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ABSTRACT: Background: The present study was designed to find the differences in regional cerebral 
blood flow and cerebrovascular acetazolamide reactivity between leuko-araiosis with and without lacunar 
infarction. Methods: Fifteen cases of leuko-araiosis with lacunar infarction, 15 cases of leuko-araiosis 
without lacunar infarction and 15 age-matched controls in which leuko-araiosis and cerebrovascular dis­
eases are absent (control group) were studied. The regional cerebral blood flow was measured using the 
stable xenon computed tomography method before and 20 minutes after intravenous injection of 17 
mg/kg acetazolamide. Results: The blood flows in the leuko-araiosis area and the lacunar area were sig­
nificantly lower than the blood flow in the cerebral white matter. The blood flows in the cerebral cortex 
and the cerebral white matter were significantly lower in the leuko-araiosis with lacunar infarction group 
than in the leuko-araiosis without lacunar infarction group and the control group. The cerebrovascular 
acetazolamide reactivity in the leuko-araiosis area and the lacunar area was significantly lower than that in 
the cerebral white matter. The cerebrovascular acetazolamide reactivity in the cerebral cortex and the 
cerebral white matter was significantly lower in the leuko-araiosis with lacunar infarction group than in 
the leuko-araiosis without lacunar infarction group and the control group. Conclusions: The degree of 
arteriolosclerosis is considered to be more severe and the rate of association of hypertension was higher in 
leuko-araiosis with lacunar infarction than in leuko-araiosis without lacunar infarction. 

RESUME: Difference dans le debit sanguin dans la leucoaraiose avec et sans infarcissement lacunaire. Introduc­
tion: Cette etude a 6t6 concue dans le but de mettre en evidence les differences dans le d6bit sanguin c6r6bral regional et 
dans la reactivity a Pacetazolamide dans la leucoaraiose avec et sans infarcissement lacunaire. Methodes: Nous avons 
etudi6 15 cas de leucoaraiose avec infarcissement lacunaire, 15 cas de leucoaraiose sans infarcissement lacunaire et 15 
cas controles apparî s pour l'age qui ne pr&entaient pas de leucoaraiose ou de maladie vasculaire c£r£brale (groupe con­
trole). Nous avons mesure le dfibit sanguin cerebral regional au moyen de la tomodensitom t̂rie au xerion stable avant 
injection intraveineuse de 17 mg/kg d'acefazolamide et 20 minutes apres. Resultats: Les debits sanguins dans les zones 
de leucoaraiose et d'infarcissement lacunaire etaient signficativement plus faibles que les debits sanguins dans la sub­
stance blanche. Les debits sanguins dans le cortex et dans la substance blanche efaient signficativement plus faibles dans 
le groupe avec leucoaraiose et infarcissement lacunaire que dans le groupe avec leucoaraise sans infarcissement lacunaire 
et dans le groupe controle. La rfactivite vasculaire cenSbrale a 1'acetazolamide dans les zones de leucoaraiose et dans les 
zones lacunaires 6tait significativement plus faible que dans la substance blanche. La nSactivite' vasculaire cerdbrale a 
Pacetazolamide dans le cortex et dans la substance blanche etait significativement plus faible dans le groupe avec leu­
coaraiose avec infarcissement lacunaire que dans le groupe avec leucoaraiose sans infarcissement lacunaire et dans le 
groupe controle. Conclusion: Nous avons observe une arteriolosclerose plus severe et une prevalence plus 61ev6e 
d'hypertension dans la leucoaraiose avec infarcissement lacunaire que dans la leucoaraiose sans infarcissement lacunaire. 
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Leuko-araiosis is a radiological finding and its pathophysiol­
ogy is not uniform.1-2 Leuko-araiosis on computed tomography 
or magnetic resonance imaging is considered to be mainly due 
to demyelination and gliosis3"5 and stenosis or occlusion of deep 
cerebral veins may promote development of leuko-araiosis.6 

Leuko-araiosis is frequently associated with lacunar infarction7 

and the prognosis of lacunar infarction with leuko-araiosis was 
reported to be worse than that of lacunar infarction without 
leuko-araiosis.8 The cerebral blood flow has been reported to be 

decreased in leuko-araiosis9"12 and in silent lacunar infarction13 

but there are no reports on the differences of regional cerebral 
blood flow and the cerebrovascular acetazolamide reactivity 
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between leuko-araiosis with lacunar infarction and leuko-araio­
sis without lacunar infarction. Therefore, we measured regional 
cerebral blood flow before and after intravenous injection of 
acetazolamide in patients with leuko-araiosis. 

SUBJECTS AND METHODS 

Fifteen cases of leuko-araiosis with lacunar infarction, 15 
cases of leuko-araiosis without lacunar infarction and 15 age-
matched controls in which leuko-araiosis and cerebrovascular 
diseases are absent (control group) were studied with their 
informed consent. These patients were prospectively enrolled 
into the study. The patients with leuko-araiosis were admitted to 
our hospital and head computed tomography (CT), head mag­
netic resonance imaging (MRI), echocardiography and blood 
viscosity were studied on the patients. Subcortical cystic infarc­
tions with a diameter of less than 1.5 cm were diagnosed as 
lacunar infarction.14 The patients with hydrocephalus, leukodys­
trophy and lacunar infarction in the acute stage were excluded 
from this study. Medications such as cerebral vasodilators which 
influence cerebral blood flow were discontinued 2 weeks prior 
to the cerebral blood flow examination. Fifteen cases in each 
group were selected by the order of admission date. Table 1 
shows the subjects' characteristics in the 3 groups. 

The degree of white matter lesions was graded using the 
method of Kobari et al.15 and the degree of white matter lesions 
in anterior and posterior regions was graded using the method of 
van Swieten et al.16 

The regional cerebral blood flow was measured using the sta­
ble xenon CT method.1718 The basal ganglia section and the lat­
eral ventricle section parallel to the orbito-meatal line were 
studied. The subjects inhaled room air followed by a mixture of 
30% xenon and 50% oxygen for 3 minutes. Serial scanning was 
performed once before xenon inhalation, three times in the 
washin process and five times in the washout process of 5 min­
utes. The serial scanning program consisted of a total of 18 
scans consisting of 9 serial scans on each section. The xenon 
concentration in the end-tidal expired gas was continuously 
recorded by the thermoconductivity method. We used the xenon 
delivery and analysis system (AZ-7000 model, Anzai Sogyo, 
Tokyo, Japan) and the CT equipment (PreSage, Yokogawa Med­
ical Systems, Tokyo, Japan). 

Regional cerebral blood flows were measured in the leuko-
araiosis area, in the lacunar infarction area, and in the cerebral 

cortex and cerebral white matter where the influence of the 
leuko-araiosis and the lacunar infarction was considered to be 
little. Round region of interest (ROI) with a diameter of 7 mm 
was used and the ROI was placed in the center of each leuko-
araiosis area in bilateral anterior and posterior regions. The 
leuko-araiosis area blood flow was calculated as the average of 
the blood flows in the 4 leuko-araiosis areas. Out of 15 cases of 
leuko-araiosis with lacunar infarction, 6 had lacunar infarction 
in the thalamus, 5 had lacunar infarction in the frontal white 
matter and 4 had multiple lacunar infarctions. The lacunar 
infarction area blood flow was measured placing the ROI in the 
lacunar area. In bilateral frontal lobes, parietal lobes, temporal 
lobes and occipital lobes, the ROI was placed in the area where 
leuko-araiosis and lacunar infarction were not adjacent and 
direct nerve fiber connection with the lacunar infarction area. 
The cerebral cortex blood flow and cerebral white matter blood 
flow were calculated as the average of the blood flows in the 8 
areas. 

Arterial C02 tension was measured before the examination, 
20 minutes after intravenous injection of acetazolamide and 
after the examination. 

Statistical analysis was performed using Mann-Whitney's U 
tests for comparison of the cerebral blood flows and using Fish­
er's exact probability tests for comparison of risk factors among 
the 3 groups. 

RESULTS 

Figure 1 shows head magnetic resonance imaging and CT 
scan in a case of leuko-araiosis with lacunar infarction. Figure 2 
shows head magnetic resonance imaging and CT scan in a case 
of leuko-araiosis without lacunar infarction. The degree of 
leuko-araiosis did not show any significant difference between 
the leuko-araiosis with lacunar infarction group and the leuko-
araiosis without lacunar infarction group (Table 2). The rate of 
association of hypertension was significantly higher in the 
leuko-araiosis with lacunar infarction group than in the leuko-
araiosis without lacunar infarction group and the control group 
(Table 1). 

Figure 3 shows the actual record of xenon CT before and 
after intravenous injection of acetazolamide. Table 2 shows the 
mean and standard deviation of the regional cerebral blood 
flows. The blood flows in the leuko-araiosis area and the lacunar 
area were significantly lower than the blood flow in the cerebral 

Table 1: Subjects' Characteristics in 3 Groups. 

Number of subjects 
Age (years)* 
Male:female 
Hypertension 
Diabetes mellitus 
Hyperlipidemia 
mini-mental state examination 

Leuko-araiosis with 
Lacunar Infarction Group 

15 
67.7 ± 8.3 

7:8 
12/15t 
3/15 
5/15 

score* 22 ± 5# 

Leuko-araiosis without 
Lacunar Infarction Group 

15 
68.2 ± 8.5 

8:7 
3/15 
2/15 
6/15 

26 ±5 

Age-matched Controls 
(Control Group) 

15 
67.9 ± 8.6 

8:7 
4/15 
2/15 
4/15 

30 ±0 

*mean ± standard deviation. 
t P < .01 compared with the other two groups. 
# P < .01 compared with the control group. 
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Figure 1: Head magnetic resonance imaging and CT scan in a case of 
leuko-araiosis with lacunar infarction. 

white matter. The blood flows in the cerebral cortex and the 
cerebral white matter where the influence of the leuko-araiosis 
and the lacunar infarction was considered to be little were sig­
nificantly lower in the leuko-araiosis with lacunar infarction 
group than in the leuko-araiosis without lacunar infarction group 
and the control group. The cerebrovascular acetazolamide 
reactivity in the leuko-araiosis area and the lacunar area was sig­
nificantly lower than that in the cerebral white matter. The cere­
brovascular acetazolamide reactivity in the cerebral cortex and 
the cerebral white matter where the influence of the leuko-araio­
sis and the lacunar infarction was considered to be little was sig­
nificantly lower in the leuko-araiosis with lacunar infarction 
group than in the leuko-araiosis without lacunar infarction group 
and the control group (Table 3). 

Arterial C02 tension did not show any significant difference 
between before and after the examination and between before 
and 20 minutes after the intravenous injection of acetazolamide. 

DISCUSSION 

Leuko-araiosis has many causes,2 but the common causes are 
considered to be arteriolosclerosis7'"19 and normal aging.1020 

Cerebral blood flow has been reported to be decreased in leuko-
araiosis;13'15-21 however, leuko-araiosis is frequently associated 
with lacunar infarction and mean regional cerebral blood flow 

Figure 2: Head magnetic resonance imaging and CT scan in a case of 
leuko-araiosis without lacunar infarction. 

has been reported to be decreased in lacunar infarction.13 

Because the decreased cerebral blood flow in leuko-araiosis 
may be related to lacunar infarction, we compared the cerebral 
blood flow between the leuko-araiosis with lacunar infarction 
group and the leuko-araiosis without lacunar infarction group. 

Acetazolamide is considered to dilate the cerebral arterioles 
by inhibiting the carbonic anhydrase in the red blood cells and 
increasing C02 in the arterioles.22 Acetazolamide has been used 
for examining cerebrovascular dilatory reserve capacity.23 

Yamamoto et al.24 reported that cerebrovascular C02 reactivity 
was mildly decreased in arteriosclerosis due to normal aging, 
moderately decreased in normal persons with risk factors of 
cerebral arteriosclerosis, and markedly decreased in cerebrovas­
cular diseases and that C02 inhalation is a useful screening 
examination in cerebral arteriosclerosis. Acetazolamide has a 
cerebrovascular dilating effect similar to C02

25 and decreased 
acetazolamide reactivity is considered to suggest arteriosclero­
sis. 

In the present study, cerebrovascular acetazolamide reactivity 
was decreased in the leuko-araiosis area. This suggests that 
cerebrovascular dilatory reserve capacity is decreased in the 
leuko-araiosis area. The blood flow and acetazolamide reactivity 
in the cerebral cortex were significantly lower in the leuko-
araiosis with lacunar infarction group than in the leuko-araiosis 
without lacunar infarction group in the present study. This 
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Table 2: Grades of White Matter Lesions in 3 Groups (mean ± standard deviation). 

Leuko-araiosis with Leuko-araiosis without Control Group 
Lacunar Infarction Group Lacunar Infarction Group 

Grades according to Kobari et al.16 

Periventricular high-intensity signals on T2-weighted MRI 2.8 ± 0.8 
Remote high-intensity signals in subcortical white matter on 

T2-weighted MRI that are unrelated to neurologic deficits 2.0 ± 0.7 
Periventricular hypodense areas on CT 1.8 ± 0.8 
Cerebral atrophy on both MRI and CT 1.3 ± 0.5 

Grades according to van Swieten et al.17 

Anterior region on CT 1.5 ± 0.5 
Posterior region on CT 1.3 ± 0.5 
Both regions together on CT 2.8 ± 0.9 
Anterior region on MRI 1.7 ±0.5 
Posterior region on MRI 1.7 ± 0.5 
Both regions together on MRI 3.4 ± 0.9 

2.9 ±0.8 

2.1 ±0.6 
1.9 ±0.8 
1.4 ±0.5 

1.5 ±0.5 
1.4 ±0.5 
2.9 ±1.0 
1.8 ± 0.4 
1.7 ±0.5 
3.5 ±0.8 

0.3 ±0.5 ' 

0.1 
0.0 
0.1 

0.0 
0.0 
0.0 
0.3 
0.2 
0.5 

±0.4° 
±0.0" 
±03 = 

±0.0" 
±0.0a 

±0.0° 
±0.5" 
±0.4" 
±0.8a 

"P < .01 compared with the other two groups. 
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Figure 3: Actual record of xenon computed tomography before and after intravenous injection of acetazolamide. A: leuko-araiosis with lacunar infarction, 
B: leuko-araiosis without lacunar infarction, C: control. Before the intravenous injection of acetazolamide, the cerebral blood flow is lower in A than in B 
and C. After the intravenous injection of acetazolamide, the increase rate in cerebral blood flow is less in A than in B and C. 
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Table 3: The Blood Flow (ml/IOOg/min) Before the Intravenous Injection of Acetazolaniide and the Increase Rate (%) in Blood 
Flow by the Intravenous Injection of Acetazolamide (mean ± standard deviation). 

Leuko-araiosis with Leuko-araiosis without Control Group 
Lacunar Infarction Group Lacunar Infarction Group 

Before the intravenous injection of acetazolamide 
Cerebral cortex blood flow 
Cerebral white matter blood flow 
Leuko-araiosis area blood flow 
Lacunar infarction area blood flow 

After the intravenous injection of acetazolamide 
Increase rate in cerebral cortex blood flow 
Increase rate in cerebral white matter blood flow 
Increase rate in leuko-araiosis area blood flow 
Increase rate in lacunar infarction area blood flow 

"P < .01 compared with the other two groups. 
bP < .01 compared with the cerebral white matter. 

42.6 ± 6.5a 

20.1 ±4.2a 

15.7 ±2.7" 
12.4 ± 3.6 b 

35.7 ± 6.3" 
37.8 ± 6.9a 

26.2 ± 5.6 b 

24.7 ± 5.5 b 

50.7 ± 7.5 
27.8 ±4.1 
17.2 ± 2.6 b 

61.6 ±8.5 
52.9 ± 8.2 

34.5 ±6.9" 

57.4 ±7.3 
28.6 ±4.3 

55.4 ±8.1 
45.6 ±7.8 
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suggests that the degree of arteriolosclerosis may be more 
severe in leuko-araiosis with lacunar infarction than in leuko-
araiosis without lacunar infarction. The leuko-araiosis may be 
divided into leuko-araiosis with lacunar infarction, in which 
arteriolosclerosis719 is the commonest cause, and leuko-araiosis 
without lacunar infarction, in which axonal degeneration associ­
ated with normal aging26 is the commonest cause. 

The rate of association of hypertension was higher in the leuko-
araiosis with lacunar infarction group than in the leuko-araiosis 
without lacunar infarction group and the mini-mental state exami­
nation score27 was worse in the leuko-araiosis with lacunar infarc­
tion group than in the control group in the present study. This 
suggests that the pathophysiology is different between leuko-araio­
sis with lacunar infarction and leuko-araiosis without lacunar 
infarction. Because the sample size is small in the present study, 
we hope that a study with a large sample size will be performed. 
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