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Amongst the various forms of headache migraine is differentiated by
three main criteria: (1) intense pain, hemicranic in type, of which (2)
beginning and termination are clearly defined (meaning pain occurs in so-
called fits or attacks) and which is (3) recurring periodically. It should
be distinguished from continuous headache (vasomotor cephalea) even if the
latter is only one-sided (hemicranic) and pulsating or of changing intensity
as in waves. Typical and rare symptoms accompanying migraine such as
vomiting, scotomata, vegetative disturbances and others we shall not discuss
here since they have been presented separately (Barolin4),

The pathophysiological concept of migraine originated in studies of
Graham and Wolff ¢ and was supported and extended later by Heyk? and
Pichler 20, Generally, one assumes a trifold vascular process consisting of
(1) initial vasoconstriction, (2) overshooting vaso-dilation causing (3) stasis
of blood in terminal vessels, occasionally accompanied by edematous transu-
dation into surrounding tissue. Some assume abnormal patency of pre-
capillary arterio-venous anastomoses to play a role in this mechanism.

Lately, several “vaso-neuro-active substances” have been described (mainly
by Sicuteri?® and Saraiva 22) and their role in the evolution of migraine
was stressed. Inspite of these new humoral aspects which are being studied,
the aforementioned aspect of vascular phenomena in the pathophysiology of
migraine remains to be regarded as the most pertinent and ascertained
concept at this time.

Therefore, it seems most convenient to have an indirect electrical method
available for observing cerebro-vascular changes; rheoencephalography (REG)
is a method which allows apparently to objectivate such changes. It should
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be appropriate and interesting to compare the results obtained by this
method with EEG-tracings in cases of proven migraine. Should our present
concept of the pathophysiology of this disease be correct, one would expect
changes in the realm of cerebral circulation primarily and only secondarily
those relating to activity and metabolism of cerebral parenchyma. By its
properties and definition, REG then should give better indications of our
insight into pathology in cases of migraine than EEG may provide. Just
the opposite should apply to cases of primarily metabolic disorders.

EEG-findings in migraine have been reported extensively (Barolin?);
one may observe diffuse abnormality of bioelectrical activity of the brain
(e.g. dysrhythmia with interspersed sharp waves) as well as localized
changes, especially in recordings during an attack (focal character). Obser-
vations on REG also have been made (Orioli et al.®), In our study we
shall compare relative merits of REG and EEG after having determined the
value of REG as a diagnostic tool in cases of migraine.

MATERIAL AND METHODS

For examining the problem at hand, we recorded rheoencephalograms (REG)
of all patients with suspected migraine that entered the neurological service of
the “Neurological Hospital of the City of Vienna — Rosenhiigel” during a 2-months
period. 54 patients were subjected to REG during the pain-free interval period;
in some of these cases hemodynamic observations were also possible during an acute
episode of pain. These patients were part of a large group of persons suffering
from migraine collected and controlled frequently in this hospital over an 11 year
period as in- and out-patients. While hospitalized, they were completely and repea-
tedly examined physically and neurologically, including the entire range of clinical
work-up. EEG had been recorded repeatedly in all cases. When indicated, carotid
or/and vertebral or 4-vessel-angiography and pneumo-encephalography were done.
Therefore, accuracy of diagnosis may safely be said to be of the highest standard
possible to-day.

To judge changes in cerebral hemodynamics, indirect electrical monitoring
(= REG) was chosen because this special application of the impedance technique
was seen to be diagnostically valuable and reliable according to studies of many
authors in many conditions. Basically, the principle of REG makes use of the
changes of impedance due to circulatory events when applying an alternating current
to parts of the body. Variations of impedance are depending on hemodynamic cha-
racteristics since impedance of blood is sufficiently better than impedance of other
organs (muscle, adipose tissue, glands, bone, etc.) and the latter does not change
(Mann ), while the volume of blood does change within a body segment with the
propagation of the pulse wave.

Observations of the actual volume changes are called mechanical plethysmograms.
For observing corresponding electrical changes, a sophisticated double bridge circuit
(Doppelrheograph Dr. Schuhfried) was used. The relevance of this method for
observing intracranial (= cerebral) circulation using skin surface electrodes has
been discussed and shown previously (Jenkners, ®). The advantage of the two-elec-
trode system over other models has been demonstrated (Seipel ). Evidence of this
may also be deduced from an ophthalmologic application of the impedance technique
(Bettelheim 5).

The REG-tracing has the shape of a phasic sinusoidal wave recurring with each

heart action but delayed to the latter for such a time interval as is required for
the propagation of the pulse wave to the organ or part of body in question. For
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the cerebrum, the normal time passing from R-wave of EKG to initial rise of REG
is about 0,10 sec. and from R-wave to main (= first) peak norma'ly equals about
0,25 sec. These time intervals do not show significant differences with sex but do
correlate with the physiological age of cerebral vessels in the normal subject. Not
unlike blood pressure recordings it has 2 peaks (the first one higher than the
second one) separated by a notch.

Among the many criteria (Jenkner ) which have been used for evaluating
REG-tracings two have shown to be interesting in respect to our question here and
shall be mentioned in some detail. First of all there are temporal relations. The
time at which the main (first) peak of the tracing occurs in relation to either initial
rise of curve or R-wave of EKG may be compared to the normal values or between
curves of the two hemispheres. Temporal relations of the two peaks of the REG-
tracing (i.e. time interval from first to second peak) may be indicative of patho-
logy also. The second characteristic value useful for us here is the so-called relative
pulse-(wave-)volume (Kaindl®). This is an index calculated from amplitude of
curve (expressed in Ohms), basic value of overall resistive impedance (expressed
in Ohms) and pulse rate/min. This index gives a good relative (semiquantitative)
value for estimating pulse wave volume. Its meaning for cerebral application
(REG) has been clarified only recently (Jenkner ).

Because of significant results from application of REG during an orthostatic
stress test (Jenkner ) it was decided to include this testing in the diagnostic
program of our patients. 43 of 54 patients were subjected to this procadure. Recor-
ding of REG and EKG was done by means of a three channel direct recording
apparatus. In the continuous tracings of the orthostatic stress test, only original
REG-leads using one frontal (= ground) and one mastoid (= active) electrode for
each hemisphere were registered with simultaneous EKG, while for the short routine
recordings these were followed by registering derivative curves together with EKG.

RESULTS

The results of vur study will be presented in three parts. At first glance
routine registration of REG in the interval period between pain episode (taking no
longer than just a few minutes) revealed an abnormal shape of the tracing in
only 7 of our 54 patients. An example of such a curve is shown in fig. 1 (compa-
rison with normal and arteriosclerotic records). This same configuration was obser-
ved in 1/8 of our patients constantly. It is characterized by low (= late) position
of the second peak in the catacrote part of an REG-phase.
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Fig. 1 — Sequence of REG-tracings of a mormal subject (left), an arteriosclerotic
subject (middle) and a person suffering from migraine (right). ECG =
electrocardiogram,; R(L) = REQG of right (left) hemisphere.
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As a second point of importance the results of calculating values for relative
pulse wave volumes (= Ppg) during an orthostatic stress test (slightly modified)
shall be presented. It becomes evident that irrespective of the time course of
changes in blood pressure and pulse rates, values of Pp deviated markedly and in
a monotonously characteristic way from those typical curves these values show
in either normals or subjects with hypotensive (or hypertensive) dysregulation
when performing exactly the same type of orthostatic stress test (Schellong 2). A
comparison of the representative course of Pp-values during a Schellong-test as seen
in patients displaying orthostatic hypotension with the course of values for a
patient with migraine is shown diagrammatically in fig. 2. Here, the 27 yr. old patient
is the one with hypotensive dysregulation while the 52 yr, old subject (G.H.)
suffers from migraine. In the case of the latter patient Pp-values increase during
standing up (even sitting) and deviate from a decrease of these values as is
usually seen in hypotensive subjects. They also differ from the minimal tendency
towards decrease seen in normal subjects. These differences will have to be explained.
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Fig. 2 — Diagram showing course of relative pulse
wave wvolume (Pp) in promille during
orthostatic stress test (A = resting hori-
zontally, 1 = immediately after rising to
erect position; 2 = 5 min. after rising;
3 = 10 min. after rising; E = after assu-

ming horizontal position). Right (o) and
left (x) hemispheres are presenied sepa-
rately for 2 palients: K.M., 27 yrs, dg..
hypotension; G.A., 52 yrs, dg. migraine.

Having observed REG changes representing disturbances in hemodynamics in cases
of migraine to occur in a fairly large percentage of cases (just as had been
observed by others, e.g. 65%: Orioli et al.®), comparison of these findings with
incidence of pathological EEG reports becomes rather important. Such a compa-
rison might help to establish the relative value of both these examinations for
diagnosing migraine. With this in mind, it is of importance to see (in addition
to those cases, where both REG + EEG are pathological and in accordance with
clinical signs), the frequency of correct REG-findings with incorrect EEG-findings
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(or vice-versa) and how these correlate with other investigations and the clinical
picture. We thought it relevant enough to compare lateralizing pathology by EEG
and REG and used the correctness (or incorrectness) of the detected side of
pathology as our criterion. As seen from data in the table 1, REG-tracings agreed
three times as well with the correct clinical condition than did EEG-tracings. In
3 cases both examinations deviated from the clinical picture.

Comparisons REG = clin. signs EEG = clin, signs EEG = REG
EEG not correct REG not correct clin. signs differing
Case numbers 8, 13, 17, 18, 28, 25, 27, 33 20, 49, 51
36, 43, 44, 54
Table 1 — To compare correctness of REG wversus EEG and clinical signs.

Finally it may be interesting to compare EEG and REG results of this group
of migraine patients with patients having similar affections of cerebral circulation.
A group of patients with Meniére’s disease and syndrome and a group of proven
arteriosclerotic changes in cerebral vessels both studied at a previous occasion
(Jenkner and Vojacek 2) was used. The results of this comparison is presented
as the table 2.

EEG REG
s Nr. of . !
Condition cases abnormality susp. other normal pathol, normal
focal gene- epilepsy pathol.
ral
Migraine 54 6 25 —_ — 11 46 8
Meniére 49 5 3 2 — 27 49 —
Arteriosclerosis 40 11 2 1 1 17 40 —

Table 2 — Comparing pathology of REG and EEG-tracings im cases of migraine,
Meniére and arteriosclerosis (figures for Meniére syndrome and arterios-
clerosis from Jenkner & Vojacek %),

DISCUSSION

To judge changes in cerebral hemodynamics the indirect electrical moni-
toring (REG) was selected because this special application of the impedance
technique was seen to be diagnostically valuable and reliable according to
the studies of many authors in the following conditions: determining the
biological age of cerebral vessels; cerebral arteriosclerosis; arterial stenosis
and occlusion (except of minute vessels; Schreiber 24); a.-v. shunting, as
in angiomata, carotid-cavernous fistulas, etc.; cerebral trauma (contusion
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and distinction of it from hematoma); cerebral compression (also from
abscess); clarifying causes of stroke (with of without occlusion/stenosis of
vessels or hemorrhage); objectivating causes of cerebro-vascular insufficiency;
testing of various physiclogical and pathological conditions such as carotid
compression (for determining lateralisation of dependence on carotid blood
supply and sufficiency of collateral flow), lack of O: (athletic stress, e.g.
diving) and increase of g (by increasing acceleration in a human centrifuge)
It must be mentioned that few authors have reported the method not to
be suitable for some of these purposes (e.g. Perez-Borja and Meyer '9),
However, in most of these circuiting of apparatus and “selection” of patients
may be subject to criticism and the approximate relation of affirmatory to
negative reports in the literature is about 350 to one at this time.

At first let us regard the deviation of the shape of an REG-tracing from
a normal record seen in a routine REG of only 7 migrainous patients. The
later occurrence of the second peak (i.e. lower on the catacrote slope; fig.
1) was not seen in any other well defined clinical condition studied. Such a
shape may be postulated mathematically only (applying the theory of REG
to a practical problem; Roth?2!) if there are existing certain criteria of
damping (within the skull) of the pulse wave (initiated by cardiac actior)
as they should be present in cases of low CSF-pressure or decreased amount
of CSF within the intracranial space. Because of the small number of
cases in which this shape was observed one should not specify this as a
typical shape.

The control of the mathematically postulated condition comes when we
regard the later (and lower on the catacrote branch of the tracing) occurring
notch and second peak as a correlate of decreased peripheral vascular resis-
tance, contrary to earlier (i.e. higher on declining slope of REG occurring
notch in cases of increased peripheral vascular resistance, which was mathe-
matically postulated by Kenner #). Thereby a slower propagation of the
pulse wave in cases of migraine would have to be postulated. To judge this
with the slightest degree of significance our number of observations is far
too small. However, we did compare the respective time intervals from our
7 cases with the same values of 178 average normal REG-tracings (evaluated
by computer) using 100 phases of each subject and the values for migraine
patients were higher, meaning the impression of a slower propagation of
pulse wave was conveyed.

Comparing the average of 100 phases of each of 246 arteriosclerotic pa-
tients, which should have a higher speed of propagation of pulse wave the
mean of this same time interval was shorter (even though not significantly
so) than in 178 normal REG’s.

Other changes of shape of REG phase observed among our patients were:
12 cases of a form rather typical for arteriosclerotic subjects (moderate to
severe changes) and 8 normal tracings. Once only a shape was seen known
to signify a vasospastic state; here, a higher than normal pulse wave velocity
was observed together with an earlier (higher on the declining slope of REG)
second peak.
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Summarizing this part of our results it seems that there is a group of
migraine patients in which the mathematical analysis of REG suggests that
they have decreased peripheral vascular resistance. We could see only one
case where increased peripheral vascular resistance was deduced from REG-
analysis. Another group showed arteriosclerotic changes which might of
course cover up and thereby make impossible to detect other REG-changes.
To correlate the respective changes seen in peripheral vascular resistance with
the diagnosis of migraine would require confirmation of our results on a
much larger number of cases. After this discussion of abnormal findings in
the timing of details of an REG-record we proceed to regarding findings of
REG-tracings during an orthostatic stress test on our patients.

First of all, it should be mentioned that the values for relative pulse
wave volume (Pgr) calculated from routine REG (short time registration) of
our migraine patients were found to be subnormal. This supplements the
low incidence of rather abnormal shape of REG observed but must be and
can be differentiated from the decrease of Pr found in cases of CVI of
varying causes. A good means of such differentiation is calculating and
diagrammatically sketching the Pgr-values for the various parts of a conti-
nuous tracing obtained during performance of an orthostatic stress test.
Migraine patients show a very much different type of course of the Pr-values
during such a test than is seen in all other pathological states and normals.
43 of our 54 patients were submitted to this test and the following courses
of Pr-values were seen: 13 times the course could be called normal, 4 times
it was judged as pointing to hypotensive dysregulation and 26 times a course
was found which is shown in fig. 2 and could be termed “migrainoid”.
Since not only the latter cases but also those 4 showing hypotensive trends
belonged to the group of proven migraine, 2/3 of the courses of Pg-values
showed what was called “migrainoid” characteristics and this asks for further
discussion and explanation.

Amongst the possible mechanisms responsible for such a course the one
most likely to provide an explanation presupposes that the sensitivity of
reflexes regulating hemodynamics is very high in patients suffering from
migraine. These patients most commonly are hypotensive. Because of this
hypersensitivity, a further small drop in (brachial artery) blood pressure will
be overcompensated and an increase of relative pulse wave volume is resulting.
Otherwise Pr would decrease or at least stay stable during the orthostatic
period of the test. Therefore it does not surprise to find initial Pr-values
low as is true for all hypotensive subjects.

These two findings just discussed suffice to achieve better results of
evaluation of REG-tracings than was evident from EEG-findings. Already
in the introduction we postulated that any pathological vascular mechanism
must better show in an (even indirect) study of hemodynamics than in an
examination based on bioelectrical activity (or metabolism). Therefore it is
not surprising that in studies on cases of Meniére and cerebral arterioscle-
rosis, equivalent better diagnostic value was observed for REG than for
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EEG. Of course, one clearly understands that 509% of EEG’s were patholo-
gical in arteriosclerotic patients because of longer standing of the organic
pathology. In this condition, 100% of REG records were pathological. On
the other hand, in Meniére’s attacks, only a 25% rate of pathological EEG-
findings was seen while no REG tracings were normal. Our study of REG
pathology in these 2 last conditions therefore is confirmed in its differential
diagnostic value by the observations in cases of migraine, where 73,6% of
EEG and 82,7% of REG were pathological.

This study then shows that REG as a technique supplying insight into
an aspect of cerebral circulatory events provides a better basis for diagnostic
evaluation of cases of migraine than does EEG. The small number of
our interval tracings on routine REG examinations (1/8 of total number
of cases studied) expresses the complexity of the problem: the supply areas
of both carotid and vertebral arteries as well as possibly the extracranial
vascular bed (Anthony et al.l) may be involved in the pathophysiology of
migraine,

Our observations on the course of relative pulse wave volume during a
certain circulatory stress and their explanation by overshooting reflex regula-
tion provides a basis for understanding of the largely unsatisfactory therapeutic
effect sympathomimetic drugs have in cases of migraine. Generally, it is
regarded as typically for migraine that in the many hypotensive migrainous
patients derivatives of synephrine usually are of little avail and fail to norma-
lize blood pressure. This study gives an experimentally founded explanation
why this is so.

From these empirical observations alone one should not deviate too
much into theoreticizing suppositions; however, it is very satisfying that
REG apparently allows to objectivate the cerebrovascular state also in
migraine. Our results are ascertained by comparison with series of
studies in similar conditions. Now it seems that such studies may also be
applicable to and useful in following and evaluating therapeutic results espe-
cially in view of their harmlessness which invites repetition.

SUMMARY

The pathophysiological concept of migraine presently held attributes the
major changes to vascular factors. Therefore, it seemed appropriate to use
rheoencephalography to test cerebral hemodynamics in cases of migraine.
This very harmless and well suited method revealed: (1) on routine tracings
during the painless intervall only 1/7 of the cases showed significant changes,
while more than 2/3 could be classified with the help of an orthostatic
stress test under REG-observation; (2) REG is more often correct for
diagnosis than EEG and this does not surprise since REG monitors cerebral
hemodynamics directly while EEG records activity for parenchyma and thus
only secondarily depends on circulation; (3) similar conditions were pre-
viously seen in Meniére’s disease where EEG also is less efficient than REG.
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According to the results of this study, it should be interesting to include
REG in the work-up of migrainous patients. In these and under similar
conditions, REG will be of diagnostic value.

RESUMO
Reoencefalografia: observagbes na enxaqueca

No conceito fisiopatolégico da enxaqueca atribui-se grande importancia
as alteracdes vasculares. Por esta razio empregamos a reoencefalografia, mé-
todo simples e in6cuo que nos pareceu o mais adequado para estudar a hemo-
dindmica cerebral em casos de hemicrania. Nossas conclusdoes foram as
seguintes: (1) nos tracados reoencefalograficos de rotina encontramos, em
apenas 1/7 dos casos, alteragbes qualitativas e quantitivas significantes no
periodo intercritico da enxaqueca, ao passo que mais de 2/3 dos tracados po-
diam ser classificados como patoldgicos e caracteristicos, desde que utilizasse-
mos o teste ortostatico de Schellong; (2) a reoencefalografia parece ser mais
precisa do que a eletrencefalografia para o diagnostico de hemicrénia; éste
fato é compreensivel pois o reoencefalograma registra diretamente a hemo-
dindmica cerebral, enquanto que o eletrencefalograma registra a atividade
bioelétrica do parénquima a qual, por sua vez, apenas secundariamente depen-
de de circulacdo sangiiinea; (3) resultados semelhantes foram, também, obser-
vados em casos de sindrome de Meniére nos quais a eletrencefalografia seria,
também, menos 0til que a reoencefalografia.

De acdérdo com éstes resultados, parece-nos ser licito sugerir a inclusio
da reoencefalografia na rotina e no contrdle terapéutico de pacientes com
hemicrania. Nesta e em outras condigées similares a reoencefalografia é
um método paraclinico de alto valor.
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