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Abstract

EMISSION-COMPUTED TOMOGRAPHY OF FLUORINE-18-FLUORODEOXYGLUCOSE
AND NITROGEN-13-AMMONIA IN STROKE AND EPILEPSY.

The ECAT Positron Tomograph was used to scan normal control subjects, stroke patients
at various times during recovery and patients with partial epilepsy during EEG monitoring.
Fluorine-18-fluorodeoxyglucose (:*FDG) and '*N-ammonia ('3NH3) were used as indicators of
abnormalities in local cerebral glucose utilization (LCMRglc) and relative perfusion respectively.
In patients with stroke, mean LCMRglc in the contralateral hemisphere was moderately depressed
during the first week, profoundly depressed in irreversible coma, and normal after clinical
recovery. Local distributions of ®FDG and '>NH; trapping reflected qualitatively the increases
and decreases, as well as coupling and uncoupling, expected in stroke for local alterations in
glucose utilization and perfusion. Hypometabolism, due to deactivation or minimal damage,
was demonstrated with thé *FDG scan in deep structures and broad zones of cerebral cortex
which appeared normal on X-tay CT (XCT) and **Tc™-pertechnetate scans. In patients with
partial epilepsy, who had unilateral or focal ¢lectrical abnormalities, interictal 1BEDG scan
patterns clearly showed localized regions of decreased (20—50%) LCMRglc, which correlated
anatomically with the eventual EEG localization. In most instances, these hypometabolic zones
appeared normal on XCT and were unchanged on scans repeated on different d‘ays. In five
of six patients who underwent anterior temporal lobectomy, the interictal IS_FDG scan correctly
detected the pathologically confirmed lesion as a hypometabolic zone, and removal of the
lesion site resulted in marked clinical improvement. In contrast, the ictal '‘*FDG scan patterns
clearly showed foci of increased (§2--130%) LCMRglC which correlated temporally and
anatomically with ictal EEG spike foci, and were within the zones of interictal hypometabolism.

* This work was supported in part by DOE Contract DE-AM03-76-SF00012 and
USPHS Research Grants GM-24839, NS-15654 and NS-02808.
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The in vivo 18FDG-ECT method (1-6) for determination of the
local cerebral metabolic rate for glucose (LCMRglc) in individual
brain structures is derived from the 1l4C-DG autoradiographic
method of Sokoloff et al.(7). 18FDG enters the brain rapidly, is
Ehosphorylated by brain hexokinase, and the metabolic product,

8FDG—6-PO4, remains fixed with little further metabolism. Calcu-
lations are based on a model of the biochemical behavior of deoxy-
glucose and glucose in the brain (2, 4, 5, 7)., The time course of
specific activity in cerebral capillary blood is estimated by
measuring arterialized venous blood samplesobtained while the blood
is clearing tracer, at times greater than 40 minutes there is
measurement of local cerebral 18F concentrations by ECT scan, and
with knowledge of predetermined rate constants and lumped constant
(LC) the operational equation allows calculation of LCMRg). cor-
responding to each zone of the tomographic image. The method
measures exogenous glucose utilization, i.e. the glycolytic rate
under the assumption there is no net glycogen accumulation or
glycogenolysis. The method does not distinguish aerobic from
anaerobid¢ glycolysis. In the work reported here, 18FDG scans were
performed with the ECAT Positron Tomograph (8) (Ortec, Inc., Oak
Ridge, TN) operated so that the spatial resolution was 1.7 cm
within the image plane. For calculation of LCMRglc, we used the
operational equation developed by Huang et al. (4) and validated
by Phelps et al, (5).

We chose 13NH3 (9) as an indicator of relative cerebral
perfusion because ammonia has a cerebral uptake that varies with
capillary perfusion, a static cerebral distribution which is de-
sirable for ECT scanning, a short physical half-life (10 minutes)
which permits use prior to an 18FDG scan without residual inter-
ference, and simple chemical preparation. We made no attempt to
quantify 1_3NH3 distributions in absolute units of cerebral blood
flow. 13NH3 was given by the intravenous route and ECAT (14) scans
were begun several minutes after injection. The 13NH3 scan pre-
ceded the 18FDG scan by at least one hour, sufficient time to
allow radioactive decay of 13N and avoid interference.

EFFECTS OF STROKE ON CEREBRAL METABOLISM AND PERFUSION.

We performed ECT scans of 18FDG and 13NH3 in normal control
subjects and stroke patients at various times during recovery
(3, 10). In normal subjects, mean CMRg1. was 5.28 + 0.76mg/100g/
min. In patients with stroke, mean CMRglc in the contralateral
hemisphere was moderately depressed during the first week, pro-
foundly depressed in irreversible coma, and normal after clinical
recovery. Quantification was restricted by incomplete under-
standing of tracer behavior in diseased brain, but relative local
distributions of 18¥DG and 13NHj3 trapping reflected qualitatively
the increases and decreases, as well as coupling and uncoupling,
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FIG.1. Relationships of alterations in local metabolism (Dg. g/ and relative perfusion (Dy_3)
in abnormal brain zones of stroke patients [10].

expected in stroke for local alterations in glucose utilization
and perfusion. Early after cerebral vascular occlusion, there was
a greater decrease in local l3NH3 trapping than in 18ppg trapping
within the infarct, probably because of increased anaerobic glyco-
losis. Otherwise, 18PDG was a more sensitive indicator of cerebral
dysfunction than was 13NH3. Hypometabolism, due to deactivation

or minimal damage, was demonstrated with the 18FpG scan in deep
structures and broad zones of cerebral cortex which appeared nor-
mal on x-ray CT and 99mTc pertechnetate scans.

The relationship of local dlterations -in metabolism (Dr-18)
and perfusion (Dy-13) in abnormal brain zones of these stroke
patients are shown in Fig. 1. Data points falling on the dotted
line represent metabolism = perfusion deficits, assuming the re-
lationship of ‘relative 13N concentration to relative blood flow -
was the same as we found in compressed dog brain. (A) In the
first two days after stroke, perfusion is decreased more than
glucose utilization within the infarct. (B) In the first two
weeks, luxury perfusion appears at the infarct margins; local
perfusion is increased but glucose utilization is not. (C) In
0ld permanent infarcts that are obvious on x-ray CT scans, both
glucose utilization and perfusion are markedly reduced;, (D) In
some ipsilateral tissues, there is less marked reduction in glu-
cose utilization and perfusion, but.no x-ray CT évidence of
structural damage.
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FIG.2. Scans made two months after sudden transaction of the left internal carotid artery by
a knife wound. Although both the BEDG and x-ray CT scans show the focal infarct in the left
frontal lobe, only the *8FDG scan shows the diffuse hypometabolism throughout the entire
left hemisphere, a permanent result of the left hemispheric ischemia [10].

The ECT scans consistently detected hypofunction in broad
zones of remote cerebral cortex, striatum, and thalamus which
appeared structurally intact on x-ray CT and normal on 99mTc
pertechnetate scans. 18FDG was a more sensitive indicator of
this dysfunction than l3NH3, as expected from the non-linear
response of 13NH3 trapping to changes in blood flow. The ECT
study showed that more brain had been affected by stroke than
was suggested by the other radiological studies (Fig. 2).

EFFECTS OF EPILEPSY ON CEREBRAL METABOLISM AND PERFUSION

In epilepsy, altered cerebral function is seldomly accom-
panied by changes in structure that are detectable by radiogra-
phic procedures. Diagnosis and classification of this altered
function depends heavily on the use of electroencephalography
(EEG) which records electrical activity associated with neuro-
nal activity. EEG is extremely useful, but has limitations.
It is often difficult to lateralize or to localize a seizure
origin and to assess the severity and extent of underlying
cerebral involvement. We report here the first measurements
of cerebral metabolism and circulation by ECT resolved in
three dimensions and performed concurrently with EEG recording
of epileptic patients who were in the unperturbed interictal
or spontaneous ictal state (11, 12).

In 12 of 15 patients who had unilateral or focal electrical
abnormalities, interictal 18FDG scan patterns clearly showed
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FIG.3. Relationship of altered relative perfusion {Dy.y3/ and metabolism (Dy,p ) in abnormal
brain zones during interictal and ictal states. The dotted curve is the predicted locus of tissue
data where change in LCBF and LCMR ;. would be matched [12]

localized regions of decreased: (20%-40%) LCMR l¢e’ which corre-
lated anatomically with the eventual EEG loca%lzation. These
hypometabolic zones appeared normal on x-ray CT in all but

three patients and were unchanged on scans repeated on diffe-
rent days. In 5 of 6 patients who underwent anterior temporal
lobectomy, the interictal 18ppG scan correctly detected the
pathologically confirmed lesion as a hypometabolic zone, and
removal of the lesion site resulted in marked clinical improve-
ment. In contrast, the ictal 18FDG scan patterns clearly showed
foci of increased (82%-130%) LCMRy7 . which correlated temporally
and anatomically with ictal EEG spike foci and were within the
zones of interictal hypometabolism (3 studies in 2 patients).
13NH3 distributions paralleled 18FDG increases and decreases in
abnormal zones, but 13NH3 differences were of lesser magnitude.
When the relationship of 13NH3 uptake to local blood flow found
in dog brain was applied as a correction to patients'’ 13NH3 scan
data, local alterations in perfusion and glucose utilization were
usually matched both in interictal and ictal states (Fig. 3).

Interictal scan findings are illustrated in Fig. 4. This 4-
year-old girl has persistent right-sided tonic clonic seizures
and right hemiparesis of three years' duration. The 18pDG scans
showed a marked reduction in cortical glucose utilization (-40%)
over broad zones of the left cerebral hemisphere (arrow); there
were corresponding, but lesser decreases in 13NH3 concentration
(not shown). Diffuse or multifocal EEG abnormalities were re- -
corded in the left hemisphere, but the x-ray CT, cerebral arterio-
gram, and pneumoencephalogram were normal. ‘
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FIG.4. Interictal "*FDG scan demonstrates marked reduction in cortical glucose utilization over
broad zones of the left cerebral hemisphere (arrow). Diffuse or multifocal EEG abnormalities
were recorded in the left hemisphere, but the x-ray CT, cerebral anteriogram, and
pneumoencephalogram were normal [12].

Six patients had anterior temporal lobectomies for intractable
partial complex epilepsy; all showed pathological lesions in
the resected temporal lobe specimen, and all had marked clinical
improvement after surgery. Although greoperative x-ray CT showed
none of these lesions, preoperative 18FDG scans were abnormal in
5 of these patients; decreased LCMRg]. coincided with the resec-
tion site and the extent of this metabolic deficit was larger than
the extent of structural damage found at pathological evaluation.

We conclude that in the present state of development, this
ECT method should aid in defining the location and extent of al-
tered brain in the study of disordered function after stroke, for
mapping response to therapeutic invention, and increasing under-
standing of how the human brain responds to stroke. In patients
with partial epilepsy, the interictal 18FDG scan is useful now in
aiding localization of the dysfunctional cerebral zone most likely
to be responsible for seizures in patients considered for temporal
lobectomy. With further development, ECT may help in categorizing
better the various forms of the disorder and in elucidating the
basic mechanism of epilepsy in man.
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