as
compared to those without UCAS. Duration of headache
attacks was also longer in patients with UCAS; however, a
statistically significant difference was not found between
these two groups of patients. Although we clinically
observed that the patients with UCAS had more severe
headaches as compared to those without UCAS, a statisti-
cally significant difference between the severity of the pain
and the presence of UCAS could not be obtained. It should
be emphasized, however, that p value (p = 0.055) of the
related statistical analysis was found only slightly over the
threshold. It may be expected to observe lacrimation, a type
of CAS, when even a healthy person is exposed to a very
strong pain. Similarly, the severity of pain during the
migraine attacks might be expected to be related to such
cranial autonomic symptoms. A positive association
between the presence of UCAS and severity of pain had
also been determined [3, 4]. The development of CAS
during headache attacks had been reported to be associated
with long-lasting disease, length of headache episodes, and
accompanying phonophobia [5]. It had been proposed that
longer pain periods and long-lasting disease with frequent
attacks may induce central sensitization of the trigeminal
nucleus, and consequently may facilitate the trigeminal-
autonomic reflex [5]. Moreover, it had been stated that,
over a certain threshold of pain, the trigeminal-autonomic
reflex can be activated and CAS may occur [15].

The present study demonstrated that headache was
usually unilateral (83.1 %) in the patients with UCAS.
Headache was bilateral only in 3.9 % of the patients in this
group. Association between presence of UCAS and uni-
lateral pain had also been reported in the previous studies
[3, 4, 9]. Frequent unilateral pain in migraine patients with
UCAS is likely to indicate that the development of auto-
nomic symptoms may share common mechanisms with the
pathogenesis of TACs.

It had been suggested that autonomic control of the
cardiovascular system by the cerebral hemispheres is
asymmetric; the left hemisphere dominantly affects para-
sympathetic function, whereas the right hemisphere dom-
inantly affects sympathetic function [16, 17]. In a study
evaluating autonomic reactivity during pain-free periods in
migraine patients, increased parasympathetic activity had
been reported in response to headache in left-sided

migraineurs as compared to right-sided migraineurs [18].
However, we did not demonstrate a significant difference
between the patients with and without UCAS in terms of
frequency of right-sided or left-sided headache. Similarly,
in another study, the side of headache was not found to be
related with the prevalence of CAS [5].

To the best of our knowledge, association of menstru-
ation with the presence of CAS has not been established
well in migraine patients yet. On the other hand, based on a
limited amount of data concerning the association between
TACSs and menstruation, it was found that menstruation has
no significant effect on cluster headache [19-22]. However,
it is also known that ovarian hormones influence the
autonomic nervous system [23]. Indeed, as revealed in our
study, pure menstrual or menstrually related migraine
attacks were more common in the patients with UCAS
supporting the thought that menstruation-related hormonal
factors might have a triggering role on the trigeminal-
autonomic reflex pathway.

Presence of CAS during migraine attacks reflects the
involvement of the cranial parasympathetic system. It had
been suggested that increased activity of the trigeminal-
autonomic reflex pathway is responsible for the parasym-
pathetic autonomic signs in TACs. This reflex pathway
consists of brainstem connections between the trigeminal
nerve and facial parasympathetic outflow. While the
afferent arm of the reflex is composed of trigeminocaudal
nucleus fibers, to which nociceptive input reaches, the
efferent arm is composed of vasomotor and secretomotor
fibers, which arise from the superior salivatory nucleus via
the facial nerve. The afferent arm is active in migraine,
whereas the efferent arm is active in cluster headache [15,
24]. In addition to the afferent arm of the reflex, hyperac-
tivity of parasympathetic efferent arm might be responsible
for autonomic symptoms in patients with migraine.

Common autonomic symptoms and unilateral pain are
observed both in patients with migraine and in patients
with cluster headache; and they all benefit from the same
pain relieving treatments. All these observations indicate
that migraine and TACs may share a common pathophys-
iological pathway. However, functional neuroimaging
studies showing brainstem activation during migraine and
hypothalamic gray matter activation during TACs do not
corroborate this hypothesis and indicate that migraine and
TACs have different pathogenesis [1, 2]. Nonetheless, in a
recent positron emission tomography (PET) study, hypo-
thalamic activity in addition to brainstem activation had
been reported during spontaneous attacks in migraine
patients without aura [25]. This finding, together with
neuroendocrine studies and certain features of clinical
presentation of migraine, indicates that hypothalamus also
plays a role in the pathophysiology of migraine. The
development of CAS during migraine attack also supports
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the hypothalamic effect [26]. Functional neuroimaging
studies to be performed on migraine patients with CAS
might be beneficial in terms of illuminating the patho-
physiology of this type of migraine.

The reason for the development of CAS only in certain
migraine patients, causes for the activation of the trigem-
inal-autonomic reflex, or factors changing the threshold
that is necessary for activation of this reflex have not been
clarified yet. It was demonstrated in our study that UCAS
was rather frequent in migraine patients and that clinical
characteristics of migraine were not so different in
migraine patients with UCAS as compared to those without
UCAS. However, migraine patients with UCAS had longer
disease duration; and their headache was mostly unilateral
and influenced by menstruation.
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