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Cerebral Hemodynamics in Migraine 

V. C. HACHINSK1, J. OLESEN, J. W. NORR1S, 
B. LARSEN, E. ENEVOLDSEN. AND N. A. LASSEN 

SUMMARY: Clinical and angiographic 
findings in migraine are briefly reviewed 
in relation to cerebral hemodynamic 
changes shown by regional cerebral 
blood flow (rCBF) studies. Three cases 
of migraine studied by the intracarotid 
xenon 133 method during attacks are 
reported. 

In classic migraine, with typical prod­
romal symptoms, a decrease in cerebral 
blood flow has been demonstrated dur­
ing the aura. Occasionally, this flow 
decrease persists during the headache 
phase. In common migraine, where such 
prodr.omata are not seen, a flow de­
crease has not been demonstrated. 

RESUME: Les resultats des examens 
cliniques et angiographiques dans la 
migraine sont revus en relation avec les 
m o difi c a t io n s h e in o dy n a m i q u e s 
demontrees par les etudes du flot 
cerebral regional (r CBF). L'auteur rap-
porte 3 cas de migraine etudies, pendant 
I'attaque, avec la methode au xenon 133 
intracarotidien. 

Dans la migraine classique avec 
symptomes prodromaux classiques on 
note une diminution du flot cerebral dur-
ant I'aura. Parfois cette diminution per-
siste pendant la phase de cephalee. Par 
contre dans la migraine commune, oil 
ces prodromes ne sont pus coniius, on ne 
note pas de diminution du flot. 
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During the headache phase of both 
types of migraine, rCBF has usually 
been found to be normal or in the high 
range of normal values. The high values 
may represent postischemic hyperemia, 
but are probably more frequently sec­
ondary' Io arousal caused by pain. 

Thus, during the headache phase 
rCBF may be subnormal, normal or 
high. These findings do not exclude the 
possibility of distension of the larger 
intracranial arteries during migraine 
headache, but the angiographic evi-
'dence, however limited, does not sup­
port this speculation. 

An cours de la phase de cephalees, 
dans les deux types de migraine, le r 
CBF est generalement normal on meme 
eleve. Ces valeurs elevees representent 
peut-etre une hyperemie postischemi-
que, mais sont probablement plus 
souvent causees par la stimulation 
secondaire a la douleur. 

Done, pendant la phase de cephalee 
migraine use, le r CBF pent etre has, 
normal ou eleve. Ceci n'exclut pas la 
possibility d'une distension des plus 
grosses arte res pendant la cephalee mig-
raineuse, mais I'evidence angiographi-
que, meme limitee, n appui pas cette 
speculation. 

The prevailing view of the 
pathogenesis of classical migraine 
postulates that the aura is due to 
vasoconstriction of cerebral vessels 
and the headache is due to dilatation 
of extracranial arteries. This view is 
based on clinical, experimental and 
angiographic observations, and on 
direct measurement of the cerebral 
blood flow (CBF) during migraine. 

Clinical Obser\>ations 

Clinical observations on the pos­
sible vascular etiology of migraine 
date from at least the time of Sir 
Thomas Willis (McNaughton, 1976). 
Subsequent reports have added de­
tail but not substance to Willis' evi­
dence. Analysis of the visual symp­
toms of migraine suggests not only a 
vascular pathogenesis, but that the 
maximum disturbance is within the 
supply of individual intracranial ar­
teries (Hachinski et al., 1973). Mar-
cussen and Wolff (1950) found that 
the physiological vasodilator CO: 
abolished the prodromal scotomata 
in patients with migraine. The 
physician-migraneur Cahan re­
corded his visual field defect before 
and after he inhaled the vasodilator 
amyl nitrate and found that inhala­
tion reduced the extent of his visual 
deficit (Wolff, 1972). The elimina­
tion or limitation of visual symptoms 
by such vasodilators implies under­
lying vasoconstriction, although the 
effects could be produced by other 
mechanisms. At times, a permanent 
neurological deficit occurs during 
the course of a migraine attack, 
which on rare occasions may prove 
fatal (Guest and Wolff, 1964). Com­
puterized tomography of the brain 
confirms that such deficits are sec­
ondary to cerebral infarction 
(Mathew et al., 1976; Hungerford et 
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al., 1976; Cala and Mastaglia, 1976) 
presumably due to severe vasocon­
striction. 

Angiographic Observations 
Dukes and Veith (1964) reported a 

case in which angiography during an 
attack of classic migraine showed 
vasoconstriction during the prod­
romal phase. Unfortunately, the 
PaCCh was not measured and thus 
the changing caliber of the vessels 
may have been due simply to the 
hyperventilation that is common in 
patients in distress. They also noted 
reflux of the contrast material into 
the basilar artery following an inter­
nal carotid injection. Other authors 
have made similar observations 
(Skinh0j, 1973; Norris et al., 1975). 
This finding is not pathological, but 
it is unusual, even when the contrast 
material is administered via an in-
tracarotid catheter. It implies that 
the pressure in the carotid system is 
greater than in the vertebro-basilar 
system. This could be produced 
either by increased pressure in the 
carotid distribution (as in arteriolar 
vasoconstriction) or by decreased 
resistance in the vertebro-basilar 
distribution. The occurrence of this 
phenomenon may be enhanced by 
hyperventilation (Hachinski et al., 
1977). 

Cerebral Blood Flow Studies 

The clinical and angiographic evi­
dence for the vascular hypothesis in 
migraine is indirect. Direct meas­
urements of CBF by O'Brien (1971) 
in 18 patients showed a 23% de­
crease in CBF during the aura phase 
and an 8% increase during the 
headache phase. The CBF studies 
were performed by the xenon 133 
(133Xe) inhalation technique. This 
method has a potential for error in 
migraine because it cannot distin­
guish reliably between cerebral and 
extracranial blood flow. In migraine, 
the cerebral perfusion may be de­
creasing while simultaneously the 
extracranial blood flow may be in­
creasing. Skinh0j and Paulson (1969) 
and later Skinh0j (1973) using the 
intracarotid ,33Xe method (which 
avoids the problem of extracranial 
contamination) also observed a de­
crease in global and sometimes re­

gional CBF (rCBF) during the aura 
and an increased CBF during the 
headache phase. In one of the cases, 
headache began while the aura per­
sisted and showed a mixed pattern of 
regional increases and decreases of 
cerebral blood flow. Mathew et al. 
(1976) made similar observations in 
cases of classic and complicated 
migraine. In addition, they observed 
that there was an increased CBF 
during headache in common mi­
graine. All these observations were 
made during different phases of mi­
graine on different patients. Norris 
et al. (1975) reported a case of classic 
migraine in whom CBF determina­
tions were made during the aura and 
headache phase on the same patient 
during the same attack. There was a 
considerable decrease of CBF dur­
ing the aura, which rose during the 
headache phase. The following re­
ports illustrate various changes in 
CBF during attacks of classic and 
common migraine. 

METHODS 
Informed consent was obtained 

from the patient in all cases. Re­
gional cerebral blood flow was meas­
ured by the intra-arterial 133Xe injec­
tion method (Lassen and Ingvar, 
1961). This involves percutaneous 
insertion of a thin polyethylene cath­
eter into the internal carotid artery 
(Seldinger technique) and the intra­
arterial injection of a bolus of 133Xe 
in saline. The washout of isotope is 
then followed by external collimated 
scintillation detectors, each measur­
ing a small area of the hemisphere. 
Case 2 was studied with a 32 detec­
tor CBF machine. The 254 channel 
equipment (Sveinsdottir et al., 1977) 
used to study cases 1 and 3 has a 
spatial resolution of approximately 1 
cm. (Hougaard et al., 1976). The 
rCBF values are calculated by the 
initial slope method (CBF init) as 
described by Olesen et al. (1971). In 
normal man the rCBF thus measured 
averages about 50 ml/100 gms per 
minute with the higher values an­
teriorly. The normal range is from 
about 40 to 70 ml/100 grams per 
minute and ischemia can be consi­
dered to be present when rCBF val­
ues of 20 ml/100 grams per minute or 
below are recorded. These values 

are displayed in coded colors so that 
the rCBF of each region can be 
appreciated visually by comparison 
with a color scale. All values are 
corrected for remaining radioactivity 
from preceding measurements, and 
arterial PaC02 was measured during 
each flow determination. Intra­
arterial blood pressure was meas­
ured by a transducer. 

Case 1 
A 45-year-old man had weekly at­

tacks since childhood, consisting of 
right-sided throbbing headaches, 
sometimes preceded by visual blur­
ring in the right eye. On admission to 
hospital following a migraine attack, 
he was drowsy and restless and 
showed left leg weakness and left 
hemianesthesia. Lumbar puncture 
revealed normal cerebro-spinal fluid 
(CSF) and the electroencephalogram 
(EEG) was normal. CBF was 
evaluated on the fifth hospital day. 
Low values were found (Fig. 1) both 
in the resting state and while listen­
ing to simple words. Shortly after­
wards, he developed a severe right 
frontal headache with nausea and 
photophobia, and then became ob-
tunded and confused. Two further 
CBF studies were performed at 5 
minutes and 25 minutes after this 
attack (Fig. 2 and Table 1). CBF was 
now decreased even further with 
values below the ischemic threshold 
of 20 ml/100 grams per minute in 

T A B L E 1 

Cerebral Blood Flow During Migraine 

MABP PaCO: CBF init 
(mmHg) (mmHg) (ml/100 g/min) 

CASE 1 
rCBF 1 85 42 40 

- 2 80 42 44 
- 3 90 40 40 
- 4 94 46 33 

CASE 2 
rCBF 1 78 35 34 

- 2 81 38 38 
- 3 77 36 38 
- 4 73 33 25 

CASE 3 
rCBF 1 105 41 73 

- 2 100 41 72 
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REGIONAL CEREBRAL BLOOD FLOW (rCBF) IN CLASSIC MIGRAINE 
Figure /—Case 1. Right lateral view. Each square represents 

the rCBF in a discrete area of the brain in ml/100 gm/min 
according to the color scale on the right of the figure. The 
rCBF values are low both during rest (upper figure) and while 
listening to simple words (lower figure). 

Figure 2—Case 1. The code is as in Fig. 1. rCBF 5 minutes 
(upper figure) and 25 minutes (lower figure) after the onset of a 
migraine attack. At 5 minutes there is an area of high How but 
the CBF is otherwise decreased. At 25 minutes the rCBF is 
even lower, with values below the ischemic threshold of 20 
ml/100 gm/min in the posterior part of the hemisphere (lower 
figure). 

Tii-^iooTavnrii 
«Cfl fil 
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rCBF IN COMMON MIGRAINE 
Figure 3—Case 3. The code is similar to that in Fig. 1. rCBF 

while the headache was mild (upper figure) and severe (lower 
figure). There is no significant difference between the mean 
or the regional CBF. 
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large areas of the posterior half of 
the right hemisphere. 

This case demonstrates an ex­
tremely low cerebral blood flow dur­
ing a combined headache and aura 
(obtundation) phase of an attack of 
classic migraine. 

Case 2 
This 26-year-old male had no fam­

ily history of migraine and, except 
for an episode of concussion 8 years 
before admission, his previous 
health had been good. He was admit­
ted following two attacks of blurring 
of the right visual field followed by 
parasthesia in the tongue and the 
hand accompanied by aphasia. 
About one hour later, bilateral 
throbbing headache developed, 
more severe on the right side. 
Neurological examination was nor­
mal, and the EEG showed some 
bitemporal 4-7 Hz activity with 
sharp-waves. 

Regional cerebral blood flow was 
measured in the resting state, and 
following the injection of somatosta­
tin (37.5 micrograms) (growth hor­
mone release inhibiting hormone) 
into the carotid artery. A third CBF 
study was performed in the resting 
state and finally, shortly after an 
injection of 200 micrograms of 
somatostatin into the carotid artery. 
The purpose of somatostatin injec­
tion was to study its effects on cere­
bral blood flow in general as part of a 
larger series, and not to study its 
effects on migraine. Immediately be­
fore the last measurement, the pa­
tient developed one of his usual clas­
sic migraine attacks. At the end of 
the study he had a right homonym­
ous hemianopia, with a marked re­
ceptive and expressive aphasia and 
later developed a throbbing, bilateral 
headache with nausea. Carotid an­
giogram performed during the aura 
phase of the migraine attack showed 
prolonged transit time and pro­
nounced filling of the basilar artery. 

This case demonstrates marked 
CBF reduction during the aura of 
classical migraine with values ap­
proaching the level critical for 
metabolism (Table 1). Somatostatin 
may have triggered this migraine at­
tack or the occurrence of the head­
ache may have been purely coinci­

dental, but probably the latter, since 
injection of somatostatin intraven­
ously has not caused migraine in a 
series of patients (Hansen and 
Lundbaek, 1977). 

Case 3 
A 31-year-old female, with no fam­

ily history of migraine, was well up 
to 2V2 years prior to admission. She 
then developed recurrent episodes 
of left-sided throbbing hemicrania, 
with nausea, vomiting, photophobia 
and phonophobia. There were no 
prodromonal symptoms. Neurologi­
cal examination revealed no abnor­
malities. Because of the strict unilat-
erality of symptoms, an asymmetry 
on the EEG on the left side and the 
disabling symptoms, a carotid an­
giogram was performed in conjunc­
tion with which rCBF was meas­
ured. Both the angiogram and a 
computerized tomogram of the brain 
were normal. 

The patient had been headache 
free until the time of the CBF meas­
urement. After placement of the 
carotid catheter she developed a 
mild left-sided headache. After the 
first CBF measurement the 
headache rapidly grew worse, and 
during the second CBF measure­
ment the headache became severe. 
There was, however, no significant 
change in the mean CBF value or the 
regional distribution of the cerebral 
blood flow (Table 1 and Fig. 3). 

This case of common migraine 
demonstrates almost no change in 
CBF during the development of an 
attack of headache. 

DISCUSSION 
The data presented here corre­

spond with previous clinical, angio­
graphic and cerebral blood flow evi­
dence of a decreased cerebral blood 
flow in the aura phase of classical 
migraine (Skinh^j and Paulson, 
1969; O'Brien, 1971; Skinhflj, 1973; 
Norris et al., 1975; Mathew et al., 
1976). The decrease may be severe 
and sometimes reach values low 
enough to be critical for brain tissue 
oxygenation (Trojaborg and Boysen, 
1973; Sharbrough et al., 1973; Brans-
ton et al., 1975; Heiss et al., 1975). 
Lactacidosis noted in the CSF dur­

ing attacks of classic migraine give 
further support to this idea (Skinh#, 
1973). 

One may only speculate as to the 
cause of this ischemia. Is it vaso­
spasm caused by circulating vasoac­
tive substances or does it represent 
the effect of products liberated from 
brain tissue? The angiographic evi­
dence is scarce, but the few publica­
tions describing angiographic ap­
pearances during migraine attacks, 
with the exception of Dukes and 
Veith (1964), demonstrate a normal 
caliber of larger cerebral arteries. 
This suggests increased cerebrovas­
cular resistance at the arteriolar 
level. Cerebral blood flow regulation 
in this phase may be abnormal. 
Simard and Paulson (1973) found 
that the normal increase in CBF oc­
curring during inhalation of CO2 was 
completely abolished, and similar 
though less striking findings were 
noted by Hachinski et al. (1977). 
Cerebral blood flow at different 
blood pressure levels has not been 
studied during a migraine aura. It is 
therefore, not known whether the 
regulation of cerebrovascular resis­
tance (autoregulation) is impaired in 
this situation. 

In some cases the decrease in 
cerebral blood flow noted during the 
migraine aura may continue into the 
headache phase (Skinhtfj, 1973). We 
present in this communication a case 
with no definite aura, but where the 
associated symptoms (mainly a de­
pressed level of consciousness oc­
curring simultaneously with the 
headache) were associated with a 
distinctly decreased brain perfusion. 

During the headache phase of 
classic migraine normal or increased 
cerebral blood flow has been re­
ported (Skinh0j and Paulson, 1969; 
O'Brien, 1971; Skinh0j, 1973; Norris 
et al., 1975; Mathew et al., 1976). 
Where marked cerebral ischemia 
occurs during the prodromal phase, 
the flow increase is most likely due 
to reactive hyperemia. On the other 
hand, pain of any sort is known to 
activate brain function and increase 
cerebral blood flow (Ingvar et al., 
1975). The observed hyperemia 
could be simply secondary to pain. 
This mechanism was suggested to 
explain the^increased CBF noted in a 
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case of cluster headache (Norris et 
al., 1976). 

Common migraine occurs much1 

more frequently than classical mi­
graine. In this disorder prodromal 
symptoms are lacking, and during 
the attack no symptoms indicate 
cerebral dysfunction. Several CBF 
studies have demonstrated normal 
or moderately increased values dur­
ing an attack of common migraine 
(Skinh0j, 1973; Mathew et al., 1976). 
We present here another case where 
no change in CBF occurred before 
or during a spontaneous attack of 
headache. 

Skinh0j (1973) found CSF lac-
tacidosis during migraine attacks in 
classic and common migraine. The 
increased CSF levels of lactic acid in 
the patients with common migraine 
alone was not statistically signifi­
cant. Even if it is substantiated in a 
larger series that lactacidosis occurs 
in common migraine, it may be sec­
ondary to hyperventilation and re­
spiratory alkalosis, which may ac­
company attacks of common mi­
graine. 

Case 3 of this series was studied at 
the moment a slight headache ap­
peared and a normal CBF was 
found. During the next CBF evalua­
tion the headache was severe and 
the CBF did not change signifi­
cantly. This case therefore does not 
confirm the hypothesis that common 
migraine is caused by an asymp­
tomatic CBF reduction. The CBF 
increases that can occur during 
common migraine are probably sec­
ondary to pain arousal. 

Dr. Hachinski is a Senior Research Fellow 
of the Ontario Heart Foundation. 
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