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Measurement of local blood flow and oxygen consumption in evolving irreversible ce
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Positron emission tomography (PET) allows in vivo measurement of local cerebral 
blood flow (1CBF), oxygen consumption rate (ICMRO2) and glucose utilisation (lCMRGlc) 
in man. Although lCMRGlc is accessible in animals, this is not the case for ICMRO2, 
an excellent index of local functional state. 

PET imaging of the local interrelationship of CBF and metabolism in completed is
chemic stroke has attracted considerable interest because of its potential to diffe
rentiate irreversibly damaged from viable tissue on the basis of the CBF-metabolism 
patterns. Several qualitative' or semi-quantitative^t 5, 11 pioneering studies provi
ded a limited insight into this question, while the single truly quantitative study 
was only briefly reported8»12. We report here a detailed study of the local CBF-CMRO2 
quantitative patterns in irreversibly infarcted brain regions. 

Patients and Methods 
1 - Thirty-five quantitative studies of 1CBF and ICMRO2 were performed in 25 pa

tients (mean age 63 years), 10 of whom were studied twice. All studies were performed 
between the 2nd and 38th day after clinical onset of completed ischemic stroke in the 
internal carotid artery territory. 

2 - We used the continuous inhalation technique coupled inth PET^» ^. Three 
adjacent brain levels were scanned with the ECAT II device (slice thickness 19 mm, 
lateral resolution *\» 16 mm). At equilibrium, a femoral arterial puncture allowed 
measurement of arterial blood 1^0 concentrations, Pa CO2, Pa O2, pH and arterial oxygen 
content (Ca). For each brain level studied, the C1^02 and 1^02/C1*02 ratio images 
were transformed pixel by pixel into CBF and oxygen extraction fraction (OEF) images, 

gj| respectively. A CMRO2 image was then generated (CMRO2 " CBF.OEF.Ca). 
J£ 3 - The location of irreversible infarction was assessed in each case by means 

of repeated CT scans (24 patients) or post-mortem (3 patients). On the C.T. scans, 
• persistent hypodensity and/or marked contrast-enhancement were taken as evidence of 

irreversible necrosis. Then, circular regions of interest (ROI) were located in appro-
<N ximately the tie brain areas on the CMRO2 images, and the mean ROI values for CBF, 
1 OEF and CMRO2 re automatically calculated, as well as the corresponding values 
en from the contralateral homologous ROI. To allow comparison with control data, 4 cm2 

0 , 1 ROI were used ; however, in 10 patients (12 studies) with C.T. lesions less than ^ 
3-4 cm, 1 cm 2 ROI were used to minimize the partial volume effects. 

4 - Depending on the size of the actual necrosis, from 1 to 12 ROI were available 
for a given patient. If the values for neighbouring ROI on the same brain level were 
similar, they were averaged. Thus, up to 6 infarct data per patient were finally ob
tained. Each infarct value was also expressed as percent of its contralateral homolo
gous value. Both the absolute and the percent values were plotted against time from 
onset for all patients. They were further subdivided according to the pattern of CBF-

J} CMRO2 relationship, as determined by the percent 10EF value, taking 12 % difference 
£ ^ as significant (p < .05 from 19 control studies). Local "luxury-perfusion syndrome" 
jjt or "misery-perfusion syndrome"* were defined if infarct 10EF was significantly low 
< ^ o r high, respectively, and "matched" CBF-CMRO2 otherwise. Comparison of means were 
*i performed between the above 3 subgroups, as well as between "early" (i k days after 

• Mgclinical onset, 11 studies) and "late" (2 5 days, 24 studies) infarcts, 
o i u 
SJ3< Results 
•oc8o 1) The individual values of 1CBF, 10EF and ICMRO2 in the areas of irreversible 

infarction and their evolution with time appear clearly in Fig. 1 (absolute data) 
and 2 (percent). "Early" 1CBF was extremely variable, ranging from 5 % to 125 % of 
contralateral values, but its trend to increase during the 2nd week and to remain 
somewhat elevated until the 40th day was apparent, and highly significart (Table 1). 
"Early" 10EF ranged from low to high values (43 to 184 7.), but was almost univer
sally decreased later on, again a highly significant trend (Table 1). The ICMRO2, 



however, vas consistently depressed - except for a few data points -, showing only 
a barely significant absolute and relative) increase with time (table 1) ; it ran
ged from 7 % to 84 1 of contralateral CMRO2. 

Table 1 - Mean 1CBF, 10EF and ICMRO2 in "early" and "late" infarcts 
* p < 0.05 - *** p < 0.001 

DAY N 
CBF ABSOLUTE ml/100g/min PERCENT 

OEF 
ABSOLUTE PERCENT 

CMRO2 
.ABSOLUTE PERCENT 
nl/100g/mia 

2 4 
S5 

39 
50 

14.2 1 8.4*** 
23.4 +. 9.5 

56 ± 29*** 
82 ± 24 

0.50 + 0.19*** 
0.35 +• 0.16 

94 + 36*** 
68 +. 21 

1.20 + 0.54* 
1.48 - 0.71 

45 t 18* 
52 t 16 

2) CBF-CMR02 relationships : a mismatch between local demand and supply of oxygen 
within the area of irreversible infarction was seen in 91 Z of the studies. Misery-
perfusion (6 studies) was almost confined to the first 4 days (5/6), but in 4 "early" 
instances was associated with areas displaying "matched" or luxury-perfusion syndro
mes. Areas displaying luxury-perfusion (n.ore often relative than absolute in terms 
of 1CBF) were seen in 7/11 "early studies" and in 20/23 "late" studies. Each of the 
7 "early" misery-perfusion areas restud-led jere seen to progress to luxury-perfusion 
at the 2nd week after onset (Fig. 1 and 2). The absolute and relative 1CBF, 10EF and 
ICMRO2 values according to the misery-perfusion, matched, or luxury-perfusion subgroups 
can be seen on Fig. 1 and 2, and their means are shown on Table 2. Highly significant 
differences between groups were found for mean 1CBF and 10EF, but not for ICMRO2. 
Thus, 1CBF increased steadily from misery-perfusion to matched to luxury-perfusion 
subgroups (while 10EF decreased in a mirror fashion) with a value of 14.3 ml/100 g/min 
(49 Z) matching the local metabolic demand. 

Table 2 - Mean 1CBF, 10EF and ICMRO2 in the three subgroups and on the contrala
teral side 
+ Misery-perfusion vs matched - * Misery-perfusion vs luxury-perfusion -
x Matched vs luxury-perfusion - + p < 0.05 - +•+ p < 0.01 - +++ p < 0.001 

PATTERN N CBF 
ABSOLUTE 

ml/100R/min PERCENT 
OEF 

ABSOLUTE PERCENT 
CMRO2 

•flfHSSiJ P E R C E N T 

MISERY-PERFUSION 
MATCHED 
LUXURY-PERFUSION 
CONTROL SIDE 

15 
8 
66 
89 

7.715.2++ 
14.3+3.9xxx 
22.619.2*** 
27.8+9.0 

34+17+ 
49+15xxx 
81+25*** 

100 

0.7210.14+++ 
0.51+O.08xxx 
0.34±0.12*** 
0.5210.12 

135120+++ 
10014xxx 
64+15*** 
100 

1.01-0.55 
1.3010.51 
1.44ÎO.67* 
2.76+0.86 

45122 
48H4 
50Î16 

100 

Comments 
This detailed study provides estimates of ICMRO2 and i:s relationship with 1CBF 

within the area spontaneously evolving to ischemic necrosis in man. 
Several potential limitations to the present study deserve mention. The topogra

phical assessment of the irreversibly infarcted area was relatively gross ; although 
care was taken not to include the borders of infarction, ultimately preserved tissue 
may have been present in the ROI chosen as a result of the partial volume effect and 
the irregular, patchy infarction in some patients. Motion artifacts, irregular respi
rations, and inherent sensitivity of the C^02 model at high flows may have affected 
the measurement accuracy. In addition, the 15o model tends to underestimate CBF and 
overestimate OEF in normal situations^, but alterations in local water content (e.g. 
edema) and blood volume likely to occur in stroke may have introduced an added uncer
tainty. Capillary dilatation, be it in low or high flow situations, is particularly 
apt to induce further overestimation of OEF, perhaps an explanation to some relatively 
high 1CMR02 values found here. Hovever, this factor alone could not explain most of 
tie exceedingly high 10EF values in this study, i.e. the observation of misery-
perfusion is not artifactual. Although real, the above limitations do not appear 
serious enough to question the overall validity of the present findings. 

The most striking feature is the inconsistency of both 1CBF and 10EF in "early" 
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Fij-,. 1 : Absolute values of 1CDF, 10EF and 1CMKÛ2 plotted against time. 
Each point represents a single area in one patient (sec text). 
The linos join data obtnincd from the same area at two separate 
occasions (10 patients studied twice). Squares, triangles and 
dots represent areas with misory-pcrfunion, niatrhed CIJF-CMUO2, 
nnd luxury-perfusion, respectively. The open dot on the left hand 
side of cnch graph represents the mcnn nnd standard deviation of 
the contralateral homologous areas. 
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"Measurement of local blood flow and oxygen consumption in evolving irreversible 
cerebral infarction : an in vivo study in man" 

Chez 25 malades souffrant d'accident ischémique cérébral constitué dans le 
territoire de l'artère carotide interne, nous avons mesuré le débit sanguin 
cérébral local (DSCl) et la consommation d'oxygène cérébrale locale (CMRO2I) 
par la méthode d'inhalation continue de gaz marqué à l'oxygène 15 couplée à la 
tomographic par émission de positons. Ces deux paramètres locaux ainsi que leur 
rapport, le taux d'extraction d'oxygène local (EO2D ont été étudiés au sein de 
la zone cérébrale évoluant spontanément vers la nécrose ischémique, zone définie 
au moyen d'examens tomodensitométriques répétés. 
Les faits essentiels observés sont la variabilité du DSCl et du EO2I pouvant varier 
de valeurs extrêmement basses à des valeurs extrêmement hautes, alors que le CMRO2I 
est constamment effondré. Ainsi seul ce dernier paramètre serait un bon index pro
nostique. I l apparaît qu'une diminution du CMRO2I à un niveau inférieur à environ 
70 % de la valeur controlatérale indique que la nécrose est spontanément irrémédiable. 
Ces résultats sont discutés à la lumière des données de la l i ttérature. 

Soumis à : "xie conférence Internationale de Salzbourg sur les maladies vasculaires 
cérébrales" du 22 au 25 sept. 1982 Salzbourg (Autriche). 


