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Mapping the Dynamics of Oxidative Metabolism by Functional MRI
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INTRODUCTION

Nuuronal aclivily causes inGreases in ragional cerabral bloud How

(£2131) vul ol pruportion Lo increases 1n Carebral malabolic rate (ov axy-
gen (UME ) and glucoss (UMK ). as measurad by '] (1] I'hy Cur-
rgnt inlerpretalion ol bluod oxygen dependant (3Q10)) MR signal
changas relies un the assumplion thal this uncoupling occurs umilormly,
and thal thara s little sllacl ol oxidative matabolism on the B3O sig-
nal. Jhix assumplion remains largely unlesled, and may he incorrecl.

Wea provide evidence [or 1301.1) modulation hy CMR();, by cali-
hrating 13011 against Cl3) muasured by How-xanxilive allermating
invarsiun vacavary (JAIR) (2, 3] Calibralion is accomplished through a
yuantilative model linking BOLIY, FAIR, and CMK (3. and hy an exper-
imanial stap ulilizing (07 breathing an a slandard periurhation

Wa alko desinibe 8 new pulss seyuence which measurex FAIR and
13011 simullaneously, avoiding the necessily ul a repealable expern-
munial paradigm or physmiologival siability

I'he combination of mathematical model, physiwlogical calibration,
and pulse xequance design provida the necessary lools [ur noninvasive
dynamic mapping ol uxidative melaholiwm, assaniial o Lthe application
ul IMRI] brain mapping lechniyues (0 diseaxed liksuas
THEORY

Ick s squalion dascribes consgrvalion ol oxygen delivery and oxy-
gon uplske in the siaady xate: CHO X ([0,] ~[0,]) = (MK,
I'his Can ha reslated Lo velale deuxyhemoyglubin production proporion-
ally o mulabolic uplake and blood Now: diib e CM R, ICHL

Alenuation due o tha 1301.1) sllecl ix well described lor a given
range of achu Lmexs an AR: ve f'(Ax)B [4]. The suscaptibility diffec-
enus effecl AY. which ix proporional o dffb, i wupralinear
(1< B <2 ) whervas tha bluud volume siTecl f, is linwar. The skubslilu-
tiwn ol hemodynamic paramaetars [rom the modiliad l'ick squalion givas

c'MRmu))D - (u)rCMRm(U))“
Clit (i) M L cn(n)
YWa deline Ny and N, ax the BOLI)-waighled and FAIR sublvaclion

MRI signals nurmalized by ralio W a baseling periad in the expevimantal
paradigm. Ny ix dalined as proporional lo venuus CI3Y changes, and

AK; = f,w[ W

Seumn,, pmpurhu_nll L malsholic rala changex. lor wmall changae in
relaxivily [I'I'ARx « 1) the 3OLI) signal is Yy 1- I'I:ARI Subnlilul-
ing tha ahuve normalizad vaviables into lig (1) and aatracting the baxe-

ling valuex at ¢ = U [rom hoth levmx, we have
) CMRo, Ny » )
1= Ngw f,(U)(m—) .\th”R“/h,——I] @)

‘Ihe hasgling valuas and ulhar acsumulaled proporlionality Gon-
Klanix are agyregaled inlo a proporlionalily constanl, M

8 L P .
M = (ig=1)70) = Sydgyg, /5) o)

BBlood volume 5 i nol measurad directly. Rather, wa ulilize the
verulix of Grubh (3] W express blood volume in lermk of blood How:
<
Ny = Sp. @~ U038. Wa then apply Iig (3) to the calibration experi-
manl, for which the malabolic rate ralio Ny, e is unily, delesmining M
haxed unly un Y, and ¥, meaxursd (ur €0, hreathing. Wilh the [MR]
experimant calibraled hy delsrmination of M. which is tha maximum
pussible 13010 signal chanyu, tha normalised Ghanges in lask aclivation
Sp(1) and Sp(1) can ba used Lo compuls dynamic CMK )y mapx
1 a
CM Koy} (! Npl) - ))DY w"g
; = - ar
CHKG,WL) M
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Apphication ol lig (4) provides a dynamic noninvasive maasure-

ment ol changes in the CMR(j; nol available by olhey means

METIIOLS

Yulunigers hrealthed gases delivered Lhrough a nonvehreathing lace
mask al 13 1./min and allended (v & prujecied image. 'eriods ol baseline
vikual slimulus were inlerleaved with images ul a radial pinw heel aller-
naling al 12 lla. Aller 3 une-minule periods of Hashing visual simula-
lian allernaling with hasseling stimulus, inhalation was changed (tom air
o a mixiere of 3:21:/4 percant 120507 Ny [or 3 minules. During the
hinsl 3 minules. Lhe subjecls again hreathed air and repealed Lhe same
patlarn of visual stimulation s during the imt 3 minules. *hysiological
monitors recurded huearl rale, respiralory rale, uxygen saluralion, and

and-ludal €02 whenaver possible

131 amages (Advanced NMRAGH Signa 1.3 1) ware collecled
thyough caluarning covlex with the [ollowing thres pulke seguences: (A)
130 1.1) asymmetng spin gcho, fmm shice, TR=2 &, Th=/U mx, and ralo-
Guking pulse advanced 23 mx lvom 112 (13) FAIR inversion regovery
spin soho, Jmm slice, TR=3 «, 1i=1 &, 11i=43 mx, and slice-salaclive
invarsion pulse thickness 14 mm alwrnating with a nonselachive nver-
sion pulsg. Sublracion of nonseleclive from saluclive schoes is Lhe
FAIR xignal. (C) A hybrid kequunce designed w measure both atinbulax
wimullangously: the FAIR sequence ahuve was mudilied by using an
asymmalric spin gcho, Thi=i), velogussing pulke advancaed 23 mx (ur
BOLD sensitization, alley selective and nonselective inversion. The dil-
lerance holwean salucliva and nonsgleclive wchows Lthan provides CHBI°
waighling, wheraas the nonselactive acho providas 3O} weighling
I he order of experiments A and 13 was randomized bolwgan subjects

RESULTS

A BOLD BoEAIR C.M: max BOL 1) CMRO2
Flgure 1. Maps (vom a reprasantaliva subject showing Laxk aclivation
fur (A) BOLD and (13) I'AIK, and (C) the M paramalar. (1)) shows oxi~

dative metabolinm lask activation of 137% in vikual coviex.
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igure 2. BOLI) and FAIR time coursex, here shuwn normalized to the
hypatcapnia signal change. These are avaraged dats (rom 14 experiman-
tal runs (6 B3O, K FAIR), on 4 subjecik. Whan Lthe data are novmalized
in thin way, il s appavent thal FAIR duning pholic simulation w rola-
livaly mura vexpunsive than 3011
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trigure 3, Calculalad CMRO2Z lime courke. increasing by al lasst 137%
within seconds ol photic simulatiun onkal There resulls are cunsistent
agross subjecls, sxparimant order, and fur lunger aclivalion penods.

CONCLUSIONS

We prewent a modal, valibration mathod, and pulke sequence which
produce dynamic maps of changes in oxidalive melabolism. Preliminary
rasulls show swignihcant, immediale inGreasa in oxygen demand in acli-
valing vicual curtex, which reduces the 1301.1) allect by ax much ax 30%
[rum the lavel expacied frum FAIR.

Althuugh uxygen dumand doux not incraaxe as much ax blood llow,
s allfact un BOLY signal is sigmibcant, and should be considared in
cumparing relalive aclivation by J3OLI). Purthar work s needed W
determing tha conktangy of the ralio of CMKUZ 10 CB1 changa.

Of nate, our maps al the Goupling conslant M show incroased sensi-
tivily to BOLL) in primary visual cortes. This inding may Guninibule W
the rubustness ol 130 1.1) sclivalion xeen in Lhis region.
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