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OETL'RMiNATION OF I.OC/.L DKAIH FUMCTIO!!

David E. Kulil, M.'J., Abass Alc-vi, M.O., Martin i'.civich, M.D.,

Roy Q. HOwartls, Crcig A. Kenton, M.P., and P.obort A. Zimmerman, M.D.

The subject of th i s paper, emission computerized-tomography (CT) (1 -3) ,

is c lose ly re la ted ar> a study method to trsnsraission CT (4 -6 ) . Both use

computer reconst ruct ion of scan data to produce t r an sve r se sect ion pictures of *

the b ra in . The transmission CT scanner ' uses a scanning x- ray beam to produce

a c ross - sec t ion p i c tu r e of photon absorption d i f fe rences in the b r a i n . The

emission. CT scanner2 de tec t s gamma rays emitted from r ad ioac t i ve Pharmaceuticals

which have been administered to the p a t i e n t for the purpose of bra in s tudy. A
• zj

cross-section picture of brain radioactivity results. The two classes of instrument i

have many features in common but have tha potential of producing-complimentary |

1
information of quite different significance. The role of the transmission CT scanner!?

now seems assured in the diagnosis and management of patients with a wide variety of %

I
brain disease. At the same time, the new potential for emission CT scanning is just J

unfolding and remains to be clarified. We suggest here that the most important "

contributions of transmission CT scanning are likely to be preeminent in portrcyal

of local brain structure while emission CT scanning seems best adapted to portrayal

of local brain function.

1. For example, the EMI. Scanner.

2. For example, ths HARK til Scanner described in reference 7-



I'rK .• ?

In dolcyocl brain scan?, the d i Fforoi'it u; 1 brain concentration of radio active

pcrLochnelntc usually reflects the integrity of tho blood br;>i:i barrier for tiiis

substance. In our earlier studios (3), v?ra on;;iloyed the eiiiKf. ion CT scin to coirplorr.-nt

tfie. b^sic four-view rectilinear study in selected patients in ordar to clarify the

ci i atjiios i 3. W« concluded t!ieL the double efivantotjs of if.Ki;;̂  r<o(>circit ion un«l yrcaior

sensitivity of the section method improved detection of tumors, especially those

located in ths basal regions oF the brain, while the cross-section fon.iat gave

superior dsscription of lesion tomography such os location,, boundaries, multiplicity,

and shape.

While an extensive comparison of transmission CT scanniuj and conventional

nucliclo imaging is underway now in many laboratories, a caroful compjirison of tiie

transmission and emission forms of CT scanning remains tQ.be accomplished. We hnva

only just acquired^ transmission CT scanner and have done very few comparison

studies with our MARK Ml emission CT scanner (.7). The corresponding complementary

character of findings in these early studies are illustrated by the following cases.

The scans shown in Figures 1 and 2 are of a patient (R.M.) with lung carcinoma

metastatic to the brain. The diagnosis is apparent in the conventional images RI.IO

with a scintillation camera after injection of Tc pertcchnetate (Figure 'P. The

initial transmission CT scan (Figure 2a) is abnormal, but the. lesions are-mort:

dramatically enhanced after intravenous injection of contrast media (Figure 2b).

Note the close correspondence of the emission CT scan (Figure 2c) with tho trans-

mission scan. Mote the c ear separation of individual lesions in both section scant,

and their superiority to the vertex camera image in Figure 1.

1. EMI Scanner with 160 x 160 pe! matrix.
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The s e c o n d p e l i o n I" ( E . D . ) hns nu i n t r ^ c o p . - ' b r i : \ hcjiii'-itomti i n v o l v i n g the ; i : ; r ; i o a

c>" rJ.v. i l i t e r r ; i l l c a p s u l e , pu:.i:.r l o r 1 i r=i->, anrf l i i - . ; r e g i o n o f l i i a p o s t e r i o r n r i r t c-T

t h e putt i i i^ i in ( F i g j i ' t - 3 ) . The c o n v e n t i o n a l n u c l i d e i ir iujCi' i shcv.'C'd d i f f u s e : i r i c r o <.:••:.• i n

•.!.•'.-.:!.3 i n t'h.': \~'i \- >:; I'.'.'-rior '.;••:•,:•.*;: .T! r i - ^ ' i o i i . T'v.1 t r--..-j •; . - I : $<-, \o:\ CT !•-... n c ' rv i - . j . . j c.-il ' y

c ' j v i n o s t h e den^a c c n l r i > l h::i~t-i-c:;ii-t v . h i ! : ; t ! r : corr'.;5L.un-.! i n g e m i s s i o n CT s c a n

Ci. ' .~orst r a t e s o ' ' t i o n u t " s i g n , p r f i u i ' K i l j l y r o p r e s e n t i n g inc. r u o s e i ] up t - ' i k s i n t i ;c; i n f . i r e

t w a i n i m m e d i a t e l y p d j n c t v i t t o t h e liCTn.'itoatn.

The next p a t i t n t (G.H.) has i n fa rc t i on in the d i s t r i b u t i o n of ths r i g h t

i i i dd lc cerebral cirtery (Figure '->,5). The; i n i t i a l portochnetote f low sequence is

st r i l - . ing ly abnormal, cloii'ons t rat ing o prolonged t r o n s i l t ims through the r i gh r

heraisphsro (Figure ' • ) . Tha subsequent deliiyed images w i th tha s c i n t i l l a t i o n cemera

oppsoi'ed completely normal (Figure k). Both CT scans v.-orc* ebnorma' . The t ranun ios ie

CT s.cau (Figure 5) demonstrates foca! reduct ion in a t tenuat ion in the rsgion of tho

r i g h t in terna l capsulo w l th extension in to the f ron ta l lobe. The emission CT scon

c!si.ionstrates minimal, but d e f i n i t e , increased uptake of psrtechnetote in a

corresponding region. This c?se i l l u s t r a t e s re inforcerwnt of diagnosis by cor.espon

pificos o f data. The in i t ia l psrtechnetate flov/ study we. the most d i i inat i c a l l y afeor

f i n d i n g . This case also i l l u s t r a t e s that j u i t «s the trsos.nission CT scan is able

to d i s t i ngu i sh .a t tcntuat ion d i f ferences thr.t cannot ba seen in conventional i v l i o -

grapliy, so also the emission CT seen con d i s t i ngu ish d i f ferences in rad ionucl ida

concerntrat'iun thot cannot be seen in conventional nuc: ide imaging.



The r.vthod r o q u i i e s tin i n j e c t ion oT IO'K. ' I I vd (•'-'" j v ) ' 'c- ' c u l l s i n ! " P |>ai"i;-!v.-r.il

v o i n f o l l o w e d by em iss ion C"i ( t ransve rse : M r c t i u n ) s <.;•:.; 11 ny *•' K\\o. l i r j f n . fH i r i ru ;

t h e scon , a b lood s t r i p l e is taken ctici the ; : c i i v i t y in v.-A c e l l - j £.;u' in p l u - . n i

(!c: lci ' i . i ihi :d. Coun t ing doLa f ru;n br.:,ni] iny ?.i\:- i\'Con".trLk-.i;y.! ;. r i ci t o r r c t i :•.' t o rei>'"o:.r.::il

po in t - to - [ . - c i i nL c o n c a n t r o t ion o f r.'.J i oac t i v i t y in ;i r ror.:;--:-••'•-.'. '<'.-n oT i:h'; !> i " i i n . Th:j

incooured concent r o t ion o f L»lo;;c' r::cl ioac.t i v i ty i s usoiJ to cou' . '^r t t h : i>r i i in a c t i v i t y

t o tCL.V cx j i resscd in 1.1! b l ood /100 cj o f br.- i in t i s s u e . The; r^-sul i if. n tv.'o-diciens i ona l

map of LCf?V which reproysrits a croas-soct ion of the brain ;it a ktiov.n lov^-1.

In o series of four baboons, v;e found good iigro^i t-nh between tha section .••':on

rusults and tin.; results from in v i t r o counting of brnin r>nr.:plc<i; tha confr icicnt of

var iat ion of the dnta V.'EIS 6.7/. for brain ac t iv i ty concentration o;id 8.1/ , for I.CiiV.

The reproc'ueibiIity of the scan mothod was cstimntqd over a time poriod of several

ho'.tr:. in on animal maintained in a steady state. The trwau of tiia scnn-i'ctennincd

LCoV values for a two cm square in the cc-nter of the brain was 3.22 r>il blood/100 g

with a coeff icient variat ion of 6.5%. In a series of f ivo baboons, the following

equation was obtained for tha regression pienc which relates LCBV in the centtsr of

the brain to PaC02 and macin ar ter ia l blood pressure (MAC?).

LCBV = 2.S8 4 0.0i(9 PaCO2 - 0.013 MA5P

These data agree wall v/ith the few sinii lnr results known from the l i terature
!

(Table I ) . • • '

Figure 7 shows the normalized regression plane A for sco;;-dotcrniinod LCBV and

the corresponding piano B for external counting data vhich wore obtained without



IV-.SLfi ! - Comparison of this ;.:ici piiM i -.i-.-cl v.ort; for ol i.crnt ion of

LCBV in rt-.S[-on-.a to oltorotion of P CO,, end MAPB.
0 /-

Smith et al,1371 (15

Phelp-3 et r.1,1973 ( l

Grubb et a ) , 1973 (



benefit of section reconstruct i ui. I'ote th;: disparity in slojii-... K>'.l-.Mr:>.i!

counting without section rccon-ii m e t ion ir. en insensitive inclicslor of CUV,

as would bo expected, since ihore is no c'iscririinnt ion i'cj.iinst t!.>": ofi'tct on

t!ic doto of cxtraccre.'jral ci rculit io;;.

In patiwits, LC3V Vfiluj;; reno-.- fru.'i ?-•':• r::!/!CO t; depend».-13 o;i !o ;"...:•.i.o,

with higher valu&s correspondin<] to regions of cara'>ra! coric.x. An exa^plu of

an'LCBV scan i5 shown in Figure 8.

MARK IV Scanner

Until now, the extension of etiission CT scanning in this laboratory has

bsen limited by sensitivity of our /'.ARK II! Sccrsnar (7). This- instru;.!»nt ha*

four scintillation detectors, each with a crystal that is 2" in dierstar. We ha

novi substantially completed and are testing ihe KAHK IV crensvarsc--- section inisging

system v-jhich we designed to ba ct least ten tinrss r.K>re sensitive V.han our existing

MARK 111 instrument. This sensitivity improvement is crucial for proper extolsior:

of this study method. The device (Figure 9) includes a continuously rotating quad-

octal array of 32 col 1imated Na! (Tl) crystal (3"-high,1"-wide,1"-thick), arranged

eight on a side as a box about tha head. As the detector square rotates, data are

collected continuously, processed in tho pulse height cnalyzcrs, and extracted fresn

the rotating unit. At the saise time, image reconstruction to transverse section

format is accomplished with a virtual real-ttr.'.s processing display system. The

instrument will operate initially for detection of l*»0 Lev gor.vna reys ( 'Tc), but

later an accommodation will be mada for alternative use in coincidence countinq cf

annihilation radiation from positron emitters. V.'htn applied to our scudies of local

brain function, this instrument should provide fester, rtorc complete, «id nora

accurate survey of the brain.
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I'riro'-s.jls^iit th«! !,•;•:; i r . T h i s k in . ! of I n f o r r "iC ion luis n o t buCn oVai I . ib! <J . lnsLfc-ici,

Fu.ici ic". oT bot : / i> : .cts i-j ur.t i- . i i l / t-xiim.i-j I o n l y h i t h e oryj-n ;>j a i.-Jsoi-t ur.d ro ;i |i
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! .if-M-!v?tioi: i s u - . u a i l y r e s t r i c t e d l o i!»rp. 'io!oyy a s da ty f t r i n^U by ratfiotj*"<«phic o r

rc ' t c in i ' - : I i d s in.^i i;>fj s t u d i e s . Tiro c o r e of p a t i f t t " . wou!c! he: unhancec! i f t)i-;rtt •.-.-.•re

aval\u'i\ct non- i i r / i -b i v j & I n d i e s s .nich v.cuK! p r o v i d e i n f o m a t i d n o f body f u n c t i o n

l o c c i i i e c ! j j r u c i ' i s ' . y v j i t h i n r o l o v d r i t bex'y region.1 . .

Coi.ipl i n i en i a ry d a t a front different ic taging i;»>c' r-J i t i c s v / i ) l a l w a y s ba rcqt i i IT.;!

f o r Eoc^ tu i l e £>s'jasf.r.i-:mt o f p a t i c n l v . Hut f c r osi.essi;;-;'nt o f rc; : ion«il r i ; n c t i o n , r s d i o -

nucli(!c iifncjinrj is this n;osl prtvr'sing of inching htoclot i t i e s . This is because of the.

potf tni ic l here for l a b e l l i n g of en cnoi"irous nunibor end v&ric-ty of na tu ra l and u r l i T i r

cOiT.pocnds, chosen for a s p e c i f i c purpose end capable of boin:, ir.c.Tsured from o u t r i d e

the body a f t e r in jec t ion of an cxtrcmaly sf:.-s!l oi;,c>unt into t'v?. p a t i e n t . Emission

imes'ng potenLial ly permits cjn^nti t a t i v e e s t ima tes of t ims-co'.rse of l abe l l ed

cor.\po\tnd'j through r'.rucfcui'e.s rieip wi th in the hody. This p o t e n t i a l has or.ly been
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i'vtuiriiiic-.'i • . j i lh i t i funct i t . i t i ! ;• 11 U O U K V I u n l u of tlv« tn*». !•; in !.• ~.n \•*:ictt lu.S r MC

L.;on pysftMilc up t:;i!:ii ticr.i. The «.iii:.v s t i i j y j>r .':»•• >pl« > ui<j!it- !>:•. «:;U»IJetl to oJ'.-rr

l r ?co r i cfiaMii.- j rv;n5ur.:wuC.- of local c^rolM'a! blood f l o . ; o;itJ I0..1I i..u(..>>?ic

rn'.'.r. ic-.r v'ii ' iou> r3li:bt«l 5 C !?.• v. i f ! t !n th.t !>r-::;:: in hum. J'.s-.isu:*!.'!^ tha^ j !:in'.':. c f
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advance ever trie prasfcii i ly fj*'oi le.b!o mst'iod.i.
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F u t u r e 1 P a t i e n t (R-i'i.)- B r a i n iiiat. t:.-. t c!--.;s. Co:;'/cnt io.Kil fir.-'iyc..;

IIKHU: wi H I a s c i n t i l l a t i o n c-.;n:c-rn iif'.or inj'..c!.ion ui >

9?!->Tc ;-,-rt.;:c;-iv.-t:oi;f: •.:hourly d.•.:<.<,•:, tiMl:-:: r.i,!: i ,»:•.•

si'liericil rov|ion--. o f incruised u p t a k e .

Figure 2 Patient: (11.M.) with br;iin r.ratiist-.isc-js shown in Figure 1.

The initiol XrniTf".ii»i_B_2jon CT senn (A) is abnormal, but

the lesioir; are delineated beLttw aftor idtravanoui

injection of contrast mod in (B). Tha î liifJJ'.n CT icon

(C) corresponds closely to tran';wi ss ion scan B. Koto thy

clear separation of individual lesions in both section

scans and their superior i I'y'ovor the vertex cam-:-.ra ir.u-cje

in Figure 1.

Figure 3 Patient (E.D)'. Intracorebral hemntoma. The convention?!

99/nXc pertcchnetate images made with scintillation ccwara

(A,B) show diffuse increased uptake in the left posterior

temporal region. The transr.'ipsioii CT scan (C) defines the

dense central hemntoma while the corresponding ein i s r. i on CT

scan (D) demon st rat c.5 a "donut" sign, presumably represent ing

increased uptake of radioactivity in tha infarcted brain

immediately adjacent io the homator-a.
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IV iMciH ( ( I . H . ) . I n f ori'.t ion in d i s t r i b u t i o n o f r i r ; ! i t rnid'.Uo.

c o r i ; b r ; i ! o r u u y . The i n i t i a l - ;>MI c; p;.-ri.:'.i'.i!i!.:-.t:uU' f l o w scv.i.riico.

is st.r i l ; i r i f | ly .v!inorm;il ; t he re i :> ;! piT' lntr .- 'H 1 r r : ^ i t 1: "{.•••. tli.'O1.;-;;!:

I'm r i i ] h t lv:mi i.pli.M"e ( t o p ) . The r>ub'.>.?.i.:i(,-n'c •.! ? I nystl ir.Hi-j •.•;'• v.'it !'i

..i;)le :>.i •/

Figure Lj Patient' (G.H.). Inf . i rc t ion in d i r . t r ibu l ion of r i ( |h t middle

c.f-robra' a r tn ry . Tlie iJ"£7:"lilLr'-''iiil ^ s c« ! ! 1 (^) tlcinon stiMtos focal

reu'ui".(iJ nLConujL ion in I'M:; r«.cjion of the r i Q !-»L in tcrnn l copr.tilu

v/ith extension in'-o the f ronta l !ol)s. The correspond iiig y u ^ io;i

CT scan (li,C) shov.'s iricropspJ uptake of fEi.iionct i v i ty in In.?-

ScJi:i: rc.tjion, even though the. conventional nucl ide scans ware normal

Fin1-1 '*° ^ Accuracy of pred ic t ing re la t i ve concentration by tancient:

correct ion reconstruct Ton of emission CT scan data. (CATC procor.u,

reference 9)

(A) Bot t le Phantom. Eecli bc>t L1 e men surer, 3 c:ii x 3 cm in sect ion plans.

Pv«lai.ive concoiitr.Tt ions of °9mTc art', mnrke.d on b o t t l e tO[>r..

(H) Processed scari n f to r SjJpl icot ion of attcruscit ion cor rec t ion r.:cisk.

Total 1.5 m i l l i o n counts.

(C) Relat ive concentrations f ron scin dato agree wi th real values w?th

coe f f i c ien t of Vt i r int ion of 5-6'/'.
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d of CBV to P. CO, and itASP. Tfu; okipe:; arc. d i f fe rent ' :

f o r the two no ma 1 i zed I'^gre.'-f. ion plor:'-"-. (plan.? A-exter i :~ l

coun t ing d.-fta w i th s e c t i o n recotis Lruct f a i end pl./ne 'C'-.-.A .o rno l

c o u n t i n y c'-iritii '.-.': c i ' iuut i - v j c - i ' j n r^C!.>ns t ^ u c ' ; i o ' i ) . '\VA )\-.f? b ! o c ;

of plane B is opposite in sign to what ivoultl ba expact^o with

autoreyuintion. External counting without section reconstruction

is an insensitive indicator of CBV. .

(G.O) Section &Cctns of a malignant glioina which is surrounded

by edema. AT the tope of the f igure, secMo.i scans of 9Sm-pc

partechnatt'ito show the al terat ion of blood brain harr ier . At

the bottom , section scans of 99:nrc red col ls show local cerebral

blood volume. I n i t i a l studies are to the l o f t in the f igure and

studies made two rconths later , after steroid therapy, arc. to the

r igh t . The section scons of 99niTc red cel ls show a larga region

of reduced LCEV due to compression of local • rnlcrocirculation by

edema. After steroid -therapy, peri tumor cciama decreases and pari1-

tumor L.CBV returns toward normal.



F i g u r e 9 Thi= ILV'.lv i !.f fcr..rir.vorsn r. :'.._•. ion ii,1091113 syr, ; ; . . i i-.;:-: i n r i , i ; i

s t f j y^s of cu;.\vLcuct ir>M. i"o" i i i nh s«;i^ i c i v i ':y. t h s i n? 1 i"i.. .'ii t

l i f i ' , ; ' i • v . i J ' 1 i . " . : ' . . ! J C.:l.:;~. :r_u~ • - . ' ! " • " • : > i c ; . - n J • : • ! _ _ ' ? • ; « . ' . i . : . . ; : : - C : - J • ; • . ' • < .

«il>oiit tha hc.cij. Th--i d' iUictor Ei.t1.3re rotatt'.s cont inuously. At

tt ie ;.wM:ie. tiiv:-., data £U"o le'.cons •. ructcici to sect ion fonnat w i t h a

v i r t u a l ranl-tti-':s procos^ing d isp lay -.ystom.
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