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A Tomographic Study of Cerebral Blood Flow
and Oxygen Extraction Fraction with the
Oxygen-15 Inhalation Technique

M. G. Bousser, M.D,, J. C. BArRoN, M.D., M. T. IBa-Zizen, M.D,,
D. Comar, M.D., E. Cabanis, M.D., AND P. CASTAIGNE, M.D.

SUMMARY A patient with migraine who had a permanent visual field defect was studied by angiography
and CT scan. He also had a tomographic study of cerebral blood flow (CBF) and oxygen extraction fraction
(EO,) using the non-invasive continuous oxygen-15 (**O) inhalation technique. Angiography was normal. CT
scan revealed an area of decreased density with contrast enhancement suggestive of a recent infarct in the left
occipital lobe. The “O {nhalation technique showed a decrease in CBF and EQ,, typical of recent infarcts, in
the corresponding ares, an increase in CBF with normal EO, in the left temporal lobe, and a decrease in CBF
with increased EO, in the right occipital cortex. These findings illustrate the unusual nature and extent of the
ischemic process underlying migrainous cerebral infarction.

LASTING NEUROLOGICAL DEFICITS, though
infrequent, occur in migrainous subjects and are well
documented by clinical,"" * pathological,’ and, more
recently, by computed cranial tomographic (CT)
studies.*® We recently had the opportunity to study
cerebral blood flow (CBF) and oxygen extraction frac-
tion (EO;) with the *O inhalation technique coupled
with positron emission tomography in a migrainous
patient with a permanent visual field defect.

History
Clinical Summary

The patient is a 45-year-old right-handed man with
a 25-year history of classical migraine. His attacks in-
variably began with blurring of vision, first intermit-
tent for 2 or 3 min then stable for 10~15 min, followed
by a left-sided or bi-temporal throbbing headache.
The headache usually resolved in a few hours and was,
on occasion, associated with photophobia and nausea.
His attacks were infrequent (1 or 2 per year), generally
mild, and no specific treatment was given.

One morning, without warning, he awoke with a
complete loss of vision in the right visual field and a
moderate left-sided headache. He had no dysphasia,
paresthesia or weakness. The headache gradually
worsened becoming generalized and excruciatingly
painful and was accompanied by vomiting. His
headache resolved over the succeeding 4 days, after
which visual loss decreased.

Examination of his visual fields by confrontation 12

From the Clinique des Maladies du Systéme Nerveux. Hépital de
la Salpttritre, Paris (Drs. Bousser, Baron and Castaigne). The
Commissariat & I'Energic Atomique, Département de biologie, Ser-
vice Hospitalier Frédéric Joliot, Orsay (Drs. Baron and Comar).
Service de Radiologie, Centre National d’Ophtalmologie des
Quinze-vingts, Paris (Drs. Iba-Zizen and Cabanis).

Reprints: Dr. Bousser, Clinique des Maladies du Syst¢me
Nerveux, Hopital de la Salpétritre, 47, Blvd. de I'Hépital, 75013-
Paris, France.

Stroke, Vol 11, No 2, 1980

days later, revealed a right homonymous hemianopsia
to finger movement, more dense in the upper
quadrant. The left visual field was entirely normal.
Blood pressure was 130/80 mm Hg. There was neither
cervical nor cranial bruit.

When visual fields were studied with Amsler chart
and Goldman perimetry, 20 days after the onset of
symptoms, the patient had considerably improved, but
there was still a right upper congruous homonymous
quadranopsic scotoma extending to 15° and without
central sparing (fig. 1). When the patient was seen
again, 6 weeks later, the visual field defect persisted
unchanged.

Investigations

Normal laboratory studies included complete blood
count, platelet count, serum electrolytes, sedimenta-
tion rate, blood urea nitrogen, glucose, creatinine,
total protein, albumin, serum cholesterol, and
triglycerides, serum glutamic oxaloacetic trans-
aminases, alkaline phosphatases, urinalysis, and
serologic tests for syphilis. His electrocardiogram,
echocardiogram, chest and skull roentgenograms were
also normal. His electroencephalogram showed ab-
normally slow activity over the posterior region of the
left hemisphere.

CT scan, performed 18 days after onset, showed in
the left occipital region an area of decreased density
— approximately 30 mm X 60 mm in size — (fig. 2A)
which markedly enhanced following the infusion of
contrast material (fig. 2B). In the left temporal region,
there was a large, ill-defined but definite area of
decreased density (fig. 2C) with neither contrast
enhancement nor mass effect.

Four vessel-angiography, 21 days after onset, was
normal.

CBF and EOQO, (EO, is the oxygen arterio-venous
difference divided by the arterial oxygen content) were
measured 14 days after the onset of symptoms, with
180, and C**O, continuous inhalation associated with
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positron emission tomography, using the model
proposed by Jones’ and the technique described by
Baron.® This method, already applied to normals® and
to patients with ischemic brain disorders®® will
therefore not be described in detail here. For each
transaxial brain level (studied at an angle of + 5°
from the orbito-meatal (OM) line), a set of 3 different
images is obtained: 1) a C**Q, image which represents
CBF, 2) a *0, image which represents both oxygen
metabolism and CBF, 3) a C®Q,/*Q, ratio image
which is linearly proportional to EQ,. In the C**O, and

)
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FIGURE 1. Goldman perimetry (20 days after
onset): right upper homonymous quadranopic
scotoma.

150, images obtained in this patient, count rates per
unit volume were calculated for various identical
regions of interest. Each value was compared either to
that of the homologous contralateral area or to that of
the ipsilateral hemisphere and was considered abnor-
mal if the difference was outside the confidence limits
defined by 6 normal patients.'’ The same procedure
was applied to the value obtained by dividing the **O,
count rate by the C'*Q, count rate, i.e. a value linearly
proportional to EO,.

On slices obtained 5.5 cm above the OM plane,

FIGURE 2. CT scan (18 days after onset). A
— Focal hypodensity in the left occipital lobe.
B — Contrast enhancement of the lesion. C —
Hypodensity in the temporal lobe.
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striking abnormalities were observed (fig. 3):

1) an increase in activity of similar magnitude
(p <0.01) on both the C*0, (+ 15.5%) and “Q,
images (17.2%) without significant change in the
150,/C*0, ratio value in the left temporo-Sylvian
area.

2) a decrease in C'*Q, activity of similar magnitude
(p < 0.01) in the left (—15.3%) and right (—14.6%) oc-
cipital regions associated with a) on the left side, a
significant (p < 0.01) decrease in '*O, activity
(—33.5%) and in *0O,/C"Q, ratio value (—17.5%); b)
on the right side, an unchanged *O, activity (+3.4%,
p > 0.05) but an increased *0,/C**O, ratio value (+
11.2% p < 0.01). On the slice OM + 7.5 cm, all im-
ages were normal. (fig. 3)

Discussion

This patient had typical migraine with a long past
history, an acute onset of a neurological deficit during
a severe attack of migraine, and the partial resolution
of symptoms leaving a permanent neurological deficit.
The visual field defect in our patient is similar to that
reported by Mallory and shown by Polyak?® to be due
to a small infarct in the lower margin of the calcarine
fissure.

Angiography performed 21 days after the onset of
symptoms was normal, as is often the case in
migraine, '* although in rare instances occlusion of
the posterior cerebral artery or its branches has been
observed.* 12

The diagnosis of cerebral infarction in our patient
was made on the basis of the CT scan. Performed 18
days after the onset of symptoms, it showed an area of

FIGURE 3. Tomographic study of CBF and EO, with the
50 inhalation technique (14 days after onset). OM + 5.5
cm: Decrease in CBF (—) and EQ, (-) in the left occipital
cortex. Increase in CBF (=) with normal EO, (D) in the left
temporal lobe. Increased EO, () with decreased CBF ( o )
in the right occipital cortex. OM + 7.5 cm: all images are
normal.

decreased density with contrast enhancement in the
left occipital lobe (fig. 2 A-B). This pattern of
anomaly, without mass effect, is typical of recent in-
farcts and has already been described in complicated
migraine.'? A more common finding in this condition
is, however, a region of low density without contrast
enhancement, even observed occasionally in patients
studied less than 10 days after onset.* ®

The other interesting finding on the CT scan was a
definite decrease in density without contrast enhance-
ment in the temporal lobe (fig. 2C) suggesting a distur-
bance in the territory of the middle cerebral artery
with no clinical counterpart.

The main findings of interest are the tomographic
studies of CBF and EO, with the *O, continuous
inhalation. Although indisputable experimental
verification of the validity of the CBF and EO,
measurements obtained with this technique has not yet
been reported, there is, however, ample indirect
evidence in humans that the tracer distribution in the
C¥®Q, image is a reflection of CBF and that the
15Q,/C"0, ratio image is a representation of the
EQ,.% 1013, 14

Results obtained from normal subjects and in
patients with different pathological conditions suggest
that the EO,, which is normally uniformly dis-
tributed,® could be an important pathophysiologic
parameter and even have a prognostic significance
when studied concomitantly with CBF. 10 14-18

The *O inhalation study performed 14 days after
the onset of symptoms, showed 3 disturbance patterns:

1) EO, was decreased in the left occipital cortex
strongly suggesting a focally decreased oxygen
arteriovenous difference: this situation has been called
“luxury perfusion’” by Lassen.'* CBF, though
decreased, was still over-abundant compared to the
local metabolic demand since EQ, was decreased, thus
indicating a relative luxury perfusion.!® * 2° Such a
focally decreased EO, has been observed in 82% of re-
cent (less than 31 days) infarcts.!® This possible un-
coupling of CBF and metabolism has never been
reported in complicated migraine. It differs strikingly
from the areas of reduced CBF usually observed dur-
ing the prodromal phase of classical attacks.?-* It
may, however, be related to the focal areas of high
flow described by Marshall* in cases of migraine
without headache but none of his patients had their
cerebral metabolism studied. It is possible that patient
2 reported by Dorfman'? also had a luxury perfusion
since angiography showed arterio-venous shunting 4
days after the attack. Such an alteration was not seen
in our patient, possibly because angiography was per-
formed too late (3 weeks after the attack and a week
after the CBF study). It should be noted that the
decrease in CBF observed here was associated with
CT contrast enhancement, thus illustrating that con-
trast enhancement does not necessarily imply in-
creased perfusion. Other mechanisms must be in-
volved, among them the breakdown of blood-brain
barrier.?

2) CBF was increased in the left temporal lobe con-
trasting with a normal EO,. This increase in CBF
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reflects an actual change of higher magnitude because
of the underestimation of high values due to the non-
linear relationship which exists between the count rate
and CBF.” However, such a focal hyperemia has been
detected in a number of clinical situations by this
technique.' It probably corresponds to the situation
described experimentally as “‘reactive hyperemia™ or
“supernormal blood flow,” which is observed after
acute ischemia when flow is restored.?® Thus, there
may have been in our patient a transient ischemia in
the left middle cerebral artery territory. It is interest-
ing to note that this hyperemic region appears
hypodense on CT scan, but appears without contrast
enhancement.

3) CBF was decreased but EQ, increased in the
posterior part of the right occipital cortex, indicating a
situation of “supernormal oxygen extraction” for
which we presently have no satisfactory explanation.
Although all his previous attacks were characterized
by blurring of vision in both visual fields, the patient
denied any disturbance in the left visual field during
the present attack of complicated migraine.

These observations show that the cerebral lesion
responsible for the permanent visual loss has not only
the same CT scan characteristics as an infarct, but
also the same pattern of hemodynamic and metabolic
disturbances, i.e. a luxury perfusion. They also show
an increase in CBF and an increase in EQ, respectively
in the left temporal lobe and in the right occipital cor-
tex suggesting an involvement, latent clinically, of the
corresponding arterial territories and thus stressing
the unusual nature and extent of the underlying
process.
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