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ENISSION COMPUTVERIZEC-TOANGRADIY AND

.

DETERHiNATION CF 1.OC/L BRALH FUNCTION
bavid E. Ruhl, N.D,, Abass Alevi, IL.D., Martin deivich, M.D.,

Roy Q. Eduards, Craig A, Fenton, H.P., and Robart A. Zimmerman, M.D,

The subject of this paper, emission computerized-tomography (CT) (1-3),
is closely related as a study method to trsasmission CT  (4-6). Both use
computer reconstruction of scan data to produce transverse section pictures of
the brain. The transmission CT scanner! uses a scanning x-ray beam to produce ' 2
a cross-=section picture of photon absorption differences in the brain. The
emission CT scannar? datects gamma rays emitted from radioactive pharmaceuticals
which have been admini;tered to the patient for the purpose of brain study. A
. cross—section picture of brain radioactivity results. The two classes of instrument
have many feztures in common but have‘tha potential of producing-cﬁmplimentary

informaticn of quite different significance. The role of the transmission CT scanne

now seems assured in the diagnosis and management of patients with a wide variety of &
brain discase. At the same time, the new potential for emission CT scanﬁing is just
unfolding and remains to be clarified. Ve suggest here that'the most importent
contributions of transmission CT scanning arc 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 ENM!. Scanner.

2. For cxample, the MARK t1l Scanner describad in reference 7.
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Poriechnetate limiging

In deloyed brain scans, the differcaticl brain concentration of radicective :
perlechnetate usually reflocts the integrity of the bleod broin barpier for this
substance. In our earlier studics (3), ve employed the emission C7 scon Lo corplem:nt
tha basic Tfour-view roctilinear study i selected patients in ordar to clarify the
dicgnosis,.  We cuncluded thet the double adventags of imege separacion und gireater
sensitivity of the section method inproved detection of tuwors, cspecielly those
located in the basal regions of the braiﬂ, vhile the cross=section format gave
superior dascription of lesion tomography such as locatjon, boundarics, multiplicity,
and shape.

While an cxXtensive comparison of Lrangmossvon CT scanning and conventicnal
nuclide imaging is underway now in many laboratories, a careful comparison of the
transmission and cmission forms of CT scanniﬁg remains ta be gcccmpliéhed. Ve hava
only just acquircd a transmission CT scanner1 and have done very fow comparison
studies with our MARK 11l emission CT scanner (7). The corresponding complemsntary
character of findings in these early studies are illus*rated 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 mals 1

¢ 99m

with a scintillation camera after injection o Tc pertechnetate (Figure 1V, The

Alesrawera s torn

initial transmission CT scen (Figure 2a) is abnormal, but the lesions ara -more
dramatically enhanced after intravenous injection of contrast media (Figuie 2b).
Note the close correspondence of the emission cT scan (Figure 2¢) with the transe
mission scan. Hote the ¢ ear separation of individual lesions in both section scans

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

1. EMY Scanner with 160 x 169 pzl matrix.




The seceond petient (E.0,) has an inlrocerohred hamatoma involving the 1ogion

ol the internal capsule, postarior Fimd, ond Lhe veaion of the pasterior part

the putacen {Figure 3). The convontional nuclide inages shoes

e ToTU ponterior Lensoral region,

n

2 the corresponding emission CV scai

i

duripes the densz contral humal
cesopstrates @ “donut! sign, presunanly repiresenting fucrvosed tpiaze in the infare
brain immadiotely adiacent to the homatona,

The next patient {G.H.) has infarcfion it the distribution of th2 right

is

o

piddle cerebral artery (Figure 4,5). The initial pertechnetate flow sequence
strikingly abnormal, deronstrating a prolonyad transit tima through the right

hemisphere (Figure #). The subsequent delayed images with the scintillation canera

opaored completely normal (Figure &). Bath (T scans were abnormal. The transnissic
CT scan (Figure 5) demonstrates focal reduction 'in altenuation in the ragion of the
right internal capsule with extension into the frontal lobe. The emission CT scon
caronstrates minimal, but dafinite, increased uptoke of pertechnetate in a
corresponding ragion. This case illustrates reinforcemant of diegnosis by corvespon
pieces of datat The intial pzrtechnetate Tlow study we. the most drematically abnor
finding. This case also illustretes that just as the transmission CT scan is able
to distinguish attentuation differences thet connot be sten in conventionatl rolio-

graphy, so also the emission €T scin cun distinguish differences in radionuc!ide

concentration that cannot be seen in conventional nuc:ide imaging.
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Yod (7)) ved colls into @ perichoral

Tha method requites on injection of labe

rein Tollowad by emisacion €T (transverss section) scinning 7 the brain. During

he scan, a blood seaple is taken ond the aciivity Tiv red cells and fn plasi

doternined. Counting dala frum scnnning are reconstrusted ond correctsd to repronunt
: s

paint-to=point concantration of rodicactivily in o crons-somlicon ol ke broin, The

measured concentration of bLlosd radioactivity is used to canvart the ;ruin activity
tu LCLY expressed in il blood/100 g of brain Lissue. The rosult is a two-dinensionsld
map of LCRY which represznts a cross=section of the brain at a known lovel,

In a series of four babacns, we Touad gund agreor =nt betuesn the scction s-on
rasults and the results from in vitro counting of brain samples; tha coallficicat of
variation of the data was 6.7/ {or brain activity concentration and 8.1/ for 1L.CBY.
The reproducibility of the scan mcthod was estimated over a time period of several
heurs in an animal maintainad in a steady stete. The aean of the scan-datermined
LCSY values for & two cm square in the conter of thé b}ain was 3.22 m) blood/100 ¢ .
with a coefficient variation of 6.5%. In a series of five baboons; the following

equation was obtained for tha regression plenc vhich relates LCBY in the center of

the brain to P_C0; and maon arterial blood pressure (Haoe),
LCBY = 2.88 + 0.0%¢9 PaC0; ~ 0,013 HABP

These data agrec well with the few similar results known from the literature
(Table 1).
Figurc 7 shows the normalized regression plane A for scan-determinad LCBY and

the corresponding plane B for external counting deta vhiich ware obtained vithout
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Smith et al, 1971 (15
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0.043

Phalps et al,1973 (i

Bhasus Moniesy 0.049
Rhesus Monkay ~0,015 Grubb et al, 1973 (i
B:%oon 0.04g ~0,013 This worl ~



benelit of saction reconstructicn. lete thr dispurity in siopen. External
counting without scection reconsiruction is aa insensitive indicstor of CLY,

as would be expected, since thare is no discrimination egainst ti: eiizct on

tire data of cxtracerehral circulation.

In paticats, LC3Y values reans from 2-0 oi/100 ¢ dependiag oa locating,

with higher valuss corresponding to regions of cerabral cortex. An exaople of

an LCBY scan is shown in Figure 8,

MARK 1V Scamner
Until now, the extension of emission CT scanning in this laboratory has

o .

bzen limited by sensitivity of our NARK 111 Scamnar (7). This instruuent has

four scintillation detectors, each with a ciystal that is 2" in diasater. We have
now substantially completed and are testing the MARK IV transverse section insging
system vhich we designed to ba at least ten times more sensitive then our existing
MARK 111 instrument. This sensitivity improvement is crucial for proper exteasion

. of this study method., The device {Figure ¢) includes a contirivously rotating quad-
octal array of 32 collimated Nal (TI) crystal (3'~high,1'"~wide,1"-thick), arranged
eight on a side as a box ebout ths head. As the detectov square rotates, data are
éollected continuously, processed in the pulse heigit analyzers, and extrocted from
the rotating unit. At tho same tims, image reconstruction to transvarse section
format.is accomplished with a virtual real-timz processing display system. The
instrunznt will operate initially for dctuction of 140 kev gomma rays (sngc), but
later an accommodation will be mada for altemtive use in coincidence counting of
annihilation radiation from positron cmitters. When applfcd to our studies of local
brain Function, this instrument should proQide faster, more coanlete, end more

accurate survey of the brain,



Lirey.cle:

Loclear Fncodadgr of roendoast Tuast Ten v d be ol grent vedoe o ths

« . . r v o M . s e 1 . br - EERT RS
Voners et L Yoo abizati g ol cowide voriety o giaee 23 fva bn W de e eyt

S Tent fiavad unday reede at,
Pt Ui tecaticens OF O hrain Lernr pro et g adeaen T pb 0 e e T e el g
B fuior is proseont and, Pt is nocestory (o kot oy vreciscly as pos,ibl -
Vot G e L oit. S1d, 00w shagin ottt OF s g dhont venld Lanadi

fron @ day-to-day koewledes of the status o

he blood Flow, naioholisn, percee
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fuaction of body puris s usuaily exemiast Gily i the orgon 05 a vhinle and regirasl
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aroation is uv.ually restricted Lo worghoioyy &s deturmined by rad

iogeranhic or

radionustide insging studies.  The care of patients would be enhanced il there wore
availeble non-invesive studies wihich would provide information of body funciion
tocelized precissly within relevant body regions,

Lomplinentary data from different inmaging sodaiities will always be requived

for edcguate sssassasat of patient. But for assessment of rexional Tunction, radiv-
nuclide imaging is the most proasing of imaginghnmdalities. This is becouse of the
rotenticl here for leballing of on enorvous nuster ond vericty of natural end artiflic
compounds, chosen for a spocific purpose ond capable of being imeasured from outside
the Sody efter injuction of an extremaly sms!l onount into ths patiea Emissn&ﬂ

ime3ing poteniially permits quantitative estimates of time~cotrse of laballed

compounds through iructurcs dexp within the hody. This potential! has only been
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Figure 3

SLEELE

Patieont (R.H). Brain metastases, Cunventional fmngos

madae with a scintidlalion ¢

a aiter injection i

Date porrsohnetate clowly deaonntrare rnd cipie

spharical regions of increasaed uptake,

Patient (R.H.) with broin metastasas shown in Figure 1,
The initial troasmission CT scan (A} is abnormazl, but
the lesions are delipneated belter alter intravenous
injection of contrast madia (B). The cmicsirn €T scan
(¢) corvesponds clesaly to tranjwission scon B. Nota the
clear scparation of individual lesions in both section

scans end their superiority’ovér the vertee camzra insge

in Figure 1.

Patient (E.D). Intraccrebral hematoma. The conventioaal

temporal region. The transwission CT scan (C) defines the

dense central hematoma while the corresponding emission CT

. Ve

scan (D) domonstratas a “donut' sign, presunably ropresent

increased uptake of radioactivity in the infarcted brain

imnadiately adjacent to the hematora,
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Pooure A Patient (6.8,). Infarction in distribution of right middic

carchral ortary, The

is strikingly chnormal; there is & profonged teansit tTiee @hcounh

. the right boaisphaie {fon), The subsaguent
tha selnnitlosion « P chapliaaiy neraal {Lavoent,
Figure b Paticat (G.H.). Infurction in distribulion of right middle

mission CT scan (A) domonstraces fonal

cercbral artery, The tren

reduced alienuation in tha region of the richl internal copsule

with extension into the frontal lobe, The corresponding wiiasion

CT scon (B,C) shows increased uptake of radioactivity in tha

sarm region, cven though the conventional auclide scans wars normei

Figure 6 Accuracy of predfcting relative concontration by tangent
coirrection reconstruciion of cmission €T scan data. (CATC pivcess,

reference 9)
(n) Bottle Phanton. Each bolile measures 3 ca » 3 cm in seck

Relative concentrations of 99WTc are marked on bottle tops.

n) Piocessed scan after gpplication of attenuvation correction mask.
Total 1.5 pillion counts. . .
(€) Relative concentratiors from scen data agrea with real values with 2

coefficicnt of variation of 5.6%.



Figure 7

LEGEIHDS

Response of CEV to PO, snd BASE, Tha slopes are difforent
< - »
for the tvwo rorsalized vagression plenes (nlane A=axteras]

counting data with section reconsiruction end plogs Drecoirnal

ceunting Cebta withowl seciion raconsteuction). The lvwe slope
of planz B Is opposite in sign to what would be expezctad with
autoregulaticn., External counting without sectian reconstruction

is an insensitive indicotor of CBY, |

(G.D) Section scans of a malignant glicm$ which is surroundad

by edema. AT the tops of the figure, sectioca scans of 99M¢
pertechnatate show the alteration of biocod brain barivier. At

the bottom , scction scans of 99Wre red cells show local cerebral
blood volume, Initial studies are to the left in the Tigure and
studies made two'ﬁﬁnths later, after steroid tharapy, arce to the
right. The section scans of 999Tc red cells show a largz region
of reduced LCEY due to compression of local »microcirculation by

edema., After steroid tharapy, peritumor cdema decreases and pari-

tumor LCBV returns toward noirmal.,
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cction, For high sensivivizy, the inscrn. oot

hes, 57 o
about tha heod, The detoctor square rotstes continucusiy. AL

data are reconsiructad to section format with a

the some th

virtual rcal-t processing display
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