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Blink reflex in migraine headache

Zeynep Unal,** Fusun Mayda Domac,>* Ece Boylu,*>* Abdulkadir Kocer,*5

Tulin Tanridag,® Onder Us®

!Neurology Department, Manisa State Hospital for Mental Health and Neurological Disorders, Manisa, Turkey

2Neurology Department, Erenkdy Training and Research Hospital for Psychiatric and Neurological Disorders, Istanbul, Turkey
3Neurology Department, Gelisim University, Istanbul, Turkey

“Neurology Department, Medeniyet University Gdztepe Training and Research Hospital, Istanbul, Turkey

SNeurology Department, Marmara University, Electrodiagnostic Neurology Master Programme, Istanbul, Turkey

ABSTRACT

OBJECTIVE: Activation of trigeminovascular system is thought to play an important role in migraine pathogen-
esis. Blink reflex (BR) test is an easy method to study the trigeminal system. Latencies recorded in BR test were
evaluated to examine neurophysiological changes that occur in migraine patients.

METHODS: A total of 40 patients diagnosed with migraine (9 with aura and 31 without aura) according to the In-
ternational Headache Society (IHS) International Classification of Headache Disorders, 2nd edition, and 30 healthy
control subjects were assessed using BR test. Supraorbital nerve was stimulated on each side, and unilateral early
component (R1), and bilateral late component (R2) latencies were evaluated.

RESULTS: Significantly longer latency values were recorded on both right and left sides (RR1 and LR1) as well
as both ipsilateral and contralateral R2 on the left side (LR2i and LR2c) in the migraine group compared to the
control group. Longer RR1 and LR1 latencies were found in patients with migraine who had an attack at the time
of study (p<0.01). There was no statistically significant correlation between the location of pain and latencies in
the interictal period (p>0.05). But significantly longer R1 and R2i latencies were found at the symptomatic side
of patients examined during the headache attack (p=0.037 and p=0.028 respectively). There was no statistically
significant correlation between the recorded latencies and gender, attack duration, attack frequency and migraine
type (p>0.05).

CONCLUSION: Results of BR test in the present study are thought to point to a dysfunction in brainstem and
trigeminovascular connections of patients with migraine headache and support the trigeminovascular theory of
migraine.
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As a result of previous studies, theories related
to pathophysiology of migraine have become
more complex and concentrated on neuronal dys-
function [1]. Important roles played by neurogenic
inflammation of meningeal vessels combined with
activation of trigeminovascular system, and sensi-
tization of trigeminal nuclei in the brainstem have
been demonstrated [2-4]. Sensitization of trigemi-
novascular system has been thought to be responsi-
ble for pain felt during initial phase of migraine, and
evidence concerning its potential subclinical con-
tinuation during interictal phase is available [1,5-
7]. Cutaneous allodynia occurring during migraine
attacks has been associated with sensitization of
central trigeminal nuclei [2,8]. Association between
impairment of central inhibitor mechanisms and
sensitization processes developed during and fol-
lowing migraine attacks has been emphasized [8,9].
Chronic pain has also been thought to stem from
derangement of inhibitory control mechanisms [9].

Neurophysiological tests, such as transcranial
magnetic stimulation, evoked potentials, event-re-
lated endogenous potentials, autonomic tests, and
blink reflex (BR) have become important tools in
the investigation of cerebral excitability, nociceptive
systems, central, and peripheral mechanisms in pri-
mary headaches [1,10-14]. BR is a noninvasive test
to obtain information about peripheral and central
neurologic functions and thus far it has been used
in the investigation of pathophysiology of various
types of headaches [11-15]. Eatly component of
BR (R1) is transmitted via pontine pathway, and
it is recorded only by unilateral stimulation. Late
component (R2) is a polysynaptic response passing
through lateral reticular formation, and is recorded
bilaterally [16]. R2 reflects excitability of interneu-
rons in the brainstem, and its synaptic transmission
function at this level [17]. Central sensitization of
neurons in the spinal trigeminal nuclei induces de-
polarization of cutaneous trigeminal axons with re-
sultant alterations in R2 responses [9].

In studies of BR, R1 and R2, latency measure-
ments have yielded different data in cases of mi-
graine headache. The aim of this study was to
investigate whether latency values from BR test pet-
formed on patients with migraine headache differ

from those of the control group, and to analyze the
role of trigeminovascular system in the pathogen-
esis of migraine.

MATERIALS AND METHODS

A total of 27 female and 13 male patients diagnosed
as having migraine, with or without aura, based on
International Classification of Headache Disor-
ders, 2nd edition, criteria published by Internation-
al Headache Society (IHS) were included in the
study. Control group consisted of 30 age-matched
(20 female, and 10 male) subjects without any
known present or past systemic or neurological dis-
ease. Detailed neurological examinations were per-
formed on all participants. Tests to be performed
were thoroughly explained to study participants,
and consent was obtained. Approval of the study
was obtained from the ethics committee of Mar-
mara University Faculty of Medicine.

Migraine patient data on gender, type of mi-
graine (with or without aura), time interval between
examination and onset of attack (during, within or
72 hours after onset of the attack), frequency and
location of attack were recorded.

Patients who had received prophylactic treat-
ment within the previous 3 months, in whom there
was presence of disease that might affect electro-
physiological examination or involving trigeminal
or facial nerve, or in whom a structural lesion was
detected on cranial images, had headaches other
than migraine, or aged younger than 18 or older
than 60 years were excluded from the study.

Blink Reflex (BR)

BR was measured using 4-channel Medelec electro-
myography (EMG) device (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) in the Mar-
mara University Department of Neurology electro-
physiology laboratory. The examinations were pet-
formed at normal room temperature in a noiseless
laboratory with patients lying on examination table
in supine position with eyes closed. Silver-coated
electrodes were used for testing: Active electrodes
were placed bilaterally on m.orbicularis oris, and
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reference electrodes were placed on nasal wings.
Ground electrode was placed between the stimula-
tor and active electrode.

Right and left supraorbital nerves were stimulat-
ed successively over the supraorbital foramen. Stim-
uli were applied for 0.2 milliseconds with 30-second
intervals. Responses were elicited 5 times, consecu-
tively from both sides: early component (R1), late
component ipsilateral (R2i) and late component
contrlateral (R2c). Latency of reflex responses was
measured from shortest initial deflection. Average
values of R1, R2, and R2c latencies were calculated.
Latency values recorded in patients with migraine
and in the control group were compared. Correla-
tions between gender of patients, location and fre-
quency of pain, and latency values were assessed.

Statistical Analysis

SPSS software (version 13.0; SPSS Inc., Chicago,
IL, USA) was used to evaluate data obtained from
patient and control groups. Normality of distribu-
tion was tested using Kolmogorov-Smirnov test.
Descriptive statistics (mean, standard deviation)
were gathered for all groups. Student’s-t test was
used to compare the 2 groups and chi-square test

was used to evaluate categorical variables. For the
comparison of more than 2 groups, one-way anal-
ysis of variance (ANOVA) test was used. Results
were evaluated as statistically significant at a level
of p<0.05.

RESULTS

Mean age of patients with migraine headache was
37.36+9.67 (19-50) years. Control group consisted
of healthy volunteers with a mean age 0of 36.5+11.68
(20-51) years. Migraine headache group comprised
28 (70%) female and 12 (30%) male patients, while
the control group consisted of 20 (66.7%) women
and 10 (33.3%) men.

Nine patients (22.5%) met criteria of migraine
with aura; 31 (77.5%) were diagnosed as having mi-
graine without aura. More than 4 attacks per month
were experienced by 27 patients (67.5%), while
13 patients (32.5%) experienced fewer. Migraine
headache was felt on the right by 17 participants
(42.5%), on the left by 14 (35%), and on both sides
by 9 study participants (22.5%) (Table 1).

A total of 12 (30%) patients were examined dur-
ing migraine headache attack. Fourteen patients
(35%) had experienced their last attack within the

TABLE 1. Demographic characteristics of migraine and control groups

Migraine group

Control group

Number of study participants
Age (years)
Gender
Female, n (%)
Male, n (%)
Frequency of attacks
<4/month
>4/month
Location
Unilateral
Bilateral
Type of migraine
With aura
Without aura

40 30
37.36+9.67 36.5+11.68

28 (70)
12 (30)

20 (66.7)
10 (33.3)

13 (32.5)
27 (67.5)

31 (77.5)
9 (22.5)

9 (22.5)
31 (77.5)
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TABLE 2. Comparison of latency values obtained in migraine and control groups on eye blink

reflex test
Latency Migraine group Control group p
Mean+SD Mean+SD

R1 latency (ms)
Right 11.07+1.42 10.27+1.61 0.004*
Left 11.66+1.3 9.85+1.25 0.000*

R2 latency (ms)
Right R2i 28.8443.65 27.82+3.16 0.136
Right R2c 29.0243.26 28.09+3.17 0.291
Left R2i 30.21+3.23 27.73+2.89 0.018*
Left R2c 30.45+2.80 27.55+3.02 0.001*

R1: Early component; R2i: Ipsilateral late component; R2c: Contralateral late component; SD: Standard deviation; *Statistically

significant values.

previous 3 days, and it was significantly longer ago
for the remaining 14 (35%).

In the patient group, right and left R1 latency
values (0.000 and 0.004, respectively) were found to
be significantly longer than the control group. R2i
and R2c latency values after stimulation to right
side were compared with those of the control group
and no significant intergroup difference was found;
however, R2i and R2c¢ latency values after stimula-
tion to left side (0.018 and 0.001, respectively) were
also significantly longer than those of the control

group (Table 2).

R1, R2i, and R2c¢ latency values after right- and
left-side stimulation did not have a statistically

significant difference between types of migraine

(p>0.05) (Table 3).

Patients were divided into 3 groups based on
time of the attack. LR1 latency values obtained from
patients during headache attack were significantly
longer than those recorded within or more than 72
hours after attack (p=0.042 and p=0.034, respec-
tively). RR1 latency values measured during attack
were longer relative to other groups without any sta-
tistically significant intergroup difference (Table 4).

TABLE 3. Comparison of latency values obtained on eye blink reflex test in patient groups

with migraine

Latency Migraine with aura Migraine without aura p
Mean+SD Mean+SD

R1 latency (ms)
Right 11.01+1.5 11.09+1.43 0.646
Left 10.98+1.4 11.12+1.43 0.252

R2 latency (ms)
Right R2i 28.37+2.61 28.98+3.95 0.687
Right R2c 29.1+3.28 29+3.32 0.291
Left R2i 29.85+2.53 30.32+3.46 0.159
Left R2c 30.17+3.05 30.23+2.75 0.389

R1: Early component; R2i: Ipsilateral late component; R2c: Contralateral late component; SD: Standard deviation.
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TABLE 4. Comparison of latency values obtained on eye blink reflex test according to time elapsed
between onset of examination and last attack

Ictal The last 3 days The last >3 days p
Right R1 11.62+1.5 10.96+1.45 10.89+1.42 0.157
Latency (ms)
Right R2i 28.24+2.67 29.11+4.22 29.18+3.68 0.626
Latency (ms)
Right R2c 28.74£3.09 28.68+3.6 30.224+3.3 0.318
Latency (ms)
Left R1 12.44+0.69 10.91+1.44 10.59+1.24 0.042*
Latency (ms)
Left R2i 31.04+1.61 29.04+3.76 28.05+2.66 0.034*
Latency (ms)
Left R2c 29.6£2.66 30.08+2.9 30.44%2.65 0.237

Latency (ms)

R1: Early component; R2i: Ipsilateral late component; R2c: Contralateral late component; *Statistically significant values.

No statistically significant correlation was found ¢y values of the intact side recorded during interic-
between patient gender, frequency of attacks, or  tal phase were independent from symptomatic side.
time of onset and latency values (p>0.05) (Tables
4,5,6). In the patient group, R1 and R2i latency val- DISCUSSION
ues recorded during ictal (headache attack) phase
from symptomatic and intact side were found to be ~ Various functional imaging studies have shown
statistically significantly correlated (p=0.037, and  that during migraine headache attack, brainstem is
p=0.028, respectively), while prolongation of laten-  activated and abnormalities are seen in ascending

TABLE 5. Comparison of latency values obtained on the eye blink reflex test in male
and female patients

Female Male p
(n=28) (n=12)
Right R1 10.98+1.36 11.26+2.02 0.316
Latency (ms)
Right R2i 28.95+3.76 28.7£3.03 0.944
Latency (ms)
Right R2c 30.3+4.52 29.88+3.17 0.485
Latency (ms)
Left R1 10.99+1.41 11.12+1.48 0.543
Latency (ms)
Left R2i 30.06+3.27 30.6%3.1 0.445
Latency (ms)
Left R2c 30.25+2.77 30.26+2.93 0.244

Latency (ms)

R1: Early component; R2i: Ipsilateral late component; R2c: Contralateral late component.
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TABLE 6. Comparison of latency values obtained on eye blink reflex test according to

frequency of migraine attacks

Frequency of attacks <4/month >4/month p
Right R1 11.27+1.38 10.81+1.41 0.388
Latency (ms)

Right R2i 28.69+3.48 29.03+4.1 0.803
Latency (ms)

Right R2c 29.38+3.49 28.56+3.01 0.504
Latency (ms)

Left R1 11.27+1.44 10.89+1.39 0.476
Latency (ms)

Left R2i 29.63+3.28 30.65+3.23 0.402
Latency (ms)

Left R2c 30.04£2.95 30.76+2.73 0.496

Latency (ms)

R1: Early component; R2i: Ipsilateral late component; R2c: Contralateral late component.

and descending nociceptive pathways during ictal
and interictal phases [18,19]. Trigeminal system
provides sensory innervation of extracranial and
intracranial arteries, as well as afferent fibers of no-
ciceptive transmission. The contribution of trigemi-
novascular system to pathogenesis of migraine has
been detected in experimental animal and human
studies [6,7]. In BR studies performed in cases of
migraine, data measuring R1 and R2 latencies have
demonstrated differences. It has been thought that
this discrepancy was related to different methods
used, diversities in patients selected, and latency re-
cording time (ictal/interictal) [20].

Aktekin et al. conducted BR tests on migraine
patients during interictal phase using standard
methods and compared measurements of R1 and
R2 latencies, R2 amplitudes, and area with those of
control group without finding any significant inter-
group difference. They stated that these findings can
be considered evidence that migraine-specific tri-
geminal dysfunction is a transient condition [21,22].

In healthy control participants, headache was
induced with electrical stimulation and the effects
of central inhibition mechanisms on experimental
migraine model were investigated. BR tests were
performed before, during and after experimen-

tally triggered headache. It was found that R2 sup-

pressed after pain induced by electrical stimulation
normalized during pain-free phases. The authors
claimed that the obtained findings demonstrated
that inhibition in migraine was not impaired [23].
Sand et al. compared patients who experience mi-
graine-type headaches with control group during
interictal phase, and stated that R2 amplitude val-
ues were not different [24]. Similar results have also
been obtained in other studies [25-28].

In a study by Bank et al., R1 latency values elic-
ited by supraorbital stimulation did not differ sig-
nificantly from those of the control group, while
significantly longer R2 latencies were found in
the patient group. However, they did not indicate
whether or not this study was performed during pa-
tient migraine attack or not. They stated that these
findings could be presented as objective evidence
of the involvement of trigeminal afferents and/or
polysynaptic pathways in the brainstem of patients
with migraine headache [29]. In the present study,
right- and left-sided R1, as well as R2i and R2c la-
tency values were compared with those of the con-
trol group, and significantly longer latencies were
detected in the patient group, supporting role of
trigeminovascular system in migraine.

R2 was prolonged compared to responses dur-
ing migraine attack, pain-free phases or controls
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(12,25]. This condition is thought to emerge as a
response to sensitization of cutaneous nociceptive
afferent arch or neurons in the trigeminal nucleus
[12]. Yet these findings may be useful to better un-
derstanding of the role of trigeminal complex in
pathophysiology of headache, follow-up of patients
during migraine episodes or evaluation of treatment

response [30].

A limitation of the present study is that ampli-
tudes of early and late components elicited during
BR test were not investigated or evaluated. When
compared with those of the control group, signifi-
cantly prolonged latency values of early and late
components recorded during both ictal (headache
attack) and interictal phases suggest that trigemi-
novascular dysfunction in patients with migraine
headache is not a transient phenomenon. Predomi-
nant prolongation of latency during ictal phase
implies that the brain is passing through different
excitability phases and increased sensitization of
trigeminal neurons during migraine attack.

The association between location of pain and
recorded side of BR has been investigated in vari-
ous studies. In studies performed during pain-free
period, no correlation between location of pain and
recorded side was found. [2,25,31]. Despite abnot-
mal responses elicited when stimulation was de-
livered from both sides, lack of any correlation on
the painful side has been thought to be related to
widespread suppression of the R2 interneurons at
a bulbopontine level [25]. However, prolonged late
component latency on the involved side in the BR
test, and increase in the area of R3, which uses the
same pathways as R2, have been more frequently
detected with statistical significance during ictal
phase [2,25,26]. In the present study, a statistically
significant correlation was found between symp-
tomatic side and R1 and R2i latency values during
ictal phase. This finding is thought to reflect sensi-
tization of trigeminal nucleus of the symptomatic
side during ictal phase.

In conclusion, the results obtained in BR test
demonstrated presence of dysfunctional connec-
tions between brainstem and trigeminovascular
system in patients with migraine headache and sup-
port trigeminovascular hypothesis in migraine.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
has received no financial support.

Authorship contributions: Concept - Z.U., T.T,, 0.U; Design
- 2.U0.,, EM.D,, E.B,, T.T,, 0.U; Supervision - Z.U., EM.D., AK.,
E.B., T.T, O.U; Materials - z.U., EM.D,, E.B,, AK, TT, O.U;
Data collection and/or processing - Z.U., EM.D., E.B,, AK,, ;
Analysis and/or interpretation - 2.U., EM.D., A.K.; Literature
search - 2.0., EM.D,, E.B., A.K.; Writing - Z.0., EM.D.; Critical
review - 2.0., EM.D,, T.T,, O.U.

REFERENCES

1. Aguggia M. Allodynia and migraine. Neurol Sci 2012;33:9-11.

2. De Marinis M, Pujia A, Colaizzo E, Accornero N. The blink re-
flex in chronic migraine. Clin Neurophysiol 2007;118:457-63.

3. Dodick D, Silberstein S. Central sensitization theory of mi-
graine: clinical implications. Headache 2006;46:182-91.

4. Bolay H, Reuter U, Dunn A, Huang Z, Boas D, Moskowitz A.
Intrinsic brain activity triggers trigeminal meningeal afferents in
a migraine model. Nature Medicine 2002;8:136-42.

5. Romero-Reyes M, Akerman S. Update on animal models of mi-
graine, Curr Pain Headache Rep 2014;18:462.

6. Moskowitz MA. The neurobiology of vascular head pain Ann
Neurol 1984;16:157-68.

7. Goadsby PJ, Edvinsson L. The trigeminovascular system and
migraine: studies characterizing cerebrovascular and neuropep-
tide changes seen in humans and cats. Ann Neurol 1993;33:48-
56.

8. Burstein R, Yarnitsky D, Goor-Aryeh I, Ransil BJ, Bajwa ZH.
An association between migraine and cutaneous allodynia. Ann
Neurol 2000;47:614-24.

9. Ellrich J, Andersen OK, Messlinger K, Arendt-Nielsen L. Con-
vergence of meningeal and facial afferents onto trigeminal brain-
stem neurons: an electrophysiological study in rat and man. Pain
1999; 82:229-37.

10. Magis D, Ambrossini A, Bendtsen L, Ertas M, Kaube H,
Schoene J. Eurohead Project. Evaluation and proposal for opti-
malization of neurophysiological tests in migraine: part 1-elec-
trophysiological tests. Cephalalgia 2007;27:1323-38.

11. Yildirim G, Saymn R, Cégen EE, Odabas FO, Tombul T. Ran-
domised, controlled blink reflex in patients with migraine and
tension type headache. ] Pak Med Assoc 2011;61:978-82.

12. Miskov S. Neurophysiological methods in headache diagnosis.
Acta Med Croatica 2008;62:189-96.

13. Zdunska A, Cegielska J, Kochanowski J. Variability of the
blink reflex in patients with migraine. Neurol Neurochir Pol
2013;47:352-6.

14. Magis D, Vigano A, Sava S, d’Elia TS, Schoenen J, Coppola G.
Pearls and pitfalls: electrophysiology for primary headaches.
Cephalalgia 2013;33:526-39.

15. Sohn JH, Choi HC, Kim CH. Differences between episodic and



NorTH CLin IstAnBUL - NCI

16.

17.

18.

19.

20.

21.

22,

23.

chronic tension-type headaches in nociceptive-specific trigemi-
nal pathways. Cephalalgia 2013;33:330-9.

Shahani BT, Young RR. Human orbicularis oculi reflexes. Neu-
rology 1972;22:149-54.

Nardone R, Tezzon F. Brainstem reflexes in migraine patients.
In: Clarke LB, editor. Migraine disorders research trends. New
York: Nova Science Publishers; 2007. p. 183-208.

Bahra A, Matharu MS, Buchel C, Frackowiak RS, Goadsby
PJ. Brainstem activation specific to migraine headache. Lancet
2001;357:1016-18.

Weiller C, May A, Limmroth V et al.: Brainstem activation in
spontaneous human migraine attacks. Nat Med 1995;1:658.
Schoenen J. Neurophysiological features of the migrainous brain.
Neurol Sci 2006;27:77-81.

Brooks JB, Fragoso YD. The blink reflex test does not show ab-
normalities in a large group ofpatients with chronic migraine.
Arq Neuropsiquiatr 2013;71:862-5.

Aktekin B, Yaltkaya K, Ozkaynak S, Oguz Y. Recovery cycle of
the blink reflex and exteroceptive supression of temporalis mus-
cle activity in migraine and tension type headache. Headache
2001;41:142-9.

Drummond PD. The effect of trigeminal nociceptive stimulation

on blink reflexes and pain evoked by stimulation of the supraor-

bital nerve. Cephalalgia 2003;23:534-40.

24,

25.

26.

27.

28.

29.

30.

31.

Sand T, Zwart JA. The blink reflex in chronic tension-type
headache, migraine and cervicogenic headache. Cephalalgia
1994;14:447-50.

Avramidis TG, Podikoglou DG, Anastasopoulos IE, Koutrou-
manidis MA, Papadimitriou AL. Blink reflex in migraine and
tension-type headache. Headache 1998;38:69 1-6.

De Tommaso M, Guido M, Libro G, Sciruicchio V, Puca E The
three responses of the blink reflex in adult and juvenile migraine.
Acta Neurol Belg 2000;100:96—102.

Kaube H, Katsarava Z, Przywara S, Drepper ], Ellrich J, Diener
HC. Acute migraine headache : Possible sensitization of neurons
in the spinal trigeminal nucleus? Neurology 2002;58:1234-8.
Sandrini G, Proietti Cecchini A, Milanov I, Tassorelli C, Buzzi
MG, Nappi G. Electrophysiological evidence for trigeminal
neuron sensitization in patients with migraine. Neurosci Lett
2002;317:135-8.

Bank J, Bense E, Kiraly C. The blink reflex in migraine. Cephalal-
gia 1992;12:289-92.

Valls-Sole J. Neurophysiological assessment of trigeminal nerve
reflexes in disorders of central and peripheral nervous system.
Clin Neurophysiol 2005;116:2255-65.

Shibata K, Yamane K, Iwata M. Change of excitability in brain-
stem and cortical visual processing in migraine exhibiting allo-
dynia. Headache 2006;46:1535-44.



