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INTRODUCTION 

The effects of aging on cerebral perfusion and metabolism 

s t i l l are not completely clear. Previous studies by the Kety-Schmidt 

technique provided discrepant results : no age-related changes in global 

blood flow (CBF) and oxygen metabolism (CMRO2) were detected when studying 

highly selected old subjects (1) , whereas a coupled decline in CBF and 

in CMRO2 was described in less carefully selected series (3, 4) . Additionally, 

atherosclerosis of the cerebral vessels was held by some authors ( 1 , 

2) as the main factor causing the CMRO2 decrease, whereas others (3, 

4, 5) considered also concomittant cellular alterations and/or loss due 

to aging per se. 

More recently, 133Xe non-1nvas1ve studies (6-9) repeatedly 

reported a decline in mean gray CBF with age, but did not provide any 

clue to the above question since CMRO2 was not concurrently measured. 
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Furthermore, very l i t t l e is s t i l l known concerning the regional 

CBF and CMRO2 and their interrelationship in normal human aging. I t is 

probable that circumscribed brain areas are principally affected by aging 

processes. We used the oxygen-15 continuous inhalation technique and 

PET in order to investigate age-related changes in both blood supply 

and oxygen metabolism at regional level. 

PATIENTS AND METHODS 

1) Patients : Twenty seven patients, without evidence of 

dementia, history of brain disease or vascular risk factors, were studied. 

There were 19 males and 8 females, a l l but one right-handed and aged 

19 to 76 years (mean 46 + 15). 

All PET studies were performed in "resting" state. Before 

the study, each subject was asked to keep his eyes closed and to avoid 

moving, speaking or sleeping during the examination. The ears were not 

plugged. External stimuli were reduced to minimum except for the inevitable 

sound of the tomography gantry motion. 

2) Methods : The ^ 0 continuous inhalation technique, as 

developed by T. Jones (10) was used. Methodological details are published 

elsewere (11, 12). 

The tissue 1 5 0 activity was detected by an ECAT I I (Ortec) 

single slice PET device with a spatial resolution of 16 by 16 mm in the 

lateral plane and 19 mm in the axial one (slice thickness). 

Head correct positioning was obtained by means of a laser beam projected 

on the lowest of three parallel skin marks previously drawn at about 

2, 4 and 6 cm above and at a 5° angle with respect to the orbito-meatal 

line (OM). 



3 

Arterial PCO2, PO2. pH, hematocrit and oxygen content (Ca) as well as 

1̂ 02 tracer concentration were measured from femoral samples. C^02 and 

15û2 images were reconstructed by a medium fi l tered back-projection algo

rithm, and thereafter transformed, pixel by pixel, into CBF, OEF (fraction 

of oxygen extracted) and CMRO2 images using published equations (10, 

11). 

3) Data analysis : Regional CBF, OEF and CMRO2 were calculated, 

using a standardized protocol (12), in as homogenuous as possible anatomical 

brain structures, by means of circular (4 cm?) ROIs. Seven different 

brain structures were considered : frontal, temporo-sylvian, sensory-

motor, parieto-occipital, occipital cortex, thalamus and centrum semiovale. 

Symmetrical positioning of ROIs was obtained by mirror-copy of one-sided 

ROIs with respect to the vertical axis, the proper location of the latter 

being verified by 20 % isocontour superimposition. For ROIs location, 

see f ig . 1. 

Mean gray CBF, OEF and CMRO2 were calculated by averaging 

all gray structures analyzed (24 ROIs) 

Finally, 

frontal to sensory-motor cortex ratios for CBF and CMRO2 were also analyzed. 

For data analysis, the patients were divided into two groups : the "young" 

group, including 18 subjects aged 19 to 50 years and the "old" group, 

including 9 subjects aged 55 to 76 years. 

RESULTS 

No significant change in PaCO?, Ca and arterial pressure 

was observed between young and aged subjects (see table 1). 

Mean gray matter: Mean gray CBF (CBFg) was significantly correlated to 

the age (r=0.44, p<0.02), whereas mean gray CMRO2 (CMRÛ2g) was not 



(r«0.31. p>0.10) (Fig. 2). 

Despite this lack of significant linear correlation for CMRÔ g» 

the comparison between the two groups by t-test showed that both CBFg 

and CMRÛ29 were similarly decreased In old subjects (respectively 18 X 

and 17 X, p<0.05).A statistically unsignlficant 7 X Increase 1n OEF was 

found 1n the "old" group. 

Regional CBF and CMRO7 values : As shown in f ig. 3, regional analysis 

revealed that in the "old" group, all gray matter structures showed a 

decrease in both rCBF and rCMRÛ2, ranging from 10 to 26 X. This age related 

decrease was not observed in white matter. In gray matter, frontal, temporo-

sylvian and parieto-occipital cortices were the more affected, and only 

for these regions statistical significance was reached (Fig. 3). 

Frontal to sensory-motor cortex ratio decreased from 1.14 

+0.17 1n the "young" group to 1.01*0.14 In the "old" group for CBF (0.06> 

p>0.05) and from 1.11*0.16 to 1.01±0.11 for CMRO2 (p>0.10) (Fig. 4). 

DISCUSSION 

In our group of normals without vascular risk factors, we 

found a moderate but significant coupled reduction In CBFg and CNR02g 

with aging (18 X and 17 X, respectively). In roughly similar populations, 

Fazekas et al (1) and Schelmberg et al (2) reported an age-related decline 

in whole brain CBF and CMRO2 of a magnitude close to that of our results ; 



mean hemispheric CBF has also been repeatedly shown to decrease with 

age in 133Xe non-invasive studies (6-9) . 

I t has been reported, however, that elderly subjects selected 

for their unusually healthy intellectual and physical state, had whole 

brain values not different from those of young subjects (1) , but that 

aged people with multiple vascular risk factors had decreased values 

( 1 , 2 ) . However, on average, a decline in both CBF and CMRO? was generally 

accepted (5) . 

Our data are also in agreement with the more recent Lenzi 

et al'study (13) using the ^ 0 continuous inhalation technique and PET. 

In addition, we found that white matter values were not affected 

by aging, in agreement with lenzi et a l ' study (13) and with some 133Xe 

rCBF studies (6, 9). Since the decline seems to affect only gray matter 

flow and metabolism, one could infer that glial cells are less involved 

by the aging process, as suggested also by histological data (14). 

Neuronal cell depopulation and/or diminished metabolic activity 

that are associated with normal human aging (14, 15) stands as the most 

l ikely hypothesis to explain the observed decrease in metabolic rate 

of oxygen, aid, in turn, in perfusion. 

This hypothesis is further borne out by our finding an essentially 

matched reaction in CBF and CMRO2 in older subjects, as reported also 

by Lenzi et al (15) and by most Kety-Schmidt technique studies (2-4) , 

indicating tnat the regulatory mechanism which adjusts oxygen supply 

to metabolic: demand remains essentially unaffected by the aging process. 

Our data c^-iot completely exclude a primary long-standing CBF reduction, 

leading to -;condary metabolic alterations and reduction 1n CMRO2. However, 

in this ce.::, an increase in the OEF should be expected at least in the 

early phase o f this process ; this was never observed 1n our subjects. 



In general agreement with most earlier studies using PET 

(13, 16), we found the decline in grey matter rCBF and rCMRO? to be diffuse 

but to affect principally the frontal and temporo-sylvianL"1nsula" in 

Lenzi et al ' study (13j)cortex. These findings may be related to the 

fact that in these regions neuronal loss is greater (14, 15). 

Additionally or alternatively, the CBF and CMRO2 decline observed in 

frontal cortex, a fact also indicated by the decrease in the frontal/ 

sensory-motor cortex ratio (f ig. 4) may be éw to a different cognitive 

response (17) and/or anxiety toward to PET study (10) 1n old people. 

Finally, the possibility that the observed global and regional CBF and 

CMRO2 decline with aging may be partially due to technical limitations, 

must be considered. I t Is unlikely that limitations Inherent to the 1 5 0 

steady state model (13) have affected our results, because there 1s no 

available evidence for a change neither 1n cerebral blood volume,, nor 

1n brain water content, and.Jience, In blood-brain water partition coefficient, 

with aging 1n man. 

On the other hand, the major technical limitation of PET technology, 



the partial volume effect, causing an unevitabie and unpredictible averaging 

of gray and white matter, might have resulted in some artifactual findings. 

In fact, if it is true, that the decrease in CBF and CMRO2 

with advancing age only affects gray matter, but not white matter, as 

suggested by the present and other studies (6, 9, 13), then our findings, 

as a result of this averaging effect, would underestimate true age-related 

changes in gray matter. 

On the contrary, the potential occurrence of cortical atrophy 

in old subjects might have resulted in greater proportion of slow- or 

non-perfused tissue in the ROIs analyzed, and hence in overestimation 

of the true age-related changes in gray matter CBF and CMRO?. Since a 

CT scan was not performed in this series of normal-brain subjects, we 

cannot estimate if an how much cortical atrophy would have affected our 

data. However, the fact that our results are in agreement with earlier 

studies (3, 4, 6, 7, 8, 9) that used CBF and CMRO2 techniques insensitive 

to cerebral atrophy, would tend to minimize the influence of such artifact. 

CONCLUSIONS 

1) A moderate but significant CBF and CMRO2 decrease was observed in 

mean gray matter of aged subjects, but not In white matter. 

2) The lack of any significant OEF increase in the "old" group indicates 

that the mechanism adjusting the oxygen supply to metabolic demand is 

essentially preserved in aging. 

3) Neuronal loss and/or a diminished metabolic activity of residual neurons 

are the most likely hypothesis to explain our findings. 

4) At regional level, frontal and temporo-sylvian cortices are the most 

affected structures by aging processes. 

5) 

More detailed findings would perhaps be obtained by further studies 



8. 

using PET device with higher spatial resolution, and performed in both 

resting and stimulated states. 
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FIGURE LEGENDS 

Figure 1 : Twenty six circular ROIs (4 cm2) were used for regional data 

analysis. These were f i rs t placed on CBF image and then 

automatically copied on corresponding CMRO? and OEF Images. 

Regional CBF, CMRO2 and OEF values were obtained for 7 different 

cerebral structures, avereging a varying number of ROIs, 

as following : 

1) Frontal cortex (2, 7, 12 on plane 2 and 2, 8, 13 on plane 3 ) , 

2) Temporo-sylvian cortex (3, 4, 8, 9 on plane 2). 

3) Sensory-motor cortex (3, 4, 9, 10 on plane 3). 

4) Parieto-occipital cortex (5, 11 on plane 3). 

5) Occipital cortex (6, 10, 13 on plane 2 and 6, 12, 14 on plane 3) 

6) Thalamus (5, 11 on plane 2) 

7) Centrum semiovale (7, 13 on plane 3). 

Figure 2 : Plot of mean gray CBF ( le f t side) 

and mean gray CMRO2 (right) values versus age in 27 control 

subjects. 

Significant linear relationship with age was found only for CBF 

(p<0.002). 

Figure 3 : Regional patterns of CBF and CMRO2 1n young and aged subjects. 

Mean values and one standard deviation a e Indicated for 

each brain region studied. 

Figure 4 : CBF and CMRO2 frofftal to sensory-motor cortex ratios.Gpen circles 

represent young subjects and black dots old subjects. Mean 

and one standard deviation are also indicated. 



Table 1. MificellaneouB data in "youns" and "old" subject» 

"YOUNG" "OLD" 

(N-18) (N-9) 

PaC02 37.14 2.0 3 7 . 5 * 2 . 8 

(nn Hc) 

Tota l a r t e r i a l 

Oxyren content 0.175 ±0.03 0 .164*0 .02 

(n2/100nl) 

Sys to l i c pressure 125*16 135± 7.5 

(nn Hf*) 

D i a s t o l i c pressure 78*12 85*11 

(rm Hc) 

Age 3 8 * 1 0 6 3 * 6 

"Young" group <50 years, n»18 

"Old" group >50 years, -n-9 

Mean + SD 
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R E S U M E 

Effects of normal aging on regional CBF and CMRO2 i n humans 

P. Pantano, J.C. Baron, P. Lebrjn-Grandié, N. Duquesnoy, M.G. Bousser 

and D. Comar. 

Nous avons appliqué la technique de l ' i n h a l a t i o n continue d'oxygène-15 
par tomographic d'émission de positons à 
l 'étude des var ia t ions du débi t sanguin cérébral e t de la consommation 
d'oxygène (CMRO2) avec l 'âge. 
Vingt-sept su je ts , d'âge var iant de 19 à 76 ans, sans aucun antécédent 
d 'a f fec t i on cérébrale, ni facteurs de r isque vasculai res ont été é tud iés. 
Les valeurs régionales de débi t e t de CMRO2 ont été calculés dans sept 
d i f fé ren tes structures cérébrales 

Dans la substance g r i s e , le déb i t et la CMRO2 diminuent avec l ' â g e , de 
façon couplée (reipectivement 18 % e t 17 % p<0.05), mais aucune va r i a t i on 
a été observée dans la substance blanche. 
Au niveau rég iona l , cette diminut ion est retrouvée dans toutes les s t ructures 
grises analysées, mais e l l e est plus marquée et s i g n i f i c a t i v e dans la 
cortex f r o n t a l , temporo-sylvien et p a r i e t o - o c c i p i t a l . 
Deux mécanismes peuvent êt re envisagés pour expl iquer ces r é s u l t a t s , 
une diminution du nombre de neurones avec le v i e i l l i semen t e t /ou une 
diminution de l ' a c t i v i t é métabolique des neurones residues. Par a i l l e u r s 
ces résu l ta ts peuvent ê t re l i é s à une d iminut ion des a c t i v i t é s cogni t ives 
avec 1'âge. 

Soumis : Ilnd Satellite Symposium on "Affects of Aging on Regulation 
of Cerebral Blood Flow and Metabolism", San Remo, June 30 - July 1, 1983. 


