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Abstract 

Background: Cranial autonomic symptoms (CASs) during migraine attacks are reported to be quite common regard-
less of ethnicity. In our previous study investigating 373 migraineurs, we found that 42.4% of them had CASs. The 
patients with CASs more frequently had cutaneous allodynia than did those without CASs, and we speculated that 
CASs were associated with central sensitization. The present study searched for substantial evidence on the relation-
ship between CASs and central sensitization in migraine patients.

Methods: This was a prospective cross-sectional study. We studied a new independent cohort of 164 migraineurs 
who presented to the Tominaga Hospital Headache Center from July 2018 until December 2019. The clinical features 
of CASs according to the criteria in ICHD-3 (beta) were investigated. We also evaluated central sensitization based on 
the 25 health-related symptoms utilizing the validated central sensitization inventory (CSI), and each symptom was 
rated from 0 to 4 resulting a total score of 0–100.

Results: The mean age was 41.8 (range: 20 to 77) years old. One hundred and thirty-one patients (78.9%) were 
women. Eighty-six of the 164 (52.4%) patients had at least 1 cranial autonomic symptom. The CSI score of the patients 
with ≥3 CASs reflected a moderate severity and was significantly higher than in those without CASs (41.9 vs. 30.7, 
p = 0.0005). The score of the patients with ≥1 conspicuous CAS also reflected a moderate severity and was signifi-
cantly higher than in those without CASs (40.7 vs. 33.2, p = 0.013). The patients in the CSI ≥40 group had lacrimation, 
aural fullness, nasal blockage, and rhinorrhea, which are cranial autonomic parasympathetic symptoms, significantly 
more frequently than those in the CSI < 40 group.

Conclusions: Migraine patients with CASs showed significantly greater central sensitization than those without such 
symptoms. In particular, cranial parasympathetic symptoms were more frequent in centrally sensitized patients than 
in nonsensitized patients, suggesting that cranial parasympathetic activation may contribute to the maintenance of 
central sensitization.

Trial registration: This study was retrospectively registered with UMIN-CTR on 29 Aug 2020 (UMIN0 00041 603).
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Background
Migraine is a disabling primary headache disorder 
with not only head pain but also various neurological 
symptoms [1]. Cranial autonomic symptoms (CASs), 
such as lacrimation, conjunctival injection, and nasal 
congestion, are important clinical characteristics of 
trigeminal autonomic cephalalgias (TACs). They also 
are part of the diagnostic criteria of TACs included in 
the third edition of international classification of head-
ache disorders (ICHD-3) [1]. However, CASs are not 
mentioned in the migraine diagnostic criteria, despite 
such symptoms being quite common during migraine 
attacks, regardless of ethnicity [2–9].

In our previous study, the patients with CASs more 
frequently had cutaneous allodynia than those with-
out CASs, and we suggested that CASs were associ-
ated with central sensitization (CS) [9]; however, the 
validated central sensitization inventory (CSI) was not 
used in that investigation; therefore, the assessment of 
CS did not have substantial evidence.

The validated CSI is a comprehensive screening tool for 
evaluating the symptoms of central sensitivity syndromes 
(CSSs). CSSs are an overlapping, similar group of syn-
dromes that lead to hypersensitivity, including allodynia 
[10, 11]. CSSs includes migraine, fibromyalgia, irritable 
bowel syndrome, chronic fatigue syndrome, temporoman-
dibular joint disorder, restless leg syndrome, and multiple 
chemical sensitivities. Especially in migraine, nearly 80% 
of patients are reported to experience allodynia; migraine 
is therefore recognized as one of the main components of 
CSSs [11–14]. Other syndromes, such as chronic wide-
spread pain, interstitial cystitis, endometriosis, vulvo-
dynia, and chronic pelvic pain, are also included among 
CSSs. Furthermore, chronic musculoskeletal pain condi-
tions, such as persistent neck pain and low back pain, are 
also known to be observed with hypersensitivity induced 
by CS [11, 14]. CSSs have many common features, such as 
pain, fatigue, insomnia, anxiety and depression, suggest-
ing the possibility that they are at least partly induced by a 
common root etiology of CS [10].

In the present study, we investigated a new independ-
ent cohort to obtain substantial evidence concerning 
the relationship between CS and CASs and evaluated 
CS severity in migraine using the validated Japanese 
version of the CSI [11]. We hypothesized that the CS 
severity would be greater in migraine patients with 
CASs than in those without CASs.

Methods
In this prospective cross-sectional study, we investigated 
episodic and chronic migraine patients who were seen at 
the headache center of Tominaga Hospital from July 2018 

to December 2019. The inclusion criteria were inpatients 
or outpatients 20 to 79 years old who met the criteria of 
ICHD-3 (beta) for 1.1 Migraine without Aura, 1.2 Migraine 
with Aura and 1.3 Chronic Migraine [15]. Patients who 
also had medication overuse headache (MOH) were eligi-
ble. We excluded secondary headache patients except for 
MOH. TACs patients were also excluded.

On Visit 1, written informed consent for inclusion in the 
study was obtained from each patient. After the patients 
agreed, they received a questionnaire investigating their 
clinical features of migraine, including CASs. The ques-
tionnaire had a structured format and included CASs 
according to the criteria in ICHD-3 (beta): a) conjunctival 
injection, b) lacrimation, c) nasal congestion, d) rhinor-
rhea, e) eyelid edema, f ) forehead and facial sweating, g) 
forehead and facial flushing, h) sensation of fullness in the 
ear, i) miosis, and j) ptosis. The participants also received 
the CSI form, which consists of two sections (Parts A and 
B). Part A assesses 25 health-related symptoms common 
to CSSs, with each response rated on a scale of Never (0), 
Rarely (1), Sometimes (2), Often (3) or Always (4), giving 
a potential total score of 0–100. CS severity was defined 
in accordance with the CSI score as follows: subclinical 
(0–29), mild (30–39), moderate (40–49), severe (50–59) 
and extreme (60–100) [16]. Part B assesses whether or not 
one or more specific disorders of CSSs, as well as related 
disorders, such as anxiety and depression, have been diag-
nosed previously by a physician [10, 11].

Before Visit 2, patients were requested to complete 
these questionnaires. They were instructed to answer the 
questions about CASs during the interictal period after 
the migraine attack. On Visit 2, one of the headache spe-
cialists (TT, DD, SK, or KI) carefully re-checked each 
filled-out questionnaire with the patient to reconfirm 
their symptoms. We stressed that it was critical for the 
patients to ensure that only CASs associated with head-
ache attacks were included.

Statistical analyses
The data were pooled in a datasheet using the Excel soft-
ware program (Microsoft Excel, Microsoft Corporation, 
Redmond, WA, USA). We used the Kolmogorov-Smirnov 
test to assess the normality assumption. We checked the 
homoscedasticity for two and three groups using the 
F-test and Bartlett’s test, respectively. We evaluated the 
differences between two groups using an independent 
sample t-test. To compare the means of three groups and 
perform an ad hoc analysis, a one-way analysis of vari-
ance and Tukey’s test were used, respectively. Nominal 
variables associations were evaluated by the χ2 test. Each 
analysis was conducted with a threshold P-value of 0.05 
(2-tailed) using the EZR software program [17].
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The Tominaga Hospital Ethics Committee approved 
the protocol. We obtained written informed consent 
from all participants.

Results
One hundred and sixty-five patients met the eligibility 
criteria; however, one patient refused to participate in 
this study. Therefore, 164 migraineurs were enrolled. The 
mean age was 41.8 (range: 20 to 77) years old. One hun-
dred and thirty-one patients (78.9%) were women. Fifty-
three patients had episodic migraine (EM), and 111 had 
chronic migraine (CM) (Table 1).

The average score of the CSI (Part A) was 34.2 (stand-
ard deviation [SD]: 13.1). Moderate to severe sensitiza-
tion was noted in 47 out of 164 patients (28.7%), and 6 
patients (3.7%) had extreme central sensitization. In 
terms of the diagnosis of CSSs (Part B), all patients had 
migraine due to the inclusion criteria, and temporoman-
dibular joint disorder and irritable bowel syndrome were 
noted in 20 patients (12.2%) and 17 patients (10.4%), 
respectively. Anxiety or panic attacks and depression 
were also reported in 18 patients (11.0%) and 31 patients 
(18.9%), respectively (Table 2).

The breakdown and average scores of 25 health-related 
symptoms are shown in Fig. 1. In addition to headache, 
the items ‘unrefreshed in the morning’, ‘muscle stiffness’, 
‘diarrhea/constipation’, ‘sensitive to light’, ‘easily tired’, ‘do 
not sleep well’, ‘stress makes symptoms worse’, ‘energy is 
low’, ‘sad/depressed’, and ‘tension in the neck/shoulder’ 
showed relatively high ratings.

The CSI score of CM was higher than that of EM; how-
ever, the difference did not reach statistical significance 
(35.6 vs. 31.4, p = 0.054). We also detected no significant 
differences in the CSI score between, MOH and non-
MOH, unilateral headache and bilateral headache, or pul-
sating and non-pulsating. The CS severity was relatively 
mild in the patients whose numerical rating scale (NRS) 
was < 8, even during their maximum attack (CSI 30.7). 
The CSI score in the patients with an attack duration 

exceeding 72 h during their maximum attack was signifi-
cantly higher than in patients with a duration < 24 h (42.7 
vs. 30.6, p = 0.004) (Table 3).

Eighty-six of the 164 (52.4%) patients had at least 1 
CAS. Regarding the details of the CASs, lacrimation 
was most common, being seen in 33 (20.1%) patients, 
followed by aural fullness in 27 (16.5%) patients, eyelid 
edema in 23 (14.0%) patients, forehead and facial sweat-
ing in 23 (14.0%) patients, nasal blockage in 20 (12.2%) 
patients, rhinorrhea in 20 (12.2%) patients, and conjunc-
tival injection in 19 (11.6%) patients. Most of the cases 
had mild symptoms (Fig. 2). Among the patients who had 
CASs, 70.9% had < 3 autonomic symptoms (Fig. 3).

The CSI score of the patients with ≥3 CASs reflected 
a moderate severity and was significantly higher than in 
those without CASs (41.9 vs. 30.7, p = 0.0005). The score 
of the patients with ≥1 conspicuous CAS also reflected 
a moderate severity and was significantly higher than in 
those without such symptoms (40.7 vs. 33.2, p = 0.013). 
The patients with ‘CAS consistency >80%’ and ‘unilateral 
CASs’ had a higher CSI score than those without them 
(46.8 and 40.5 respectively); however, the difference was 
not significant (Table 4).

The patients in the CSI ≥40 group more frequently had 
CASs of lacrimation, aural fullness, nasal blockage and 

Table 1 Patient demographics (n = 164)

EM episodic migraine, MO migraine without aura, MA migraine with aura, CM 
chronic migraine, MOH medication overuse headache

Age at study (years ± SD) 41.8 ± 13.0

Cases (%)
Females 131 (78.9%)
EM MO 42 (25.6%)

MO with MA 9 (5.5%)
Exclusive MA 2 (1.2%)

CM with MOH 67 (40.9%)
CM without MOH 44 (26.8%)

Table 2 Prevalence rates of CS severity and frequency of 
diagnoses

CS central sensitization, CSI central sensitization inventory
a We failed to collect the Part B questionnaire from 2 patients; however, all cases 
were migraine cases; hence, the number of ‘Migraine or tension headaches’ was 
164

N (%)

Central Sensitization Inventory: Part A (CSI score)
 Complete cases 164/164 (100.0)
 Subclinical (0–29) 62/164 (37.8)
 Mild (30–39) 49/164 (29.9)
 Moderate (40–49) 30/164 (18.3)
 Severe (50–59) 17/164 (10.4)
 Extreme (>  60) 6/164 (3.7)
Central Sensitization Inventory: Part B (Diagnoses)
 Complete cases 162/164 (98.8)
 Restless leg syndrome 6/164 (3.7)
 Chronic fatigue syndrome 2/164 (1.2)
 Fibromyalgia 2/164 (1.2)
 Temporomandibular joint disorder 20/164 (12.2)
 Migraine or tension headaches 164/164 (100.0) a

 Irritable bowel syndrome 17/164 (10.4)
 Multiple chemical sensitivities 0/164 (0.0)
 Neck injury (including whiplash) 13/164 (7.9)
 Anxiety or panic attacks 18/164 (11.0)
 Depression 31/164 (18.9)
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rhinorrhea than those in the CSI < 40 group (Table 5). All of 
the CASs that were more frequent in the CSI ≥40 group were 
cranial autonomic parasympathetic symptoms (CApSs). In 
terms of bothersome symptoms, phonophobia, osmophobia, 
and allodynia were more frequent in the CSI ≥40 group than 
in the CSI < 40 group. The rate of interictal photophobia was 
also significantly higher in the CSI ≥40 group than in the CSI 
< 40 group (49.1 vs. 22.5, p = 0.001) (Table 6).

Missing data
Some patients were unable to recall their illness duration, 
headache characteristics or CASs characteristics, so we 

stated the number of complete cases for each item in the 
tables. We also failed to collect the Part B questionnaire from 
2 patients; however, all cases were migraine cases, therefore 
the number of ‘Migraine or tension headaches’ was 164.

Discussion
CSI
CS is a physiological phenomenon in which the central 
circuits become hypersensitive to both harmful and non-
harmful stimuli [18]. Quantitative Sensory Testing (QST) 
is a direct CS measurement tool including static and 
dynamic examinations; however, its applicability in clini-
cal practice remains low due to its high cost [10, 11].

Fig. 1 The average score for each item of the central sensitization inventory: Part A (n = 164). Each item is listed from 1 to 25, in accordance with 
the original inventory [10]. Items were measured on a 5-point temporal Likert scale with the numeric rating scale as follows: 0-Never, 1-Rarely, 
2-Sometimes, 3-Often and 4-Always. The cumulative score ranges from 0 to 100. The error bars show the standard error of the items [10, 11]
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The validated CSI consists of Part A to assess 25 
health-related symptoms and Part B inquiring regarding 
previous diagnoses with major CSSs as well as related 

disorders of anxiety and depression [10].. In a previ-
ous study investigating the patients who were referred 
to an interdisciplinary pain clinic, 74% had CSSs, and 

Table 3 CSI score: headache background and characteristics

CSI central sensitization inventory, SD standard deviation, CM chronic migraine, EM episodic migraine, MOH medication overuse headache, NRS Numerical Rating Scale
† p < 0.05 ††p < 0.01

Cases (%) CSI score ± SD p value

Headache background
 Chronification Complete cases 164/164 (100.0)

CM 111/164 (67.7) 35.6 ± 13.4 0.054
EM 53/164 (32.3) 31.4 ± 12.3

 Medication overuse Complete cases 164/164 (100.0)
MOH 68/164 (41.5) 35.3 ± 14.7 0.378
non-MOH 96/164 (58.5) 33.5 ± 11.9

 Aura Complete cases 164/164 (100.0)
with aura 27/164 (16.5) 37.1 ± 13.6 0.210
without aura 137/164 (83.5) 33.7 ± 13.0

 Illness duration Complete cases 160/164 (97.6)
<  5 years 11/164 (6.7) 35.4 ± 11.1 0.939
5–10 years 18/164 (11.0) 33.8 ± 17.2
>  10 years 131/164 (79.9) 33.9 ± 12.8

 Sex Complete cases 164/164 (100.0)
Male 33/164 (20.1) 31.1 ± 14.2 0.124
Female 131/164 (79.9) 35.0 ± 12.8

Headache characteristics
 Pain location Complete cases 159/164 (97.0)

Unilateral: (strictly unilateral/unilat-
eral side variable)

53/164 (32.3) 33.7 ± 12.3 0.932

Bilateral: (always bilateral/bilateral 
but sometimes unilateral)

106/164 (64.6) 33.9 ± 13.4

 Pain quality Complete cases 163/164 (99.4)
Pulsating 110/164 (67.1) 33.7 ± 13.0 0.604
Non-pulsating 53/164 (32.3) 34.9 ± 13.4

 Pain severity Complete cases 162/164 (98.8)
 Maximum attack NRS 8 out 10 or more 116/164 (70.7) 35.7 ± 12.7 0.028†

Less than 8 out of 10 46/164 (28.0) 30.7 ± 13.4
 Usual attack NRS 8 out 10 or more 15/164 (9.1) 33.4 ± 14.3 0.792

Less than 8 out of 10 147/164 (89.6) 34.3 ± 12.9
Attack duration Complete cases 152/164 (92.7)
 Maximum <  24 h 61/164 (37.2) 30.6 ± 11.7 0.004††

24–72 h 76/164 (46.3) 34.5 ± 13.4
> 72 h 15/164 (9.1) 42.7 ± 13.7
Post hoc: <  24 h vs. > 72 h 0.004††

 Usual <  24 h 104/164 (63.4) 32.2 ± 12.1 0.077
24–72 h 45/164 (27.4) 37.0 ± 14.9
> 72 h 3/164 (1.8) 41.0 ± 13.1

 Usual headache frequency (mod-
erate to severe)

Complete cases 139/164 (84.8)

<  1 day/month 12/164 (7.3) 31.1 ± 15.1 0.069
1–10 days/month 106/164 (64.6) 33.8 ± 12.5
> 10 days/month 21/164 (12.8) 40.5 ± 15.9
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the most frequent diagnosis was migraine/tension-type 
headache. A receiver operating characteristic (ROC) 
analysis in the study showed that the cut-off CSI score 
was 40 for distinguishing patients with CSSs from the 
controls, with a sensitivity of 81% and specificity of 
75% [18]. The validated severity levels for CSI were also 
established in another study analyzing 167 patients 
with CSSs, of whom 58 were diagnosed with migraine/
tension-type headache [16]. Furthermore, in a study 
using the CSI as a tool to evaluate CS in migraine, they 
found that migraine patients with CS had higher rates of 
RLS than those without CS, and migraine patients were 
three times more likely to have CS than healthy sub-
jects [13]. These findings suggest that the CSI is a useful 
and practical tool for evaluating CS in CSSs, including 
migraine.

CASs and CS
In this study, we found that migraine patients with ‘at 
least three CASs’ or ‘at least one conspicuous CAS’ 
had a moderate level of CS, and their centrally sen-
sitized levels were significantly higher than in those 
without these issues. It was reported at a tertiary head-
ache center in Italy that the patients with CASs more 
frequently had allodynia and photophobia, which are 
related to CS, than those without CASs [4]. In our pre-
vious study, CAS patients were also found to have allo-
dynia more frequently than those without CASs (31.6% 
vs. 17.2%, p = 0.001); however, no significant differences 
were reported in the rates of throbbing pain or motion 
sensitivity as signs of peripheral sensitization [9]. Given 
these findings, CASs in migraine may induce central 
sensitization.

Fig. 2 The details of cranial autonomic symptoms (n = 86). Dark-gray bars show conspicuous symptoms. The most frequent cranial autonomic 
symptom was lacrimation, followed by aural fullness, oedema, forehead and facial sweating, nasal blockage, rhinorrhea and conjunctival injection. 
Most of the symptoms were mild



Page 7 of 11Danno et al. BMC Neurology           (2022) 22:89  

Fig. 3 The number of cranial autonomic symptoms (n = 86). Seventy percent of the patients with CASs had fewer than three autonomic 
symptoms. CASs: cranial autonomic symptoms

Table 4 CSI score: cranial autonomic symptoms

CSI central sensitization inventory, SD standard deviation, CAS cranial autonomic symptoms
† p < 0.05 ††p < 0.01

Cases (%) CSI score ± SD p value

Cranial autonomic symptoms
Number of CAS Complete cases 164/164 (100)

0 78/164 (47.6) 30.7 ± 10.9 0.000††

(0.00047)1–2 61/164 (37.2) 35.7 ± 13.4
3–10 25/164 (15.2) 41.9 ± 15.3
Post hoc: 0 vs. 3–10 0.000††

(0.00048)
At least one conspicuous CAS Complete cases 164/164 (100)

Yes 22/164 (13.4) 40.7 ± 16.2 0.013†

No 142/164 (86.6) 33.2 ± 12.4
CAS consistency (86 cases) Complete cases 65/86 (75.6)

<  30% 17/86 (19.8) 36.8 ± 17.1 0.129
30–80% 37/86 (43.0) 38.1 ± 12.2
>  80% 11/86 (12.8) 46.8 ± 11.7

CAS laterality
(86 cases)

Complete cases 82/86 (95.3)

Unilateral 35/86 (40.7) 40.5 ± 13.1 0.056
Bilateral 47/86 (54.7) 34.5 ± 14.5



Page 8 of 11Danno et al. BMC Neurology           (2022) 22:89 

Cranial parasympathetic contributions to CS
Among the CASs in ICHD-3 beta, forehead and facial 
sweating and forehead and facial flushing are caused by 
the sympathetic nervous system at least in some part of 
their mechanisms, while miosis and ptosis are consid-
ered the results of secondary sympathetic hypofunction. 
The CApSs, namely conjunctival injection, lacrimation, 
oedema, nasal blockage, rhinorrhea, and aural fullness, 
are the symptoms induced by parasympathetic activa-
tion. In a study establishing a numerical scale evaluating 
CApSs, these symptoms appeared in about 80% of the 
patients with CM during headache attacks, and the CApS 
numerical scale was concluded to be useful for evaluating 
parasympathetic activation [5].

In terms of pathophysiology of CASs in migraine, pain 
signals from the trigeminal nerve (the fifth cranial nerve: 
CN V) first activate the dorsal raphe nuclei (DRN) and 
periaqueductal gray (PAG) in the brainstem. They are 
then transmitted to the locus coeruleus (LC) in the ipsi-
lateral pons, and the activated LC stimulates the ipsi-
lateral superior salivatory nucleus (SSN). Some nerves 
from the CN V also stimulate the ipsilateral SSN directly, 
and this causes the activation of the efferent pathway 
of the trigeminal-autonomic reflex passing through the 
sphenopalatine ganglion (SPG) [19]. In a previous study, 
most of the severe migraine cases developed cutaneous 

Table 5 Cranial autonomic symptoms

CSI central sensitization inventory
† p < 0.05 ††p < 0.01

CSI ≥ 40 CSI < 40 p value

Lacrimation Complete cases 164/164 (100.0)
16/53 (30.2%) 17/111 (15.3%) 0.044†

Aural fullness Complete cases 164/164 (100.0)
14/53 (26.4%) 13/111 (11.7%) 0.032†

Oedema Complete cases 164/164 (100.0)
11/53 (20.8%) 12/111 (10.8%) 0.140

Forehead and facial sweating Complete cases 164/164 (100.0)
9/53 (17.0%) 14/111 (12.6%) 0.608

Nasal blockage Complete cases 164/164 (100.0)
11/53 (20.8%) 9/111 (8.1%) 0.039†

Rhinorrhea Complete cases 164/164 (100.0)
12/53 (22.6%) 8/111 (7.2%) 0.010†

Conjunctival injection Complete cases 164/164 (100.0)
8/53 (15.1%) 11/111 (9.9%) 0.478

Ptosis Complete cases 164/164 (100.0)
6/53 (11.3%) 9/111 (8.1%) 0.706

Forehead and facial flushing Complete cases 164/164 (100.0)
7/53 (13.2%) 7/111 (6.3%) 0.238

Miosis Complete cases 164/164 (100.0)
2/53 (3.8%) 0/111 (0.0%) 0.194

Table 6 Migrainous symptoms

CSI central sensitization inventory
† p < 0.05 ††p < 0.01

CSI ≥ 40 CSI < 40 p value

Migrainous symptoms
Photophobia Complete cases 164/164 (100.0)

36/53 (67.9%) 70/111 (63.1%) 0.664
Interictal photophobia Complete cases 164/164 (100.0)

26/53 (49.1%) 25/111 (22.5%) 0.001††

Phonophobia Complete cases 164/164 (100.0)
41/53 (77.4%) 67/111 (60.4%) 0.049†

Osmophobia Complete cases 164/164 (100.0)
32/53 (60.4%) 37/111 (33.3%) 0.002††

Nausea Complete cases 164/164 (100.0)
39/53 (73.6%) 81/111 (73.0%) 1.000

Vomiting Complete cases 164/164 (100.0)
22/53 (41.5%) 40/111 (36.0%) 0.614

Motion sensitivity Complete cases 164/164 (100.0)
41/53 (77.4%) 81/111 (73.0%) 0.681

Cutaneous allodynia Complete cases 164/164 (100.0)
18/53 (34.0%) 20/111 (18.0%) 0.039†
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allodynia, and SPG block using lidocaine decreased the 
pain but did not relieve the allodynia. These results indi-
cated that increased cranial parasympathetic signals 
activated the nociceptors of the dural vessels, and these 
activated nociceptors induced the head pain and CS; 
however, the increased parasympathetic signals did not 
maintain CS [20].

Interestingly, in our study, the rates of miosis and pto-
sis, which are cranial autonomic sympathetic symptoms, 
did not differ markedly between the CSI ≥40 and CSI 
< 40 groups. In contrast, all CApSs except for conjunc-
tival injection were significantly frequent in the patients 
with CSI ≥40 than in those with CSI < 40 (Table  5). 
These findings may be interpreted in a couple of ways: 
trigemino-vascular system (TVS) activation induced by 
recurrent pain stimulation may induce CS and activation 
of the cranial parasympathetic system in parallel; alterna-
tively, cranial parasympathetic system activation induced 
by the activated TVS may cooperate with recurrent pain 
stimulation to induce CS. We further speculated that the 
TVS and cranial parasympathetic system may become 
sensitized in parallel during the course of a long migraine 
history, and the hyperexcitability of both systems may 
activate each other and maintain CS. However, further 
studies will be needed to elucidate the true contribution 
of CApSs to CS.

CS and responsiveness to triptans
Migraine patients who never developed allodynia were 
reported to respond well to triptans [21]. It is also 
reported that chronic migraine patients had lower pain 
thresholds than episodic migraine patients, and CS is 
considered to be one of the reasons for non-respon-
siveness to triptans [22]. On the other hand, migraine 
patients with CASs have reported to respond to triptans 
well, and the presence of CASs can be a predictor of 
the responsiveness to triptans [23, 24]. Furthermore, 
in a study of migraine patients, 5 out of 10 respond-
ers to rizatriptan had at least 1 CAS, which were not 
reported in the 10 non-responders. Responders also 
showed higher levels of calcitonin gene-related peptide 
(CGRP) which is a potential trigeminal marker, and in 
the patients with CASs, the parasympathetic marker 
of vasoactive intestinal polypeptide (VIP) was detected 
at baseline, the levels of which were reduced after riza-
triptan administration [25]. The authors speculated 
that the trigemino-parasympathetic reflex was over-
activated in migraine patients with CASs, and the acti-
vation strongly recruited the peripheral neurovascular 
5-HT1B/1D receptors that are the target of triptans. We 
therefore identified an apparent paradox between the 
fact that CS in migraine was found to be related to non-
responsiveness to triptans and that migraine with CASs 

was found to be related to CS. In the present study, we 
did not investigate the responsiveness to triptans; how-
ever, one possible interpretation is that there might be 
some type of CS (e.g. allodynia-dominant type, CAS-
dominant type, etc.) that depends on the extent of sen-
sitization. Further prospective studies will be needed 
in order to clarify the triptan responses in migraine 
patients with CASs in accordance with the CSI level and 
thereby our understanding of the underlying mecha-
nism of CS.

Strengths and limitations
The strength of the present study is that we obtained sub-
stantial evidence supporting the relationship between 
CS and CASs using the validated CSI in a relatively large 
sample of migraineurs for the first time.

However, several limitations associated with the pre-
sent study warrant mention. All of the data were col-
lected in the interictal periods; therefore, there might 
have been some recall bias. Another limitation is the 
potential reporting bias; for instance, ptosis or fore-
head and facial flushing may have been difficult for 
patients to recognize. Furthermore, this study was con-
ducted at a tertiary headache center, therefore there 
may have been some referral bias, which might have 
led to the inclusion of a cohort consisting of severe 
migraineurs. Aural fullness was included in the criteria 
of ICHD-3 (beta) and removed in the latest ICHD-3 
criteria; however, aural fullness was reported to be a 
very common CAS during migraine attacks in previ-
ous studies [5, 8, 9]. We therefore used the CAS crite-
ria of ICHD-3 (beta), and consequently, aural fullness 
was found to be the second-most common symptom 
in the present study. Further studies will be needed in 
order to clarify the pathophysiological implications of 
aural fullness during migraine attacks. Finally, the CSI 
includes an item evaluating osmophobia, which might 
have led to the high rate of osmophobia in the CSI ≥40 
group; however, the findings of the present and previ-
ous studies support the hypothesis that osmophobia is 
associated with CS [9, 26, 27].

Conclusions
This was the first study to investigate CS in migraine 
with CASs using a validated CSI, with findings suggest-
ing that the presence of CASs in migraine is related to 
CS. We also found that CApSs in particular were more 
frequently observed in migraineurs with CS than in 
those without CS and speculated that TVS and the cra-
nial parasympathetic system were sensitized in paral-
lel, potentially contributing to the maintenance of CS. 
The treatment of migraine patients with heavy burdens 
is still insufficient, and CS is recognized as one reason 
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for non-responsiveness to the treatments [22, 28, 29]. 
Prospective studies are therefore needed to clarify 
which specific treatments can improve the CS severity 
and CAS occurrence rate so that clinicians can provide 
more appropriate treatment for migraine patients.

Abbreviations
CApSs: Cranial autonomic parasympathetic symptoms; CASs: Cranial 
autonomic symptoms; CGRP: Calcitonin gene-related peptide; CM: Chronic 
migraine; CN V: Fifth cranial nerve; CS: Central sensitization; CSI: Central 
sensitization inventory; CSS: Central sensitivity syndrome; DRN: Dorsal raphe 
nuclei; EM: Episodic migraine; ICHD-3: The international classification of head-
ache disorders 3rd edition; LC: Locus coeruleus; MA: Migraine with aura; MO: 
Migraine without aura; MOH: Medication overuse headache; NRS: NUMERICAL 
rating scale; PAG: Periaqueductal gray; QST: Quantitative sensory testing; ROC: 
Receiver operating characteristic; SD: Standard deviation; SPG: Sphenopalatine 
ganglion; SSN: Superior salivatory nucleus; TACs: Trigeminal autonomic cepha-
lalgias; TVS: Trigemino-vascular system; VIP: Vasoactive intestinal polypeptide.

Acknowledgements
The authors express our deep thanks to our patients and their families for sup-
porting the current project.

Authors’ contributions
DD designed the study, collected the data, performed the statistical data 
analysis, drafted the manuscript, and revised the manuscript. JW analyzed and 
interpreted the data. KI designed the study, collected the data. SK designed 
the study, collected the data. KH conceptualized the study, analyzed and 
interpreted the data, and drafted the manuscript. TT conceptualized the study, 
collected the data, analyzed and interpreted the data, and drafted the manu-
script. All authors read and approved the submitted version of the manuscript.

Funding
This study was funded by the grants in ‘the Explanation of a Role of the Central 
Sensitization in the Refractory Disease Patients with Various Type of Symptoms 
and an Improvement of the Patients Care to Follow it’, Research on Policy 
Planning and Evaluation for Rate and Intractable Diseases, Health, Labor and 
Welfare Sciences Research Grants, the Ministry of Health, Labor and Welfare, 
Japan. They had no role in the design of the study, analysis, interpretation of 
data, and writing the manuscript.

Availability of data and materials
The datasets used in the present study are available from the corresponding 
author, upon reasonable request.

Declarations

Ethics approval and consent to participate
The ethics committee of Tominaga Hospital approved the protocol of 
this study (15/May/2018). We obtained written informed consent from all 
participants.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest associated with the present 
manuscript.

Author details
1 Headache Center and Department of Neurology, Tominaga Hospital, 1 - 4 - 48 
Minatomachi, Naniwa ward, Osaka, Japan. 2 Division of Neurology, Department 
of Internal Medicine, Hyogo College of Medicine, Nishinomiya, Hyogo, Japan. 
3 Department of Neurology, Dokkyo medical university, Tochigi, Japan. 

Received: 26 May 2021   Accepted: 25 February 2022

References
 1. Headache Classification Committee of the International Headache 

Society (IHS) The International Classification of Headache Disorders, 3rd 
edition. (2018). Cephalalgia : an international journal of headache, 38(1), 
1–211. https:// doi. org/ 10. 1177/ 03331 02417 738202

 2. Blau JN, Davis E. Small blood-vessels in migraine. Lancet. 1970;296:740–2.
 3. Obermann M, Yoon MS, Dommes P, Kuznetsova J, Maschke M, Weimar 

C, et al. Prevalence of trigeminal autonomic symptoms in migraine: a 
population-based study. Cephalalgia. 2007;27(6):504–9 https:// doi. org/ 
10. 1111/j. 1468- 2982. 2007. 01316.x.

 4. Barbanti P, Aurilia C, Dall’Armi V, Egeo G, Fofi L, Bonassi S. The phenotype 
of migraine with unilateral cranial autonomic symptoms documents 
increased peripheral and central trigeminal sensitization. A case series of 
757 patients. Cephalalgia. 2016;36(14):1334–40 https:// doi. org/ 10. 1177/ 
03331 02416 630579.

 5. Riesco N, Pérez-Alvarez AI, Verano L, García-Cabo C, Martínez-Ramos J, 
Sánchez-Lozano P, et al. Prevalence of cranial autonomic parasympathetic 
symptoms in chronic migraine: usefulness of a new scale. Cephalalgia. 
2016;36(4):346–50 https:// doi. org/ 10. 1177/ 03331 02415 593087.

 6. Gupta R, Bhatia MS. A report of cranial autonomic symptoms in 
migraineurs. Cephalalgia : an international journal of headache. 
2007;27(1):22–8 https:// doi. org/ 10. 1111/j. 1468- 2982. 2006. 01237.x.

 7. Lai TH, Fuh JL, Wang SJ. Cranial autonomic symptoms in migraine: char-
acteristics and comparison with cluster headache. J Neurol Neurosurg 
Psychiatry. 2009;80(10):1116–9 https:// doi. org/ 10. 1136/ jnnp. 2008. 157743.

 8. Gelfand AA, Reider AC, Goadsby PJ. Cranial autonomic symptoms 
in pediatric migraine are the rule, not the exception. Neurology. 
2013;81(5):431–6 https:// doi. org/ 10. 1212/ WNL. 0b013 e3182 9d872a.

 9. Danno D, Wolf J, Ishizaki K, Kikui S, Yoshikawa H, Takeshima T. Cranial auto-
nomic symptoms of migraine in Japan: prospective study of 373 migraine 
patients at a tertiary headache center. Headache. 2020;60(8):1592–600 
https:// doi. org/ 10. 1111/ head. 13888.

 10. Mayer TG, Neblett R, Cohen H, Howard KJ, Choi YH, Williams MJ, et al. The 
development and psychometric validation of the central sensitization 
inventory. Pain Pract. 2012;12(4):276–85 https:// doi. org/ 10. 1111/j. 1533- 
2500. 2011. 00493.x.

 11. Tanaka K, Nishigami T, Mibu A, Manfuku M, Yono S, Shinohara Y, et al. 
Validation of the Japanese version of the central sensitization inventory in 
patients with musculoskeletal disorders. PLoS One. 2017;12(12):e0188719 
https:// doi. org/ 10. 1371/ journ al. pone. 01887 19.

 12. Jones GT. Psychosocial vulnerability and early life adversity as risk factors 
for central sensitivity syndromes. Curr Rheumatol Rev. 2016;12(2):140–53 
https:// doi. org/ 10. 2174/ 15733 97112 66615 12311 13438.

 13. Suzuki K, Suzuki S, Haruyama Y, Okamura M, Shiina T, Fujita H, et al. Central 
sensitization in migraine is related to restless legs syndrome. J Neurol. 
2021;268(4):1395–401 https:// doi. org/ 10. 1007/ s00415- 020- 10295-7.

 14. Woolf CJ. Central sensitization: implications for the diagnosis and treat-
ment of pain. Pain. 2011;152(3 Suppl):S2–S15 https:// doi. org/ 10. 1016/j. 
pain. 2010. 09. 030.

 15. Headache Classification Committee of the International Headache 
Society (IHS). The international classification of headache disorders, 3rd 
edition (beta version). Cephalalgia. 2013;33(9):629–808 https:// doi. org/ 10. 
1177/ 03331 02413 485658.

 16. Neblett R, Hartzell MM, Mayer TG, Cohen H, Gatchel RJ. Establishing clini-
cally relevant severity levels for the central sensitization inventory. Pain 
Pract. 2017;17(2):166–75 https:// doi. org/ 10. 1111/ papr. 12440.

 17. Kanda Y. Investigation of the freely available easy-to-use software ’EZR’ for 
medical statistics. Bone Marrow Transplant. 2013;48(3):452–8 https:// doi. 
org/ 10. 1038/ bmt. 2012. 244.

 18. Neblett R, Cohen H, Choi Y, Hartzell MM, Williams M, Mayer TG, et al. The 
central sensitization inventory (CSI): establishing clinically significant val-
ues for identifying central sensitivity syndromes in an outpatient chronic 
pain sample. J Pain. 2013;14(5):438–45 https:// doi. org/ 10. 1016/j. jpain. 
2012. 11. 012.

 19. Avnon Y, Nitzan M, Sprecher E, Rogowski Z, Yarnitsky D. Different patterns 
of parasympathetic activation in uni- and bilateral migraineurs. Brain. 
2003;126(Pt 7):1660–70 https:// doi. org/ 10. 1093/ brain/ awg158.

 20. Yarnitsky D, Goor-Aryeh I, Bajwa ZH, Ransil BI, Cutrer FM, Sottile A, et al. 
2003 Wolff award: possible parasympathetic contributions to peripheral 
and central sensitization during migraine. Headache. 2003;43(7):704–14 
https:// doi. org/ 10. 1046/j. 1526- 4610. 2003. 03127.x.

https://doi.org/10.1177/0333102417738202
https://doi.org/10.1111/j.1468-2982.2007.01316.x
https://doi.org/10.1111/j.1468-2982.2007.01316.x
https://doi.org/10.1177/0333102416630579
https://doi.org/10.1177/0333102416630579
https://doi.org/10.1177/0333102415593087
https://doi.org/10.1111/j.1468-2982.2006.01237.x
https://doi.org/10.1136/jnnp.2008.157743
https://doi.org/10.1212/WNL.0b013e31829d872a
https://doi.org/10.1111/head.13888
https://doi.org/10.1111/j.1533-2500.2011.00493.x
https://doi.org/10.1111/j.1533-2500.2011.00493.x
https://doi.org/10.1371/journal.pone.0188719
https://doi.org/10.2174/1573397112666151231113438
https://doi.org/10.1007/s00415-020-10295-7
https://doi.org/10.1016/j.pain.2010.09.030
https://doi.org/10.1016/j.pain.2010.09.030
https://doi.org/10.1177/0333102413485658
https://doi.org/10.1177/0333102413485658
https://doi.org/10.1111/papr.12440
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1016/j.jpain.2012.11.012
https://doi.org/10.1016/j.jpain.2012.11.012
https://doi.org/10.1093/brain/awg158
https://doi.org/10.1046/j.1526-4610.2003.03127.x


Page 11 of 11Danno et al. BMC Neurology           (2022) 22:89  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 21. Burstein R, Collins B, Jakubowski M. Defeating migraine pain with triptans: 
a race against the development of cutaneous allodynia. Ann Neurol. 
2004;55(1):19–26 https:// doi. org/ 10. 1002/ ana. 10786.

 22. Kitaj MB, Klink M. Pain thresholds in daily transformed migraine versus 
episodic migraine headache patients. Headache. 2005;45(8):992–8 
https:// doi. org/ 10. 1111/j. 1526- 4610. 2005. 05179.x.

 23. Barbanti P, Fabbrini G, Vanacore N, Pesare M, Buzzi MG. Sumatriptan in 
migraine with unilateral cranial autonomic symptoms: an open study. 
Headache. 2003;43(4):400–3 https:// doi. org/ 10. 1046/j. 1526- 4610. 2003. 
03077.x.

 24. Barbanti P, Fofi L, Dall’Armi V, Aurilia C, Egeo G, Vanacore N, et al. Riza-
triptan in migraineurs with unilateral cranial autonomic symptoms: a 
double-blind trial. J Headache Pain. 2012;13(5):407–14 https:// doi. org/ 10. 
1007/ s10194- 012- 0440-y.

 25. Sarchielli P, Pini LA, Zanchin G, Alberti A, Maggioni F, Rossi C, et al. Clinical-
biochemical correlates of migraine attacks in rizatriptan responders 
and non-responders. Cephalalgia. 2006;26(3):257–65 https:// doi. org/ 10. 
1111/j. 1468- 2982. 2005. 01016.x.

 26. Lovati C, Giani L, Castoldi D, Mariotti D’Alessandro C, DeAngeli F, Cap-
iluppi E, et al. Osmophobia in allodynic migraineurs: cause or conse-
quence of central sensitization? Neurological Sci. 2015;36(Suppl 1):145–7 
https:// doi. org/ 10. 1007/ s10072- 015- 2141-1.

 27. Silva-Néto RP, Rodrigues ÂB, Cavalcante DC, Ferreira PH, Nasi EP, Sousa 
KM, et al. May headache triggered by odors be regarded as a differentiat-
ing factor between migraine and other primary headaches? Cephalalgia. 
2017;37(1):20–8 https:// doi. org/ 10. 1177/ 03331 02416 636098.

 28. Kikui S, Chen Y, Todaka H, Asao K, Adachi K, Takeshima T. Burden of 
migraine among Japanese patients: a cross-sectional National Health 
and wellness survey. The journal of headache and pain. 2020;21(1):110 
https:// doi. org/ 10. 1186/ s10194- 020- 01180-9.

 29. Takeshima T, Wan Q, Zhang Y, Komori M, Stretton S, Rajan N, et al. Preva-
lence, burden, and clinical management of migraine in China, Japan, and 
South Korea: a comprehensive review of the literature. J Headache Pain. 
2019;20(1):111 https:// doi. org/ 10. 1186/ s10194- 019- 1062-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/ana.10786
https://doi.org/10.1111/j.1526-4610.2005.05179.x
https://doi.org/10.1046/j.1526-4610.2003.03077.x
https://doi.org/10.1046/j.1526-4610.2003.03077.x
https://doi.org/10.1007/s10194-012-0440-y
https://doi.org/10.1007/s10194-012-0440-y
https://doi.org/10.1111/j.1468-2982.2005.01016.x
https://doi.org/10.1111/j.1468-2982.2005.01016.x
https://doi.org/10.1007/s10072-015-2141-1
https://doi.org/10.1177/0333102416636098
https://doi.org/10.1186/s10194-020-01180-9
https://doi.org/10.1186/s10194-019-1062-4

	Cranial autonomic symptoms in migraine are related to central sensitization: a prospective study of 164 migraine patients at a tertiary headache center
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Statistical analyses

	Results
	Missing data

	Discussion
	CSI
	CASs and CS
	Cranial parasympathetic contributions to CS
	CS and responsiveness to triptans
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


