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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 (18FDG) and 13N-ammonia (, 3NH3) were used as indicators of
abnormalities in local cerebral glucose utilization (LCMRgk.) 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 18FDG and 13NH3 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 I8FDG scan in deep structures and broad zones of cerebral cortex
which appeared normal on X-ray CT (XCT) and 99Tcm-pertechnetate scans. In patients with
partial epilepsy, who had unilateral or focal electrical abnormalities, interictal 18FDG scan
patterns clearly showed localized regions of decreased (20-50%) LCMRg|c, 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 days. In five
of six patients who underwent anterior temporal lobectomy, the interictal 18FDG 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 1SFDG scan patterns
clearly showed foci of increased (82—130%) LCMRg)c 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 i n vi vo - ^FDG- met hod (1-6) for det er mi nat i on of t he
l ocal cerebral met abol i c rat e for gl ucose ( LCMRgi c) i n i ndi vi dual
brai n st ruct ures i s der i ved from t he l ^C- DG aut or adi ogr aphi c
met hod of Sokol off et al . ( 7) . I Sj dq ent ers t he br ai n rapi dl y, i s
phosphoryl at ed by brai n hexoki nase, and t he met abol i c product ,
l ^FDG- 6-P04, remai ns fi xed wi t h l i t t l e furt her met abol i sm. Cal cu-
l at i ons are based on a model of t he bi ochemi cal behavi or of deoxy-
gl ucose and gl ucose i n t he br ai n (2, 4, 5, 7). The t i me course of
speci fi c act i vi t y i n cer ebral capi l l ary bl ood i s est i mat ed by
measuri ng art eri al i zed venous bl ood sampl es obt ai ned whi l e t he bl ood
i s cl eari ng t racer, at t i mes gr eat er t han 40 mi nut es t here i s
measur ement of l ocal cerebral concent rat i ons by ECT scan, and
wi t h knowl edge of predet er mi ned rat e const ant s and l umped const ant
(LC) t he operat i onal equat i on al l ows cal cul at i on of LCMRg] ^c cor-
respondi ng to each zone of t he t omogr aphi c i mage. The met hod
measures exogenous gl ucose ut i l i zat i on, i . e. t he gl ycol yt i c rat e
under t he assumpt i on t here i s no net gl ycogen accumul at i on or
gl ycogenol ysi s. The met hod does not di st i ngui sh aerobi c from
anaerobi a gl ycol ysi s. I n t he wor k report ed here, scans wer e
performed wi t h t he ECAT Posi t ron Tomogr aph (8) (Ort ec, I nc. , Oak
Ri dge, TN) operat ed so t hat t he spat i al resol ut i on was 1. 7 cm
wi t hi n t he i mage pl ane. For cal cul at i on of LCMRgl c , we used t he
operat i onal equat i on devel oped by Huang et al . ( 4) . and val i dat ed
by Phel ps et al . (5).

We chose (9) as an i ndi cat or of rel at i ve cerebral
perfusi on because ammoni a has a cerebral upt ake t hat vari es wi t h
capi l l ary perfusi on, a st at i c cerebral di st ri but i on whi ch i s de-
si rabl e for ECT scanni ng, a short physi cal hal f- l i fe (10 mi nut es)
whi ch permi t s use pri or to an I SfDG scan wi t hout resi dual i nt er-
ference, and si mpl e chemi cal preparat i on. We made no at t empt to
quant i fy 1;% di st r i but i ons i n absol ut e uni t s of cerebral bl ood
fl ow. 13NH3 was gi ven by t he i nt ravenous rout e and ECAT (14) scans
wer e begun several mi nut es aft er i nj ect i on. The scan pr e-
ceded t he l ^FDG scan by at l east one hour, suffi ci ent t i me to
al l ow radi oact i ve decay of 1 3N and avoi d i nt erference.

EFFECTS OF STROKE ON CEREBRAL METABOLI SM AND PERFUSI ON.

We performed ECT scans of ^-®FDG and i n normal cont rol
subj ect s and st roke pat i ent s at vari ous t i mes duri ng recovery
(3, 10). I n normal subj ect s, mean CMRg^c was 5. 28 + 0. 76mg/1 00g/
mi n. I n pat i ent s wi t h st roke, mean CMRgi c i n t he cont ral at eral
hemi spher e was moderat el y depressed duri ng t he fi rst week, pro-
foundl y depr essed i n i rr ever si bl e coma, and normal aft er cl i ni cal
recovery. Quanti fi cati on was rest ri ct ed by i ncompl et e under -
st andi ng of t racer behavi or i n di seased brai n, but rel at i ve l ocal
di st r i but i ons of l ^FDG and 1 3NHß t rappi ng refl ect ed qual i t at i vel y
t he i ncreases and decreases, as wel l as coupl i ng and uncoupl i ng,
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in abnormal brain zones o f stroke patients [ 1 0 ].

expect ed i n st r oke for l ocal al t er at i ons i n gl ucose ut i l i zat i on
and per f usi on. . Ear l y af t er cer ebr al vascul ar occl usi on, t her e was
a gr eat er decr ease i n l ocal t r appi ng t han i n - ^FDG t r appi ng
wi t hi n t he i nf ar ct , pr obabl y because of i ncr eased anaer obi c gl yco-
l osi s. Ot her wi se, l ^FDG was a mor e sensi t i ve i ndi cat or of cer ebr al
dysf unct i on t han was 1% ' . Hypomet abol i sm, due t o deact i vat i on
or mi ni mal damage, was demonst r at ed wi t h t he scan i n deep
st r uct ur es and br oad zones of cer ebr al cor t ex whi ch appear ed nor -
mal on x- r ay CT and per t echnet at e scans.

The r el at i onshi p of l ocal al t er at i ons i n met abol i sm ( Dp- i s)
and per f usi on i n abnor mal br ai n zones of t hese st r oke
pat i ent s ar e shown i n Fi g. 1. Dat a poi nt s f al l i ng on t he dot t ed
l i ne r epr esent met abol i sm = per f usi on def i ci t s, assumi ng t he r e-
l at i onshi p of r el at i ve concent r at i on t o r el at i ve bl ood f l ow
was t he same as we f ound i n compr essed dog br ai n. (A) I n t he
f i r st t wo days af t er st r oke, per f usi on i s decr eased mor e t han
gl ucose ut i l i zat i on wi t hi n t he i nfar ct . (B) I n t he fi r st t wo
weeks, l uxur y per f usi on appear s at t he i nfar ct mar gi ns; l ocal
per f usi on i s i ncr eased but gl ucose ut i l i zat i on i s not . (C) I n
ol d per manent i nf ar ct s t hat ar e obvi ous on x- r ay CT scans, bot h
gl ucose ut i l i zat i on and per f usi on ar e mar kedl y r educed. (D) I n
some i psi l at er al t i ssues, t her e i s l ess mar ked r educt i on i n gl u-
cose ut i l i zat i on and per f usi on, but no x- r ay CT évi dence of
st r uct ur al damage.
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FIG.2. Scans made two months after sudden transaction o f the le ft internal carotid artery by

a kn ife wound. A lthough both the 1SFDG and x-ray CT scans show the foca l infarct in the le ft

fron ta l lobe, on ly the 1SFDG scan shows the diffuse hypometabolism throughout the entire

le ft hemisphere, a permanent result o f the le ft hemispheric ischemia [ 1 0 ].

The ECT scans consi st ent l y det ect ed hypofunct i on i n br oad
zones of r emot e cer ebr al cort ex, st r i at um, and t hal amus whi ch
appear ed st r uct ur al l y i nt act on x- r ay CT and nor mal on 99mrj,c
per t echnet at e scans. was a mor e sensi t i ve i ndi cat or of
t hi s dysfunct i on t han as expect ed fr om t he non- l i near
r esponse of t r appi ng t o changes i n bl ood fl ow. The ECT
st udy showed t hat mor e br ai n had been affect ed by st r oke t han
was suggest ed by t he ot her r adi ol ogi cal st udi es ( Fi g. 2).

EFFECTS OF EPI LEPSY ON CEREBRAL METABOLI SM AND PERFUSI ON

I n epi l epsy, al t er ed cer ebr al funct i on i s sel doml y accom-
pani ed by changes i n st r uct ur e t hat are det ect abl e by r adi ogr a-
phi c pr ocedur es. Di agnosi s and cl assi fi cat i on of t hi s al t er ed
funct i on depends heavi l y on t he use of el ect r oencephal ogr aphy
( EEG) whi ch r ecor ds el ect r i cal act i vi t y associ at ed wi t h neur o-
nal act i vi t y. EEG i s ext r emel y useful , but has l i mi t at i ons.
I t i s oft en di ffi cul t t o l at er al i ze or t o l ocal i ze a sei zure
or i gi n and t o assess t he sever i t y and ext ent of under l yi ng
cer ebr al i nvol vement . We r eport her e t he fi rst measur ement s
of cer ebr al met abol i sm and ci r cul at i on by ECT r esol ved i n
t hr ee di mensi ons and per for med concur r ent l y wi t h EEG r ecor di ng
of epi l ept i c pat i ent s who wer e i n t he unper t ur bed i nt er i ct al
or spont aneous i ct al st at e (11, 12 ).

I n 12 of 15 pat i ent s who had uni l at er al or focal el ect r i cal
abnor mal i t i es, i nt er i ct al scan pat t er ns cl earl y showed
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FIG .3. Relationship o f altered relative perfusion and metabolism (DMR) in abnormal

brain zones during intericta l and icta l states. The dotted curve is the predicted locus o f tissue

data where change in LCBF and LCMRg\c would be matched [12].

l ocal i zed r egi ons of decr eased ( 20%- 40%) LCMR , , whi ch cor r e-
l at ed anat omi cal l y wi t h t he event ual EEG l ocal i zat i on. These
hypomet abol i c zones appear ed nor mal on x- r ay CT i n al l but
t hr ee pat i ent s and wer e unchanged on scans r epeat ed on di ff e-
rent days. I n 5 of 6 pat i ent s who under went ant er i or t empor al
l obect omy, t he i nt er i ct al l ^FDG scan cor r ect l y det ect ed t he
pat hol ogi cal l y conf i r med l esi on as a hypomet abol i c zone, and
r emoval of t he l esi on si t e r esul t ed i n mar ked cl i ni cal i mpr ove-
ment . I n cont rast , t he i ct al I SpDG scan pat t er ns cl ear l y showed
foci of i ncr eased ( 82%- 1 30%) LCMRg^c whi ch cor r el at ed t empor al l y
and anat omi cal l y wi t h i ct al EEG spi ke foci and wer e wi t hi n t he
zones of i nt er i ct al hypomet abol i sm (3 st udi es i n 2 pat i ent s) .
1 3nh^ di st r i but i ons p ara lle led i ncr eases and decr eases i n
abnor mal zones, but 1 3nH3 di ffer ences wer e of l esser magni t ude.
When t he r el at i onshi p of 1 3 upt ake t o l ocal bl ood fl ow found
i n dog br ai n was appl i ed as a cor r ect i on t o pat i ent s' 1 3 scan
dat a, l ocal al t er at i ons i n per f usi on and gl ucose ut i l i zat i on wer e
usual l y mat ched bot h i n i nt er i ct al and i ct al st at es ( Fi g. 3).

I nt er i ct al scan fi ndi ngs ar e i l l ust r at ed i n Fi g. 4. Thi s 4-
year - ol d gi r l has per si st ent r i ght - si ded t oni c cl oni c sei zur es
and r i ght heml par esi s of t hr ee years' dur at i on. The - ^FDG scans
showed a mar ked r educt i on i n cor t i cal gl ucose ut i l i zat i on ( -40%)
over br oad zones of t he l eft cer ebr al hemi spher e ( ar r ow) ; t here
wer e cor r espondi ng, but l esser decr eases i n 1 3n H3 concent r at i on
( not shown) . Di f fuse or mul t i f ocal EEG abnor mal i t i es wer e r e-
cor ded i n t he l eft hemi spher e, but t he x- r ay CT, cer ebr al ar t er i o-
gram, and pneumoencephal ogr am wer e normal .
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F IG .4. In tericta l l iFDG scan demonstrates marked reduction in cortica l glucose utiliza tion over

broad zones o f the le ft cerebral hemisphere (arrow j. D iffuse or mu ltifoca l EEG abnormalities

were recorded in the le ft hemisphere, but the x-ray CT, cerebral anteriogram, and

pneumoencephalogram were normal [ 1 2 ].

Si x pat i ent s had ant eri or t emporal l obect omi es for i nt ract abl e
part i al compl ex epi l epsy; al l showed pat hol ogi cal l esi ons i n
t he resect ed t emporal l obe speci men, and al l had marked cl i ni cal
i mprovement aft er surgery. Al t hough preoper at i ve x- ray CT showed
none of t hese l esi ons, pr eoperat i ve 1° FDG scans wer e abnormal i n
5 of t hese pat i ent s; decr eased LCMRgi c coi nci ded wi t h t he resec-
t i on si t e and t he ext ent of t hi s met abol i c defi ci t was l arger t han
t he ext ent of st ruct ural damage found at pat hol ogi cal eval uat i on.

We concl ude t hat i n t he pr esent st at e of devel opment , t hi s
ECT met hod shoul d ai d i n defi ni ng t he l ocat i on and ext ent of al -
t ered brai n i n t he st udy of di sorder ed funct i on aft er st roke, for
mappi ng response to t herapeut i c i nvent i on, and i ncreasi ng under -
st andi ng of how t he human br ai n responds to st roke. I n pat i ent s
wi t h part i al epi l epsy, t he i nt eri ct al l ^FDG scan i s useful now i n
ai di ng l ocal i zat i on of t he dysfunct i onal cer ebral zone most l i kel y
to be responsi bl e for sei zures i n pat i ent s consi dered for t emporal
l obect omy. Wi t h furt her devel opment , ECT may hel p i n cat egor i zi ng
bet t er t he vari ous forms of t he di sorder and i n el uci dat i ng t he
basi c mechani sm of epi l epsy i n man.
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