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Introduction 

The first measurements of cerebral blood flow and metabolism in 

patients with dementia were performed by Freyhan, et al. ( 5 )  in 1951 

utilizing the newly developed nitrous oxide technique for the measure- 

ment of cerebral blood flow ,(13). These measurements of flow and 

oxygen metabolism were average measurements for the whole brain. 

Since then additional studies of cerebral oxygen metabolism and 

studies of cerebral glucose metabolism in aging and dementia have 

been performed (12,16,19,30,31). However, it was not until the 

introduction of the 18~-fluorodeoxyglucose method (27) has it been 

possible to make regional neasurements of metabolism in the human 
. . 

brain. Investigators from our group and elsewhere have used this 

technique for the det emination. of a1 terat ions of regional cerebral 

glucose metabolism in response to a variety of sensory stimuli (7,26), 

seizure disorders (14), psychoses (2), 'and cerebrovascular accidents (15). 

The purpose of this paper is to explore the alterations in regional 

glucose metabolism that occur in elderly subjects and those with senile 

demerl ti& compared to noma1 young volunteers. 

' 

The measurement of regibnal glucose metabolism in humans (27) .is 
. . 

based upon the 14~-deox~glucose autoradiographic technique for the 

determination of LCMRgl in animals (32). 1n this method 18~-2-fluoro- 

2-deoxy-D-glucose (I'F-FDG) is used as a tracer for glucose metabolism. 

. . Rased upon the model shown in Figure.1 and several assumptions 



ennumerated below, an operat ional  equation can be developed which 

enables one t o  determine LCMRgl i n  terms of  measurable parameters. 

This model cons iders  t h a t  glucose and 1 8 ~ - ~ ~ ~  share  and compete f o r  

a common t r a n s p o r t  c a r r i e r  between plasma.and bra in  t i s s u e .  Once 

t ranspor ted  i n t o  a common homogeneous precursor  pool, glucose and l g ~ - ~ ~ ~  

e i t h e r  compete f o r  a common c a r r i e r  f o r  t r anspo r t  back from b ra in  t o  

plasma o r  f o r  hexokinase f o r  phosphorylation t o  t h e i r  respec t ive  hexose- 

6-phozphat e s  . It  i s  assumed t h a t  'F-f l u o r o - d e o x y g l u c o ~ - 6 - P h ~ ~ P h a t e  

18 
( F-FDG-6-P), once formed, is  not  f u r t h e r  metabolized and is trapped 

i n  t h e  t i s s u e s .  This assumption, however, i s  not necessary and, as  

shown by Phelps, e t  a l . ,  (251 ,  t h e  model can be extended t o  include 

t h e  presence o f  phosphatase a c t i v i t y  i n  t h e  brain .  This,  however, is  

i n  very low concentra t ions  i n  t h e  b r a in  and f o r  s t ud i e s  performed 

over  a per iod of 50 minutes t h i s  term can be omitted. 

In o r d c r  t o  usc t h i s  model t o  quan t i fy  tho r a t 0  of  l oca l  corobrnl 

glucose u t i l i z a t i o n ,  t h e  following assumptions, i n  add i t ion  t o  those 

above, are required:  (1) t h e  l o c a l  region i s  homogeneous with respect  

t o  blood flow, r a t e s  of t ranspor t  of glucose and "F-FDG between plasma 

and t i s s u e ,  and r a t e s  of phosphorylation of glucose and 18F-~DG, 

(2)  these  r a t e s  and t h e  plasma glucose concentrat ion a r e  constant  during 

t h e  period of measurement, (3)  t h e   SF-FDG and glucose a r e  present i n  

a s i ng l e  compartment i n  each homogeneous l o c a l  region,  ( 4 )  t h e  'IF-FDG 

and 1 8 ~ - ~ D ~ - 6 - p  a r e  present i n  t r a c e  amounts and (5) t h e  a r t e r i a l  

plasma concentra t ions  of glucose and "F-FDG a r e  approximately equal 

t o  t h e i r  c a p i l l a r y  plasma concentra t ions .  Since the  ce rebra l  

ex t rac t ion  r a t i o s  of glucose and 'IF-FDG a r e  normally very low, 



approximately l o%,  t h e  eean cap i l l a ry -  plasma concentra t ions  a r e  f a i r l y  

well approximated by t h e  a r t e r i a l  plasma concentra t ions .  On t h e  

b a s i s  of t h i s  model and these  assumptions, t h e  fol lowing operat ional  

l - ( F + k s s ) T  equation can be derived.  - k, c p e e ( k l . + k a . ) t d t  

_ . . __ ___. _ _ -- 
where R = t h e  c a l cu l a t ed  r a t e  of  glucose consumption Ter  gram of t i s s u e ;  

C~ 
* = t h e  concentra t ion of 18F-FDG + 18F-FD~-6-p i n  t h e  t i s s u e ;  Cp* and 

Cp = t h e  a r t e r i a l  plasma concentra t ions  of  -I8F-FDG and glucose,  

respect ively;  kl*, kZ*, k3* a r e  t h e r a t e c o n s t a n t s  f o r  t h e  t r an spo r t  

from plasma t o  t h e  t i s s u e  precursor  pool,  f o r  t h e  t r an spo r t  back from 
. . 

t i s s u e  t o  plasma, and f o r  t h e  phosphorylation ,of 1 8 ~ ~ ~  i n  t h e  t i s s u e ,  

r espec t ive ly ;  A = t h e  r a t i o  of  t h e  d i s t r i b u t i b n  volume of 18~-FbG i n  

the  t i s s u e  t o  t h a t  of glucose; 6 = t h e  f r a c t i o n  of glucose t h a t ,  once 

phosphorylated, continues down the  g lyco ly t i c  pathway; and Km* and Vmax* 

and K and V a r e  t h e  k i n e t i c  constants  of  hexokinase f o r  1 8 F - F ~ ~  and 
m max 

glucose, r espec t ive ly .  The l a t t e r  s i x  cons tan t s  can be combined i n t o  

one constant ,  which has been designated t h e  lumped constant  

(h .V * .  K /d'Vmax-Km*). 
max m 

Thus, by quan t i t a t i ng  t he  t o t a l  1 8 ~  a c t i v i t y  r eg iona l l y  by means of 

posi t ron emission tomography, measuring t he  time course of a r t e r i a l  

1 8 ~ - F D G  s p e c i f i c  a c t i v i t y  and knowing t he  values of k*l, k**, k*3, and 

t he  lumped constant  f o r  1 8 F - F ~ ~  i n  man i t  is  poss ib le  t o  c a l c u l a t e t h e  

LCl4Rgl i n  various s t r u c t u r e s  of t h e  b r a in .  

In these  s t ud i e s  the  regional  18F  a c t i v i t i e s  were determined with 

the  PETT I11 scanner a t  Rrookhaven National Laboratory. This scanner 



c o n s i s t s  of 48 NiI (TI) s c i n t i l l a t i o n  de t ec tb r s  in .  a  .hex?gonal a r r ay .  

Each s i d e  of t h e  hexagon has 8 de t ec to r s  mounted on a pla t form capable 

of r e c t i l i n e a r  motion and t h e  e n t i r e  hexagon i s  mounted on a gantry  

capable of r o t a t i n g .  Collimation i s  achieved by measuring only pos i t r on  
. . 

a n n i h i l a t i o n  r a d i a t i o n  by having each de t ec to r  i n  coincidence with a l l  

d e t e c t o r s  i n  t h e  opposi te  bank. With t r a n s l a t i o n  of t h e  banks,and 

r o t a t i o n  of t h e  gantry  t h e  r a d i o a c t i v i t y  i n  t h e  b r a in  t i s s u e  i s  

measured from a number o f  angies. A reconstruct ion algori thm s i m i l a r  

to that u3cd i n  CAT scanning al lows l oca l  t i s s u c  i3stspc canecntration 

t o  be  ca lcu la ted .  The i n t r i n s i c  s p a t i a l  r e so lu t i on  of  t h e  PETT 111 i n  

t h e  plane of t h e  s ec t i on  is  1.7 cm full-width-half-maximum. 

In add i t ion  t h e  t h e  d e t e i i n a t i o n  of t h e  d i s t r i b u t i o n  of b;ain 18F 

a c t i v i t y ,  knowledge of  both t h e  a r t e r i a l  blood plasma glucose and 18F-FDG 

concentra t ions  a s  a funct ion of time following t h e  intravenous admini- 

s t r a t i o n  of 18F-FD~ is  required.  In order  t o  minimize t h e  amount of 

f r e e  I 8 ~ - F ~ G  i n  t h e  precursor  pool, t h e  18F - FDG i s  administered a s  a 

bolus and then 30 minutes a r e  allowed t o  e lapse  before t h e  b r a in  

d i s t r i b u t i o n  of 18F a c t i v i t y  i s  determined. Thus, most of t h e  'IF 

a c t i v i t y  i n  t h e  sec t ion  scan i s  i n  t h e  form of 18~-FllG-6-p. Correction 

i s  made f o r  t h e  small amount o f  f r e e  I Y F - ~ ~ G  present from knowledge of 

t h e  a r t e r i a l  plasma "F-FDG time course and the  turnover r a t e  of t h e  

precursor  pool. 

Nine normal young male volunteers of mean age 22 years  (range 

19-26) were s tudied.  Four e lde r ly  normal subjects  of mean age 72 

years  (range 60-56) were a l so  examined a s  were e ight  p a t i e n t s  with a 



diagnosis  o f  s e n i l e  dementia of mean age 72 (range 64-78). The e l d e r l y  

con t ro l  sub j ec t s  and t h e  p a t i e n t s  with s e n i l e  dementia were evaluated 

by a b a t t e r y  of psychometric t e s t s .  The Guild blemory Scale  and WAIS 

vocabulary sub- tes t s  were used. Individuals  with a previous h i s t o r y  

of neuropsychiat r ic  condit ions o r  severe cardio~ulmonary'disorders 

were excluded. On t h e  b a s i s  of  t h e  psychometric t e s t i n g  each sub jec t  

was assigned a Global Deter iora t ion Scale (GDS) r a t i n g  of 1-7 a s .  , 

follows: 1 = normal, 2 = very mild, 3 = mild, 4 = moderate, 

5 = moderately severe,  6 = severe,  and 7 = very severe.  

The measurement of  l oca l  ce rebra l  glucose metabolism was performed 

a s  previously  described (27). Briefly,  t h i s  cons i s ted  of t h e  

i n s e r t i o n  of a r a d i a l  a r t e r y  ca the t e r  under l o c a l  anes thes ia  following 

which t h e  sub jec t  was made comfortable i n  t h e  scanner and t h e  head 

posi t ioned i n  a r e s t r a i n i n g  device. The o r b i t a l  medial l i n e  was 

posi t ioned perpendicular t o  t h e  hor izontal  plane of t h e  scanner. An 

intravenous bolus of 70-140 pCi/Kg body weight of 1 8 F - ~ ~ G  was then 

administered. The a r t e r i a l  'IF-FDG spec i f i c  a c t i v i t y  time course was 

measured by withdrawing blood samples from t h e  r a d i a l  a r t e r y .  These 

samples were withdrawn every I S  seconds f u r  the  f i r s t  minute, every 

minute f o r  t he  next 9 minutes, then every 5 minutes f o r  30 minutes, 

and f i n a l l y ,  every 15 minutes u n t i l  t he  end o f  t h e  study.  With t h i s  

information pllls t h e  t i s s u e  1 8 ~  a c t i v i t y  determined from t h e  s ec t i on  

scan and know1 edge of t h e  r a t e  constants and lumped constant  f o r  18F-FDG 

i n  man (28) LCWRgl was calcula ted f o r  various regions of t h e  b r a in  i n  

the  normal sub jec t s  and pa t i en t s  with s en i l e  dementia. 
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Resul ts  

The mean metabolic r a t e s  f o r  va r ious  gray mat ter  a reas  of t h e  b r a in  

were determined i n  a l l  t h r e e  groups (Table 1 ) .  In t h e  young sub j ec t s  

t h e  metabolic r a t e s  ranged from 4.1 mg/100 g/min ( f r o n t a l  cor tex)  t o  
. . 

14.2 mg/100 gymin (v i sua l  cor tex)  . The metabolic r a t e s  , i anged  f r o m  3.1 

mg/100 g/min ( f r o n t a l  cor tex)  t o  6.9 mg/100 g/min (v i sua l  co r t ex )  i n  

e l d e r l y  c o n t r o l s  and from 2.1 mg/100 g/min ( f ron t a l  cor tex)  t o  6 . 3  

mg/100 g/min (v i sua l  c o r t e d i n  p a t i e n t s  with s e n i l e  dementia. The mean 

c o r t i c a l  va lue  (average metabolic r a t e s  from f r o n t a l ,  aud i to ry ,  and 

v i s u a l  c o r t i c e s )  was 6 .5  2 2..9 mg/100 g/min f o r  t h e  young con t ro l s ,  

4.8 5 1.0 mg/100 g/min i n  t h e  e l d e r l y  con t ro l s  and 3 . 7  k 0.9 rng/100 g/min 

i n  t h e  demented p a t i e n t s .  There was a  s i gn f i can t  d i f fe rence  between 

t h e  mean c o r t i c a l  va lues  obtained i n  young con t ro l s  and p a t i e n t s  with 

dementia (p < .05) .  However., no s i g n i f i c a n t  d i f fe rence  i n  metabolic 

r a t e s  Was found between t h e  l a t t e r  group and t h e  e lde r l y  con t ro l s  o r  t h e  

e l d e r l y  con t ro l s  and t h e  young con t ro l  sub3ects.  In general ,  t h e  

metabolic r a t e s  were r e l a t i v e l y  lower i n  t h e  f r o n t a l  a reas  of p a t i e n t s  

with dementia. The metabolic a c t i v i t y  was symmetric i n  a l l  t h r e e  

groups (Table 2 ) .  There was no c o r r e l a t i o n  between t h e  mean c o r t i c a l  

metabolic r a t e s  and t he  Global Deter iora t ion Scale r a t i n g  as  

determined by psychometric s t ud i e s  i n  e i t h e r  e l de r l y  con t ro l s  o r  

p a t i e n t s  with dementia (Table 3 ) .  No attempt was made t o  c o r r e l a t e  

t h e  regional  metabolic r a t e s  with a s p e c i f i c  psychometric measurement. 



Discussion 

Freyhan, e t  a 1  . (5) 2 i n .  1951. made t h e  ,:first measurements o f  ' 

cerebra l  blood f low and metabolism i n  p a t i e n t s  with s e n i l e  dementia. 

They found t h a t  t h e r e  was a s i g n i f i c a n t  reduct ion i n  c e r e b r a l  blood 

flow from a normal va lue  o f  54 t o  41 m1/100g/min and i n  c e r e b r a l  
. . 

oxygen consumption from a normai value  of  3 . 3  t o  a mean o f  2 . 8  

ml/lOOgm/min. Lassen e t  a l .  (19) s tud ied  c e r e b r a l  oxygen consumption 

i n  a group of p a t i e n t s  with dementia. The average c e r e b r a l  blood flow 

i n  t h e  group of demented p a t i e n t s  was s i g n i f i c a n t l y  lower than t h a t  

of  normal s u b j e c t s  of  comparable age. They a l s o  found a s i g n i f i c a n t  

c o r r e l a t i o n  between t h e  c e r e b r a l  metabolic r a t e  of  oxygen and t h e  

degree of  dementia t h a t  was presen t .  In a f u r t h e r  s tudy  by Lassen e t '  

a l .  (16) aged normal s u b j e c t s  with an average age of  72 y e a r s  were 

compared with young normal a d u l t s .  Their  ce rebra l  metabolic r a t e  f o r  

oxygen was found t o  be  s i g n i f i c a n t l y  lower (9%) than t h a t  of  t h e  

young normal s u b j e c t s .  In add i t ion ,  n ine  s u b j e c t s  with o rgan ic  

dementia (average age 74 years )  were examined and found t o  have a 

cerebra l  oxygen consumption s i g n i f i c a n t l y  below t h a t  of both t h e  

young normal and aged nonnal s u b j e c t s , . b e i n g  on t h e  average 209 

below t h e  l e v e l  found i n  young normal a d u l t s .  

. The relationshi!,  betwee? age and ce rebra l  blood flow and c e r e b r a l  

oxygen consumption was,examined by Kety (12): During t h e  f i r s t  decade 

of l i f e ,  va lues  f o r  .both ce rebra l  blood flow and'bxygen consumption 

a r e  r e l a t i v e l y  high,  almost twice t h e  value found i n  t h e  e a r l y .  20 ' s .  

There i s  a r ap id  d e c l i n e  i n ' b o t h  of these  parameters i n  t h e  second 

decade. From t h e  t h i r d  decade on t h e r e  is  a more gradual d e c l i n e  



through middle and o l d  age t o  a value of  approximately 75% of t h a t  i n  

t h e  e a r l y  20's .  Sokoloff (3O)studied.a  se lec ted  group of hea l thy  

e l d e r l y  sub jec t s .  The sub j ec t s  were f r e e  of any evidence of  d i s ea se  

including vascu l a r  d i sease .  There was no s i g n i f i c a n t  d i f f e r ence  i n  

t h e i r  c e r eb ra l  blood flow o r  oxygen consumption compared t o  normal 

young sub j ec t s .  There was, however, a  s i g n i f i c a n t  decrease i n  

c e r eb ra l  g i ~ ~ ~ s e  metabolism. This cons i s ted  of approximately a 25% 

dec l ine  compared t o  t h e  young normal sub jec t s .  In a s imi l a r  group 

of e l d e ~ l y  men, diIItring only i n  t h a t  they had c l e a r  e~rirlence n f  

minimal asymptomatic d i sease ,  c h i e f l y  vascular ,  t he r e  was a s i g n i f i c a n t  

decrease i n  ce r eb ra l  blood flow of approximately 15%. The ce rebra l  

oxygen consumption was no t  s i g n i f i c a n t l y  d i f f e r e n t  , but again., 

ce rebra l '  glucose metabolism was approximately 20% below t h e  value 

f o r  young normal sub j ec t s .  On t h e  b a s i s  of these  da t a  it was suggested 

thar t he  decreases i n  c c r cb ra l  blood flow and oxygen consumption 

repor ted i n  e l d e r l y  sub j ec t s  a r e  not t h e  consequences of chronological  

age z e r  se but r a t h e r  of concomittant d i sorders ,  primarily a thero-  

s c l e r o s i s ,  which causes a r e l a t i v e  ce rebra l  c i rcu la to ry  insuff ic iency 

and hypoxia and then a f t e r  a protrac.ted period of  t he  l a t t c r ,  ce rebra l  

t i s s u e  damage with consequent reduct ion i n  cerebral  metabolic r a t e .  

In p a t i e n t s  with sen i le ,dement ia  both oxygen and glucose metabo- 
1 

llsm are  depressed cun~pal-ed to c1dcrl.y control  subjects  w i t h  ?.he 

depression i n  glucose metabolism being r e a t e r  than oxygen metabolism (31). 

The d i sassoc ia t ion  between .oxygen uptake and glucose consumption by t h e  

b r a in  i n  e l d e r l y  sub jec t s  and p a t i e n t s  with dementia may be due i n  p a r t  

t o  t h e  u t i l i z a t i o n  by t h e  b r a in  of subs t r a t e s  other  thzn glucose. 
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G o t t s t e i n  e t  a l .  (6) have shown i n  normal s u b j e c t s  f a s t i n g  f o r  12 t o  18 

hours t h a t  t h e r e  is  a  s i g n i f i c a n t  uptake  of a c e t o a c e t a t e  and hydroxy- 

b u t r a t e  by t h e  b ra in .  This  had been shown prev ious ly  by Owen e t  a l .  (24) 

i n  t h r e e  obesse s u b j e c t s  who had f a s t e d  f o r  40 .days .  The f i n d i n g s  of 

G o t t s t e i n  e t  a l .  (6) revealed  t h a t  even i n  normal s u b j e c t s  with minimal 

f a s t i n g  t h e  b ra in  u t i l i z e s  ketone bodies .  They found t h a t  about 10% of 

t h e  oxygen consumed by t h e  b r a i n  i s  r e q u i r e d  f o r  t h e  ox ida t ion  o f  t h e s e  

ketone b o d i e s . .  I t  may be  t h a t  i n  normal aging and s e n i l e  dementia t h e  

observed d i s a s s o c i a t i o n  between oxygen and g lucose  metabolism is due 

t o  an even g r e a t e r  percent  of  t h e  oxygen being u t i l i z e d  f o r  t h e  

ox ida t ion  of  ketone bodies .  

Following t h e  in t roduc t ion  of  t h e  i n t r a c a r o t i d  8 5 ~ r  and 1 3 3 ~ e  tech- . . 

niques,  it became p o s s i b l e  t o  measure r eg iona l  c e r e b r a l  blood f low (17,18).  

Obr i s t  e t  a l .  (21) us ing t h e  1 3 3 ~ e  i n t r a c a r o t i d  i n j e c t i o n  technique,  

measured reg iona l  c e r e b r a l  blood flow i n  a  group of  p a t i e n t s  with s e n i l e  

dementia and p r e s e n i l e  dementia and compared t h e  r e s u l t s  t o  normal 

hea l thy  con t ro l  s u b j e c t s .  S i g n i f i c a n t  o v e r a l l  r educ t ions  i n  c e r e b r a l  

blood flow and r e l a t i v e  gray mat t e r  weight were found i n  both t h e  

s e n i l e  and p r e s e n i l e  groups which correl.at.ed well  wi th  t h e  degree of  

dementia. In  t h e  s e n i l e  p a t i e n t s  blood flow reduct ions  occurred 

prim.ari .1~ i n  the  g ray .mat t e r  while i n  t h e  p r e s e n i l e  p a t i e n t s ,  both the  

gray and white mat ter  flows were reduced. Focal r educ t ions  i n  f low 

were c o n s i s t e n t l y  found i n  t h e  f ronta l - temporal  region i n  t h e  p a t i e n t s  

with s e n i l e  dementia but  had a  more v a r i a b l e  l o c a l i z a t i o n  i n  t h e  p re -  

s e n i l e  p a t i e n t s .  S imi la r  s t u d i e s  by Ingvar and Gustafsen ( l o ) ,  Simard 

e t  a l .  ( 2 9 ) ,  and Lavy e t  a l .  (20) have confirmed t h e s e  f i n d i n g s .  



Hagenberg and Ingvar  (9), i n  a d d i t i o n  t o  t h e  genera l i zed  decrease  

i n  f low i n  p a t i e n t s  wi th  p r e s e n i l e  dementia, were a b l e  t o  demonstrate 

f o c a l  flow a b n o r m a l i t i e s  c o r r e l a t e d  with s p e c i f i c  c o g n i t i v e  d e f e c t s .  

P a t i e n t s  who showed on ly  memory d i s tu rbances  demonstrated a  f o c a l  f low 

reduct ion i n  t h e  temporal region.  More severe ly  a f f e c t e d  p a t i e n t s  wi th  

reduc t ion  of  v e r b a l  a b i l i t i e s  and s i g n s  of agnosia showed very  low 

flows i n  o c c i p i t a l - t e m p o r a l - p a r i e t a l  regions  of t h e  hemisphere. Gustafsen 

e t  a l .  (8) found t h a t  i n  p a t i e n t s  wi th  p r e s e n i l e  dementia and express ive  

aphas ias  f low was f o c a l l y  decreased i n  Wernicke's and bracals a r e a s .  

The e f f e c t s  of  a c t i v a t i o n  with va r ious  forms of psychological  

t e s t s  on r e g i o n a l  blood f low was examined by Ingvar e t  a l .  (11).  

They found t h a t  dur ing a c t i v a t i o n  t h e  f low augmentation i n  t h e  a s s o c i -  

a t i o n  a reas  i n  t h e  demented p a t i e n t s  was not a s  marked a s  i n  normal 

c o n t r o l  sub j e c t s  ; Thus, organic  dementia appears t o  be accompanied, 

not  only by a  low l e v e l  of  f u n c t i o n a l  a c t i v i t y  i n  rhe associa t iur i  

co r tex ,  but  a l s o  by a  reduced a b i l i t y  t o  a c t i v a t e  t h e s e  regions  dur ing 

mental e f f o r t .  

The i n t r a c a r o t i d  1 3 3 ~ e  technique i s  an invas ive  procedure and 

r e q u i r e s  admin i s t ra t ion  of t h i s  r ad ionuc l ide  i n t o  t h e  i n t e r n a l  c a r o t i d  

a r t e r y  f o r  each s tudy.  This  has  prevented i t s  use a s  a  r o u t i n e  t e s t  

fnr t h e  evaluat ion of neuropsych ia t r i c  d i so rders .  Furthermore, u s u a l l y  

only one hemisphere i s  s tud ied  by t h i s  .t ecluliyue excluding compafisbii 

of t h e  two hemispheres. 

The  use  of noninvasive c e r e b r a l  blood flow techniques ( 2 2 , 2 3 )  e i t h e r  

133 
by i n h a l a t i o n  o r  in t ravenous  admin i s t ra t ion  of Xe has permitted t h e  



measurement o f  r eg iona l  f low i n  both hemispheres on a  r o u t i n e  b a s i s .  

With t h i s  technique,  O b r i s t  e t  a l .  (23) and Wang and Busse (33) have 

shown a  s i g n i f i c a n t  d i f f e r e n c e  between aged ..no-k.nial: .sub j  e c t s .  and 

young normal s u b j e c t s .  They a l s o  demonstrated q i g n i f i c a n t  f low 

reduc t ions  i n  demented p a t i e n t s  compared t o  a  normal age-matched 

group. They concluded t h a t  blood flow d e c l i n e s  s i g n i f i c a n t l y  i n  

t h e  average (unselec ted)  o ld  i n d i v i d u a l  and t h i s  r e d u c t i o n ' i s  noted  

e a r l i e r  and i s  of g r e a t e r  magnitude when accompanied by i n t e l l e c t u a l  

d e t e r i o r a t i o n .  They found a  good c o r r e l a t i o n  between t h e  c e r e b r a l  

blood f low f i n d i n g s  i n  t h e  aged group and t h e  performance on 

s t andard  psychological  t e s t i n g .  Using O b r i s t ' s  technique,  Baer e t  

a l .  (1) and Lavy e t  a l .  (20) have shown a  d e c l i n e  i n  c e r e b r a l  blood 

flow with aging and f u r t h e r  r educ t ion  wi th  both p r e s e n i l e  and s e n i l e  

dementia. 

Although measureaents of r e g i o n a l  blood f low have been conducted, 

u n t i l  now, it has not  been p o s s i b l e  t o  measure changes i n  r eg iona l  

g lucose  consumption i n  p a t i e n t s  with dementia. Our d a t a  have revealed  

decreased.  r e g i o n a l  metabolic  r a t e s  f o r  g lucose  i n  normal e l ' de r ly  

s u b j e c t s  compared t o  young normal s u b j e c t s  and a  f u r t h e r  d e c l i n e  i n  

p a t i e n t s  with dementia., However, only t h e  change i n  metabolic  r a t e s  

from norma'l young s u b j e c t s  t o  pa t ' ien ts  with dementia was s t a t i s t i c a l l y  

s i g n i f i c a n t .  With l a r g e r  nwnbers of  s u b j e c t s ,  t he  d i f f e r e n c e s  i n  LCMRgl 

between t h e  e l d e r l y  normal s u b j e c t s  and young normal s u b j e c t s  and 

between demented p a t i e n t s  and e l d e r l y  normal s u b j e c t s  may become 

s i g n i f i c a n t .  With t h e  in t roduc t ion  of  h igher  r e s o l u t i o n  scanners ,  
. . 

s i g n i f i c a n t  r eg iona l  d i f f e r e n c e s  among t h e s e  groups may become, 

apparent .  I n  t h i s  s tudy t h e r e  was a tendency f o r  t h e  f r o n t a l  r eg ions  



t o  have a  lower metabol ic  r a t e  i n  p a t i e n t s  with dementia al though t h i s  * 

did  not reach t h e  l e v e l  of s i gn i f i c ance  when compared t o  t h e  e l d e r l y  

con t ro l  sub j ec t s .  The changes i n  glucose metabolism were symmetrical 

i n  both  t h e  l e f t  and r i g h t  hemispheres. 

These r e s u l t s  a r e  cons i s t en t  with s imi l a r  f ind ings  with reg iona l  

blood flow determinat ions  and with t h e  only o ther  measurements of LCMRgl 

i n  'dementia .which were perfo.*d: by: F e r r i s  e t  al. .  (3). .. . The . - la t t e r  . i nves t i -  

ga.t.ors found a 33-37% dec l i ne  i n  LCMRgl i n  p a t i e n t s  with dementia 

compared t o  e l d e r l y  coritYOl subjecrs. 111 arldi l iul i ,  t;llcy' IOUII~ a 

c o r r e l a t i o n  between t h e  LCMRgl and t he  cogni t ive  d e f i c i t  i n  t h e i r  

p a t i e n t s .  I n  t h e  p r e sen t  study t he r e  was a lack of c o r r e l a t i o n  

between t h e  mean c o r t i c a l  metabolic r a t e s  f o r  glucose and t h e  global  

mental func t ion  i n  t h e  p a t i e n t s  with s e n i l e  dementia. This i s  a t  

var iance wi th  most of t h e  regional  ce rebra l  blood flow da t a  t h a t  has 

been co l l ec t ed .  'l'his may be p a n l y  r e l a t e d  Lu Ll~e u s e  01: s u b s t f a t e s  

o the r  than glucose by t h e  brain i n  e lde r ly  and demented sub j ec t s .  This 

could bc f u r t h c r  evaluated by the  mcasllrement nf local  ce rehra l  oxygen 

consumption which would enable an est imate t o  be made of t he  propor t ion 

of  oxygen being u t i l i z e d  f o r  the  oxidation o f  subs t r a t e s  o the r  than 

glucose.  I t  i s  now pos s ib l e  t o  make such neasurements of reg iona l  

ce rebra l  oxygen consumption.using oxygen-15 and pos i t ron ,emlss lon  
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Area 

Frontal: 

Aud i t nry 

visual 

Table 1 

LCMRgl ng/ 100 g/min ' * 

Y o u n ~  Controls Old Controls 

'i. 

Senile Dementia 



Table 2 

LCMRgl (L/R ratio) 

Young Controls Elderly Controls Senile Dementia 

n = 9  n = 4  n = 8  

Frontal Cortex , '.98 + .02 1.01 + .06 .96 + .03 
. . 

Auditory Cortex 1.00 f .05 1.02 + .07 1.02 + .15 

Visual Cortex .99 + .02 .98 + .03 .96 t .03 



Old Controls 

S e n i l e  Dementia 

Group 1 

Group 2 

Group 3 

Table 3 

Global Rating - n t4ean * Range 

* ?lean t s t a n d  d e v i a t i o n .  
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Figure Legend : 

Fig. 1. R e o r e t i c a l  node1 f o r  t r anspo r t  and ne tabo ls in  o f  glucose 
and deoxyglucose i n  t he  b ra in .  Cp and.Cpx represent; t h e  

11 concen t ra t ions  of  glucose and C-deoxyglucose i n  t h e  
a r t e r i a l  plasma, respec t ive ly ;  C and CE* represent  t h e i r  E respe,c t ive  concentra t ions  i n  t h e  t i s s u e  poo . l s , tha t  se rve  
as substrates f o r  hexokinase  and CF4 and Ct!* Iypresent 
t h e  concentra t ions  of  glucose-6-phosphate and C-deoxy- 
glucose-6-phosphate i n  t h e  t i s s u e .  The constants  k*, k; and 
k; , represenf t h e  +ate  constants  f o r  c a r r i e r  mediaied 
t r anspo r t  of 'c-deoxyglucose from plasma t o  t i s s u e ,  from t i s s u e  
hack t.n p13 qmg, and for phosphorylution by htxokiiiase, resgecr- 
i,vsly. i'he cons tan t s  kl, k2, k3, are d e  equivalent. r a r e  
constants  f o r  glucose. 




