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The aim of the study was to characterise parameters of the autonomic nervous system in mi-
graineurs and to find out and to adapt the optimal biofeedback (BFB) training methods. Heart rate
(HR), arterial blood pressure and baroreflex sensitivity (BRS) at rest, static workload, arterial oc-
clusion and during recovery period were measured. 22 migraineurs (female, average age 22.2 +
2.4 years) and 14 healthy age and gender matched controls participated. Migraine patients were
divided into two groups (M1 and M2) according to HR and BRS at rest. At rest 60% of migraine
patients (group M1) had significantly decreased HR vs. control group (P < 0.01). The M2 group
showed a tendency to decreased BRS at rest comparing to the control group and significantly
(P < 0.01) differed in this parameter from the M1 group. In a 10 s precontraction period M1 group
had a significantly lower HR increase comparing to other analysed groups (P < 0.01). HR was
significantly decreased in the M1 group during the recovery period comparing to the control and
M2 groups (P < 0.05). Both parts of autonomic nervous system, PNS and SNS branches, were
impaired in migraineurs. The M2 group had most likely decreased PNS activity and impaired SNS
activity. M1 group patients showed increased PNS activity. BFB training sessions reduced mi-

graine attack frequency and need for medication in the M2 group.
Key words: migraine, autonomic nervous system, biofeedback, handgrip.

INTRODUCTION

Psychological factors that influence pain experience are nu-
merous and can include mood, anxiety, thought processes,
personal coping mechanisms, social support, and personal-
ity factors, for example stress tolerance (Mc Guire et al.,
2008). Migraine is a highly prevalent disease affecting indi-
viduals, their families, and economies across the world
(Lipton et al., 2003). The highest prevalence rates have
been reported in North America, where 18% of women and
7% of men experience one or more migraine attacks per
year (Lipton et al., 2001), but figures from Europe are simi-
lar (Stovner et al., 2006).

Migraine is a chronic neurological syndrome characterised
by recurrent headaches and associated symptoms (nausea,
vomiting, etc.) lasting from 4 to 72 hours (Anonymous,
2004; Olesen, 2005). Extensive research of the underlying
pathophysiological mechanisms of migraine headaches
based on the above-mentioned symptomatic features would
favour a better understanding of the abnormalities and, thus
contribute to the improvement of life-quality of mi-
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graineurs. The knowledge gained would enable to select the
most appropriate and effective medical treatment as well as
utilize alternative non-medically oriented techniques along-
side with the pharmacologically oriented methods, for ex-
ample, self-regulating biofeedback mechanisms (relaxation
trainings etc.)

The studies regarding the function of autonomic nervous
system (ANS) of migraineurs are inconclusive. Both hyper-
function (Yakinci et al., 1999) and hypofunction (Peroutka,
2004) of sympathetic nervous system (SNS) activity have
been reported. Similarly, data on the function of the para-
sympathetic nervous system (PNS) are inconsistent: the evi-
dence of several studies investigating clinical features and
mechanisms of headache supports a decreased PNS activity
(Sanya et al., 2005), whereas a number of other studies
show an increased PNS activity (Yakinci er al., 1999; Yar-
nitsky et al., 2003; Avnon et al.,, 2004).

In contrast, the study conducted by Pierangeli et al. (1997)
reported no changes in variables of heart rate (HR) and arte-
rial diastolic blood pressure (dBP) in migraineurs in com-
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parison with controls assessed by Valsalva manoeuvre and
orthostatic tests. The results reported by Cortelli et al.
(1991) were similar. Although the findings provide no sig-
nificant disturbances in ANS, increased heart rate (HR)
variables at rest and comparatively greater increase in arte-
rial blood pressure (ABP) in migraineurs in comparison
with controls, implicated non-specific SNS hyperactivity.

In our study, we utilized a similar methodology to assess
the features of ANS function in migraineurs in comparison
with controls.

In many clinics all over the world, non-medical treatment is
considered as an alternative or an addition methodology to
pharmacological treatment for the reduction of frequency
and severity of migraine attacks. One of these approaches is
the biofeedback method (BFB) (Nestoriuc and Martin,
2007; Kabbouche and Gilman, 2008) used in our study.

The aim of the study was to determine the parameters of
ANS in migraineurs and to find out and adapt the optimal
BFB training.

MATERIALS AND METHODS

Participants. Data from 22 migraine patients (female, aged
18-25, average 22.2 + 2.4 years) and 14 healthy, non-
trained age and sex matched control group persons without
any other diseases were analysed. All medications, if any,
had been discontinued at least 1 week before the study. The
migraine patients were divided in two groups (M1 and M2)
according to HR and baroreceptor reflex sensitivity (BRS)
at rest. We suggested that these groups would differ in ANS
function.

Procedure. Subjects were tested in supine position in a
quiet room after a 10-min adaptation period. HR, ABP and
BRS were recorded continuously during physical rest, pre-
contraction orientation reaction (10 s period), static muscu-
lar effort (handgrip), and afterwork arterial occlusion (AO)
on loaded extremity and recovery period by Task Force
Monitor device (CNSystems Medizintechnik, Austria).
Handgrip (HG) was performed with 50% of maximal volun-
tary contraction force (MVC) by dominant arm comfortably
fixed on the support. The MVC was determined by applying
a hydraulic dynamometer system securing optimal visual
feedback control. MVC was measured as the mean force
obtained in two maximal contractions separated by at least
two minutes. HG with force 50% of MVC was performed
for 60 s after 10 s of precontraction. During the last 5 s of
HG, a pneumatic cuff was inflated at 250 mm/Hg on the up-
per arm of loaded extremity to arrest the circulation. Pressor
reaction (PR) level during post exercise occlusion is associ-
ated with activation of chemically and mechanically sensi-
tive afferents (Il and IV group) in contracting skeletal mus-
cle (Mark et al., 1985). Non-invasive spontaneous
baroreflex sensitivity sequence method was a measure to
BRS (Bertinieri et al., 1985, Parati et al., 1988) The recov-
ery period was ten minutes.
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Biofeedback 2000 X P device (Schuhfried GmbH, Aus-
tria) was used for BFB training. Blood volume pulse ampli-
tude (PVA) training of a. temporalis was used with the aim
to optimise ANS function and reduce PVA measurement of
the difference between the highest and lowest values of the
blood volume pulse (BVP) relative to the maximum record-
able range. A reflex pulse sensor was attached to the patient
temple to receive PVA of a. temporalis. The sensor consists
of an infra-red light source and an infra-red receiver. The
infra-red light source operates at constant intensity. The pul-
sating change in blood flow causes fluctuations in the
brightness of the reflected or transmitted light. These fluc-
tuations are filtered out, amplified, and displayed as the
BVP parameter. Visual biofeedback was maintained on a
computer monitor during the entire session to ensure patient
control of PVA. One session lasted for 20-30 minutes dur-
ing which time the patient was asked to maintain reduced
PVA as long as possible. Patients attended trainings 2-3
times a week. Migraine drug usage, pain frequency and in-
tensity were recorded before and during biofeedback train-
ing sessions.

Statistical analysis of data. Data are presented as mean =+
standard deviation (SD). Analysis of variance (ANOVA)
and paired Student t-tests were performed to indicate sig-
nificant differences (P < 0.05).

The study was approved by the Ethics Committee of the
University of Latvia Institute of Cardiology for clinical and
physiological research, and pharmaceutical product clinical
investigations.

RESULTS

At rest 60% of all migraine patients (group M1) had signifi-
cantly decreased HR compared to the control group (61.9 +
5.6 beats/min vs. 77.1 £ 4.9; P < 0.01) (Fig. 1). There were
no statistically significant differences in HR between the
M2 and control groups (78.8 = 8.4 vs. 77.1 + 4.9 beats/min;
NS). During the 10 s precontraction period (orientation re-
action), the M2 group showed a tendency toward HR in-
crease in comparison with other analysed groups (91.0 + 3.6
vs. 70.7 £ 6.3 vs. 81.2 + 6.8 beats/min P < 0.01), while the
MI group had a significantly lower HR than the control
group. No statistical differences were found in the increase
of HR during HG between analysed groups. The M1 group
had a significantly lower HR comparing to the M2 group
(64.1+ 6.1 vs. 79.7 = 8.5 beats/min; P > 0.01) during AO.
HR was significantly decreased in the M1 group compared
to the control and M2 groups (61.6 + 5.9 vs. 76.0 + 6.2 vs.
74.5 £ 9.5 beats/min; P > 0.01) during the recovery period.

Significant differences in systolic blood pressure (sBP)
were found in the M2 group compared with control and M1
groups (123.9 £3.9 vs. 109.4 £ 5.1 vs. 109.3 £1.8 mmHg;
P < 0.01) at rest (Fig. 2). At the end of static workload, sBP
increase showed a trend (P > 0.05) toward significance in
the M2 group in comparison with control and M1 groups
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(135.5 + 4.8 mmHg vs.124.5 = 8. 6 mmHg vs. 120.4 £ 5.5
mmHg; P > 0.05).

There were no significant differences in diastolic blood
pressure (dBP) dynamics in the analysed groups.

Regarding sBP dynamics (Fig. 3) during after-load AO, the
M2 group had retained 35.6% of PR reached at the end of
static muscular effort, while controls retained 46.5% and
M1 retained 56.7%.

Using spontaneous baroreflex sensitivity sequence method
M2 group showed a significantly (P < 0.01) decreased BRS
at rest comparing to control group (9.5 + 2.3 vs.15.0 + 3.4
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ms/mmHg) and significant (P < 0.01) difference comparing
to M1 group (9.5 = 2.3 vs. 29.7 + 10.1 ms/mmHg) (Fig. 4).

Before training and during the biofeedback training process
migraine patients were asked to complete migraine diary.
Migraine patients used medication (Sumatriptan 50-100
mg) during migraine attacks. For pain severity assessment
visual analogue pain scale was used. It was found that PVA
training for a. temporalis significantly decreased medication
use in the M2 group compared to the period before non-
medical treatment (Fig. 5). Also, an insignificant trend of
decreased pain intensity and migraine attack frequency (Fig.
6) in the biofeedback period was observed. These trends
were not seen in the M1 group.
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DISCUSSION

The obtained results agree with previous studies regarding
HR at rest in the control group (Agelink et al., 2001). There
were no significant differences in HR between the M2
group and controls at relative physical rest. In contrast, sig-
nificantly lower HR was detected in M1 group, which might
be related with increased PNS activity. This was confirmed
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also by BRS analysis. The observed significant increase in
sBP and unchanged dBP variables might be related with in-
hibition of PNS activity in M2 group patients. However, in
some studies an opposite effect was found, such as, de-
creased sBP (Gudmundsson et al., 2006) and increased dBP
(Shechter et al., 2002) at rest. These discrepancies may be
associated with different ANS activity properties of mi-
graine patients.
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The BRS data in the control group were similar to those in
other studies (Kardos et al., 2001). A changed sympatho-
vagal balance in both M1 and M2 patient groups was shown
by a significantly increased BRS in the M1 group and de-
creased BRS in the M2 group in comparison with controls.
In studies using the spontaneous sequence method as in our
investigation, BRS was increased in migraineurs in compar-
ison with the control group at rest (Nilsen et al., 2009). We
determined BRS only at relative physical rest due to me-
thodical restrictions.

The orientation reaction in thee-load period also showed
significant PNS inhibition in the M2 group in comparison
with controls. This was supported by a significant HR in-
crease even before the onset of the HG. This might be re-
lated with decreased stress tolerance in M2 group patients.
In contrast, the M1 group showed a lower HR increase com-
paring to the M2 group during preload orientation reaction.
There is insufficient data in the literature regarding orienta-
tion feedback in migraine patients.

The decreased HR increase at the end of HG in M2 group
might be associated with already inhibited PNS activity in
pre-load period. Only some studies have considered HG in
regard to ANS function detection in migraineurs. In one of
these studies, where a 30% MVC muscle contraction force
was used, a significantly decreased HR increment during
HG was stated, which was associated with sympathetic
hypofunction (Pogacnik ef al., 1993). No substantial differ-
ences were found in dBP dynamics in our study, whereas
different results were presented in above mentioned study at
static load. Authors reported a tendency toward a lower dBP
increase and its absolute value compared with the value at
rest was decreased. In a study on common migraine and mi-
graine with panic attacks, a lower increase of dBP during
HG with 30% MVC was observed in both migraine groups
(Osipova, 1992). It was also shown that the mean blood
pressure increase at the end of HG with 30% MVC was de-
creased due to SNS hypofunction (Mosek et al., 1999). This
was supported by other study, where a difference in ABP
increase during static load (HG) between migraine patients
and controls was found. The migraine group showed a sig-
nificantly lower ABP increase during HG with 50% MVC
indicating SNS dysfunction (Benjelloun et al., 2005).

Also, it should be mentioned that different age migraine pa-
tients participated in above studies (Pogacnik et al., 1993;
Mosek et al., 1999). Thus, the difference with our study
group might be associated with different age groups in-
volved.

The sBP increase was higher in controls compared to the
M2 and M1 groups during HG. After load AO which is as-
sociated with activation of III-IV group afferents by metab-
olites in the loaded extremity the remaining increase was
smaller in the M2 group compared to the control and M1
groups. This could be explained by a decrease of PNS inhi-
bition by central command, PNS function normalisation or
by re-establishing ANS balance, suggesting that the sympa-
thetic part of ANS is also impaired in the M2 group. Pressor
reaction during AO did not differ significantly between the
M1 and control group. During the recovery period, HR and
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sBP decreased below the baseline level in the M2 group,
suggesting inhibition of PNS function in the pre-load period
and lowered stress tolerance.

The obtained data on function of ANS in migraineurs sug-
gests about impairment of both parts of ANS activity. There
was most likely impairment in both branches of the ANS in
the M2 group, with decreased PNS activity and impaired
SNS activity, but M1 group patients showed increased PNS
activity.

Sympatho-parasympathetic balance in migraine patients can
be improved using the BFB training method (Herman and
Blanchard, 2002; Scharff et al., 2002; Blanchard and Kim,
2005; Martin et al., 2007; Nestoriuc and Martin, 2007;
Kabbouche and Gilman, 2008; Nestoriuc et al., 2008). The
migraineurs were trained using the BFB training method,
with the aim to estimate the efficacy and to elaborate an op-
timal training regimen. The most used and effective training
methods for migraine therapies are temperature training and
PVA training (Herman and Blanchard, 2002). It should be
mentioned that PVA measurements within a single biofeed-
back session are highly reliable (Speckenbach and Gerber,
1999). We preferred to use PVA training due to its proven
efficacy showed in previous investigations (Lisspers and
Ost, 1990; Blanchard and Kim, 2005).

In BFB training sessions, female migraineurs aged 18-25
years participated. We did not find any literature regarding
training of migraineurs in this age group which also consid-
ered ANS function.

The optimal training period when method provides effect
was six weeks for each person in the M2 group with train-
ing session duration at least 20 min and 2-3 times weekly.
It was suggested that founded relaxation training methodol-
ogy which include 2-3 sessions weekly for 1-1.5 months
was optimal for improving of ANS function in migraine pa-
tients with decreased stress tolerance. It was also shown that
PVA training was the most suitable and effective method in
comparison with other methods recommended for non med-
ication migraine treatment, such as EMG and temperature
trainings for M2 group suggested by reduced frequency of
migraine attacks as well as less medication-intake, thus pro-
viding evidence of the beneficial potential of the training
session methodology.

Such beneficial effects were not found in the M1 group sug-
gesting that elaboration of optimal BFB methodology
should be associated with assessment of ANS parameters. It
should be mentioned that M2 migraine group was with de-
creased stress tolerance so ANS lability could be connected
with PVA changes in a. temporalis and headache. Training
for stabilizing PVA could decrease the pain severity and
drug usage. PVA methodology is usable for stabilizing both
branches of ANS however it might have had higher effect
on PNS activity and that would be the reason of infectivity
on M1 group, where PNS function was found already de-
creased. In the future the optimal training regimen for other
migraine groups will be elaborated and larger patient groups
will be studied, with the aim to evaluate the longitudinal ef-
fect of BFB training.
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AUTONOMAS NERVU SISTEMAS DARBIBAS IPATNIBAS MIGRENAS PACIENTIEM UN NEMEDIKAMENTOZA ARSTESANA
MIGRENAS LEKMJU STARPLAIKOS

Petijuma mérkis bija noteikt autonomas nervu sistémas (ANS) darbibas Ipatnibas migrénas pacientiem un izstradat optimalas biologiskas
atgriezeniskas saites (BAS) treninmetodes. Sirdsdarbibas frekvence (SF), arterialais asinsspiediens un barorefleksu jutiba (BRJ) tika mérita
relativa fiziska miera, statiska slodze, pecdarba arterialaja oklizija un atjaunoSanas perioda. Petijuma piedalijas 22 migrénas pacienti (sievietes,
vecums 22,2 + 2,4 gadi) un 14 péc vecuma un dzimuma atbilstoSas veselas kontroles grupas sievietes. Péc SF un BRJ datiem miera migrénas
pacienti tika iedaliti divas grupas (M1 un M2). Relativa fiziska miera stavokli 60% migrénas pacientu (M1 grupa) tika konstat€ta samazinata
SF, salidzinot ar kontroles grupu (P < 0,01). BRJ miera stavokli M2 grupai salidzinot ar kontroles grupa un M1 grupu bija samazinata (P <
0,01). 10 sekunzu pirmsslodzes perioda, kas tika saistita ar orientacijas reakciju un mobilizaciju darbam, M1 grupa bija ievérojami mazaks SF
pieaugums, salidzinot ar citam analizétajam grupam (P < 0,01). AtjaunoSanas perioda M1 grupai SF tika konstatéta ticami mazaka, neka
kontroles un M2 grupas (P < 0,05). Tika konstatéts, ka abas ANS dalas — parasimpatiska nervu sisttma (PNS) un simpatiska nervu sistéma
(SNS) ir izmainitas migrénas slimniekiem. M2 grupa vérojama samazinata PNS aktivitate un izmainita SNS aktivitate. M1 grupai ir palielinata
PNS aktivitate. BAS trenini samazinaja zalu lietoSanu migrénas lekmém un migrénas lekmju frekvenci M2 grupa, bet butiski neietekméja
rezultatus M1 grupa. Talaki petjjumi par nemedikamentozas modulacijas iespgjam tiks veikti M1 grupa.
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