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Progression of atrophy of the corpus callosum
with deterioration of cerebral cortical oxygen

metabolism after carotid artery occlusion: a follow
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Abstract
In cerebrovascular disease, progression
of brain atrophy may reflect an increase
in ischaemic changes. The purpose of
this study was to determine whether atro-
phy of the corpus callosum progresses in
association with a deterioration in cere-
bral cortical oxygen metabolism after
occlusion of the carotid artery. Magnetic
resonance imaging and PET were used to
serially evaluate six patients with occlu-
sion of the unilateral internal carotid
artery at intervals ranging from 12 to 50
months. One patient had no symptoms,
one had a transient ischaemic attack, and
four had a minor stroke. All patients had
presented at most only subcortical lesions
at the first evaluation. During follow up,
no patient showed extension of subcorti-
cal lesions or recurrent stroke. The initial
total callosal area:skull area ratio for the
patients was significantly less than that
for 14 age matched normal control sub-
jects. The yearly decrease of callosal size
in the patients, which differed signifi-
cantly from zero and exceeded that in the
controls, was significantly correlated
with the deterioration in mean cerebral
cortical oxygen metabolism. Three of the
four patients who showed significant pro-
gression of callosal atrophy presented
deterioration in haemodynamic states as
well. It is concluded that in some patients
atrophy of the corpus callosum pro-
gresses after occlusion of the carotid
artery even in the absence of any overt
episode of stroke, and that this atrophy is
associated with deterioration in cerebral
cortical oxygen metabolism. An increase
in cerebral morphological changes with
deterioration in cerebral metabolism
related to ischaemia may occur after
occlusion of the carotid artery, even in
the absence of symptoms.

(7 Neurol Neurosurg Psychiatry 1995;59:420-426)
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Previous investigations have shown the nat-
ural history of occlusion of the internal carotid

artery in relation to the risk of death and
stroke.' The types of ischaemic changes that
occur and the course of the process of changes
in brain metabolism after internal carotid
artery occlusion remain unclear. To our
knowledge, no serial study of the relation
between the morphological and metabolic
changes after internal carotid artery occlusion
has been conducted with both MRI and PET.

After internal carotid artery occlusion, low
perfusion or microembolism can produce
cerebral ischaemic changes.2 3 Although most
of these events are clinically apparent or are
detectable as infarction on CT or MRI, some
of them may produce only subtle subjective
symptoms and may be detected only as emer-
gence of brain atrophy with metabolic depres-
sion. Computed tomography studies in
internal carotid artery occlusive disease have
disclosed only hemiatrophy in some patients.45
Also, a recent cross sectional study with MRI
and PET showed that atrophy of the corpus
callosum occurs in association with decreased
cerebral cortical oxygen metabolism in inter-
nal carotid artery occlusive disease without
apparent infarction on CT.6 The largest frac-
tion of neurons projecting into the corpus cal-
losum are the large pyramidal cells in layer 3,7
which is one of the groups of cortical neurons
most vulnerable to ischaemia.8 Therefore, cal-
losal atrophy may result from cortical
ischaemic changes that are not detectable as
infarction by CT, and its progression after
internal carotid artery occlusion may reflect
the occurrence of new ischaemic changes with
deterioration in cerebral cortical metabolism.
Our purpose in this study was to find

whether atrophy of the corpus callosum pro-
gresses after internal carotid artery occlusion
and, if so, whether this atrophy is associated
with a deterioration in cerebral cortical oxy-
gen metabolism. We serially studied six
patients with internal carotid artery occlusion
by MRI and PET, and quantitatively evalu-
ated the relation between the changes in cal-
losal size and those in cortical oxygen
metabolism.

Methods
SUBJECTS
Six right handed patients (three men and
three women) with unilateral internal carotid
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artery occlusion, aged 57-73 (mean (SD) 62
(6)) years, were studied by MRI and PET at
the first evaluation. They were consecutive
patients whom we could follow up for more

than one year and who underwent second
MRI and PET evaluation between 1993 and
1994. All patients were followed up with
medical treatment including antiplatelet treat-
ment. The interval between the studies
ranged from 12 to 50 (mean (SD) 25 (13))
months. The internal carotid artery occlusion
was diagnosed by conventional angiography.
One patient had no symptoms, one had a

transient ischaemic attack, and four had
minor strokes at the time of the first evalua-
tion. All symptoms were related to the
affected carotid distribution. In the asympto-
matic patient, internal carotid artery occlusion
was suspected because of the finding of flow
void loss at MRI examination performed
because of hoarseness. In all of the other
patients, punctate or patchy high intensity
areas were found in the affected cerebral
white matter on T2 weighted MRI. A lesser
degree of abnormality was found on the non-

affected side in three patients. Most of these
abnormalities were undetectable on Ti
weighted MRI, which showed at most only
minor subcortical abnormalities in the
affected middle cerebral artery territory.
During follow up, no patient had new symp-

toms. Table 1 shows the clinical and neuro-

radiological data in each patient.
In all patients, the first MRI studies were

performed at least two months after the latest
ischaemic event. The PET studies were con-

ducted within one week before or after the
MRI studies at both the initial and follow up

studies. All patients were in stable condition
at the time of the second studies. All subjects
gave informed consent to undergo the MRI
and PET studies.
We also studied 14 right handed control

subjects (eight men and six women) (mean
(SD) age at first evaluation 58 (6) years) twice
with MRI. The interval between the studies
ranged from 12 to 43 months (mean (SD) 17
(9) months). They were normal subjects who
underwent a routine neurological examination
including MRI for the screening of asympto-
matic brain disease. None of these subjects
showed any cerebral symptoms, abnormal

neurological findings, or specific neurological
diseases. In all of the control subjects, punc-
tate high intensity areas of various degrees
were noted in the bilateral subcortical white
matter on T2 weighted MRI images without
corresponding abnormality on Ti weighted
images. Seven of them had hypertension, and
three others had diabetes mellitus.

MAGNETIC RESONANCE IMAGING
The MRI was performed with a Signa unit
(General Electric, Milwaukee, MI, USA)
operating at a field strength of 1-5 Tesla. The
Ti weighted sagittal images were taken with a

spin echo pulse sequence (repetition time:
400 ms; echo time: 20 ms). Axial T2
weighted images were also taken with spin
echo pulse sequences (repetition time: 3000
ms; echo time: 80 ms). The slice thickness
was 3 mm for both types of images. Sections
were acquired contiguously in the sagittal
plane and at an intersection gap of 1-5 mm in
the axial plane.

In the measurement of the extent of
atrophy of the corpus callosum, midsagittal
images were quantitatively analysed with a

computer assisted image analyser (FDM98-1;
Photron, Tokyo, Japan) and a personal com-

puter (PC-9801; Nihon Electric, Tokyo,
Japan), as previously described.69 The soft-
ware for image analysis was programmed by a

member of our research team. Each MRI was

recorded with a video camera and digitised by
the image analyser with a 256 x 256 data
matrix and a 64 step grey scale. The number
of pixels with signal intensities corresponding
to the predetermined level set for the region of
interest was then counted. The total area of
the corpus callosum was measured, and the
absolute values were calculated from a refer-
ence scale of MRIs. People with a small skull
size may have a small corpus callosum.10 Thus
we measured the area of the midline internal
skull surface (along the inner table, foramen
magnum, clivus, sellar diaphragm, and jugum
sphenoidale) on the same midsagittal images,
and calculated the total callosal area:skull area

ratio to control for variation in skull size.'0
Although to this end a callosal volume:skull
volume ratio is preferable, we chose the area

ratio as the measurements are easier. All mea-
surements were performed by one investigator

Table 1 Clinical and radiographic data for the six patients with occlusion of the internal carotid artery

Interval Infarct site and size
between (mm x mm) Neurological outcome

Patient Nol scans Clinicalfeatures at the Angiography on Ti weighted MRI at the second scan
agelsex (months) Complications first scan * (collateral) at the first scan (residual signs)

1 / 59 / F 15 MI No symptom R ICA occlusion None No change (none)
(A com)

2 / 59 /M 24 HT Transient (L) visual disturbance L ICA occlusion L frontal subcortex No change (none)
DM (5 months) (leptomeningeal) (7 x 10)

3 / 67 /M 12 None Minor (R) hemisphere stroke R ICA occlusion R corona radiata Good recovery
(5 months) (A com) (8 x 20) (slight dysarthria)

4/73 /M 22 None Minor (R) hemisphere stroke R ICA occlusion R corona radiata Good recovery
(5 months) (A com) (5 x 10) (L upper limb drift)

5 / 58 / F 29 DM Minor (R) hemisphere stroke R ICA occlusion R frontal subcortex Poor recovery
(12 months) (leptomeningeal) (10 x 5) (mild L hemiparesis)

6 / 57 / F 50 HT Minor (L) hemisphere stroke L ICA occlusion L centrum semiovale Poor recovery
DM (6 months) (A com) (5 x 8) (mild R hemiparesis)

*The times in parentheses indicate the interval between the onset of each symptom and the initial scan.
MI = Myocardial infarction; HT = hypertension; DM = diabetes mellitus; L = left; R = right; ICA = internal carotid artery; A com = anterior communicating
artery.
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who was blinded to the clinical state of the
patients. Before this study, the reliability of
our procedure within each observer was evalu-
ated in 20 subjects, with and without neuro-
logical diseases. There was high reliability in
the measurement of the callosal area and the
midline internal skull surface area within each
observer (r = 0 99, P < 0 0001 and 0-975,
P < 0 0001 respectively).
The total change of the corpus callosum

area:skull area ratio was calculated by sub-
tracting the ratio obtained at the second scan
from that obtained at the first scan, and the
yearly change was also calculated by dividing
the value by the time interval between scans
for comparison between subjects although the
corpus callosum area:skull area ratio may not
decrease linearly:

area ratio (second) - area ratio (first)
time interval between scans (year)

POSITRON EMISSION TOMOGRAPHY
All patients and seven additional normal vol-
unteers (four men and three women; mean
(SD) age 51 (16) years) were scanned with a
PCT-3600W system (Hitachi Medical,
Japan). A detailed description of this PET
scanner has been published previously."' 12
This system acquires 15 slices with a centre to
centre distance of 7 mm and a transaxial reso-
lution of 6-5 mm full width at half maximum
(FWHM) at the centre. The slice thickness at
the centre is 6-9 mm FWHM and 5 9 mm
FWHM for in plane and cross plane slices
respectively. As part of the scanning proce-
dure but before the PET study, germanium-
68-gallium-68 transmission scanning was
performed for 20 minutes for attenuation cor-
rection. The cerebral blood flow (CBF) was
measured while the subject continuously
inhaled 300 MBq of COI5O a minute through
a mask, and the measurement of the cerebral
metabolic rate of oxygen (CMRo2) and oxy-
gen extraction fraction (oEF) was performed
during continuous inhalation of 500 MBq of
O"1O a minute. Data were collected for five
minutes. A single breath of 1 00-1 -20 GBq of
C'5O was used to measure cerebral blood vol-
ume (CBV). We calculated CBF, CMRo2,
and oEF based on the steady state method.13
The CMRo2 and oEF were corrected by the
CBV.14 Functional images were reconstructed
as 128 x 128 pixels, with each pixel represent-
ing an area of 2-0 x 2-0 mm. The ratio of CBF
to CBV was calculated pixel by pixel as an

Table 2 Physiological data obtained in the patients and
controls at the first and second evaluations

Patients

Variable First study Second study Controls

Packed cell volume
(%) 39-8 (3-7) 39-2 (2-3) 39-2 (5*1)

Haemoglobin (g/dl) 13-5 (1-2) 13-3 (0-9) 13-2 (1-7)
Paco2 (mm Hg) 39 5 (5-6) 40 9 (4-7) 40 3 (2-9)
Pao, (mm Hg) 84-0 (6 5) 85-2 (9-8) 94.7 (10-0)
Cao2 (ml/dl) 18-0 (1-7) 17-7 (1-2) 18-1 (2 3)
MABP (mm Hg) 113-5 (14-0) 128-8 (19-0) 101-9 (8 7)

Values are mean (SD). Cao2 = total oxygen content of arterial
blood; MABP = mean arterial blood pressure.

indicator of cerebral perfusion reserve.'5 Table
2 shows the mean physiological data for the
patients and controls acquired during the
PET study.

In this study, the patients were scanned
through tomographic planes parallel to the
orbitomeatal line. Each patient's head was
positioned by means of a light grid projected
on to the forehead, the lines of which were
aligned to markings made on the skin with a
felt tipped pen. For the follow up studies, care
was taken to ensure to the greatest extent pos-
sible that the patient was scanned through
anatomical planes identical to those in the
first PET study. A method ensuring exact
repositioning of the patient's head, such as
fixation with a customised headholder for
each subject, however, was not used. Also, the
magnitude of test retest variability over
months to years was not studied.
We analysed six tomographic planes 43, 50,

57, 64, 71, and 78 mm above and parallel to
the orbitomeatal line, which corresponded to
the levels from the basal ganglia and thalamus
to the centrum semiovale. The region of inter-
est was placed on the CBF images and the
method for CT PET imaging coregistration
was not used. Each image was examined by
placing 15 to 17 circular regions of interest
12 mm in diameter over the grey matter of the
cortex. According to the atlas prepared by
Kretschmann and Weinrich,'6 the regions of
interest in all six images were included in the
distribution of the anterior cerebral artery,
middle cerebral artery, and posterior cerebral
artery, as well as the watershed areas between
the anterior and middle cerebral arteries
(anterior watershed) and the middle and pos-
terior cerebral arteries (posterior watershed).
The mean hemispheric and cerebral values
were calculated as the average of the middle
cerebral artery, anterior watershed, and poste-
rior watershed region of interest, and each was
weighted by region size.17
The total changes of the PET variables

were calculated by subtracting the values
obtained at the second scanning from those
obtained at the first scanning, and the yearly
change of the mean cerebral cortical oxygen
metabolism was calculated by dividing the
total change of CMRo2 value by the time
interval between scans:

Yearly change =CMRo2 value (second) - CMRo2 value (first)
mterscan time interval (year)

STATISTICAL ANALYSIS
We compared the total callosal area:skull area
ratios of the patients with those of the controls
with the Mann-Whitney U test. Statistical sig-
nificance was accepted at P < 0 05.
The CBF, CMRo,, oEF, CBV, and

CBF:CBV values in each hemisphere
obtained at the first and second PET studies
in the patients were compared with those
obtained in the seven normal volunteers with
the Mann-Whitney U test when the Kruskal-
Wallis one way analysis of variance showed
main group effects. Significance in the Mann-
Whitney U test was accepted at a P value of
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less than 0-0125 with Bonferroni's correction
for multiple comparisons. We also compared
the values obtained at the first and second
evaluations with the paired Wilcoxon signed
rank test; P < 0-05 was considered to indicate
a significant difference.
We analysed the relation of the yearly

change of the corpus callosum area:skull area
ratio in the patients to that of mean cerebral
CMRo, values and to the total changes in
CBF, oEF, and CBF:CBV ratio using

Table 3 Initial callosal area:skull area ratio andyearly
change in callosal area:skull area ratio in patients and
controls

Yearly change in
Initial calosal area: calosal area:
skull area ratio skull area ratio

Patients 32-6 (10-2) x 10-3* -1-73 (1-54) x 10-3*
Controls 41-7 (4-5) x 10-3 -0-24 (0-22) x 10-3

*P < 0 05 v controls (Mann-Whimey U test). Values are
means (SD).

Figure 1 Example of
progression of atrophy of
corpus callosum. Tl
weighted sagittal images
(TR 400 ms/TE 20 ms)
obtained at the first study
(top) and 50 months later
(bottom) in patient 6.
About 20% reduction in
callosal size was noted.
The yearly change in
callosal area:skull area
ratio was - 2-0 x 10-3/y.

Table 4 Values of regional CBF, CMRo2, oEF, CBV, and the CBF:CBVratio in the
cerebral hemispheres ipsilateral and contralateral to the internal carotid artery occlusion

Patients

Variable Hemisphere First study Second study Controls

CBF Occluded 36-5 (10-3) 30-6 (7 5)** 41-0 (4-3)
(m/1I00 g/min) Patent 42-9 (9-5) 37-6 (5-8)
CMRo, Occluded 2-94 (0-48) 2-55 (0-45)# 3 18 (0 56)
(ml g/min) Patent 3-14 (0 54) 2-85 (0 20)
oEF Occluded 46-6 (5 5) 48-3 (6.2)* 40 9 (4 0)
(%) Patent 42-1 (3 5) 43-8 (4-6)
CBV Occluded 4 39 (0 87)* 3-72 (0-47)# 3-32 (0-41)
(ml/100 g) Patent 3-83 (0-85) 3-37 (0 71)#
CBF:CBV Occluded 8-6 (2.8)* 8-3 (1 9)** 12-6 (2-1)
(/min) Patent 11-9 (3-2) 11-5 (1-6)

*P < 0-01; **P < 0 005 v controls (Mann-Whitney U test); #P < 0-05 v the first study (paired
Wilcoxon signed rank test).
Values are means (SD); CBF = cerebral blood flow; CMRo, = cerebral metabolic rate of
oxygen; oEF = oxygen extraction fraction; CBV = cerebral blood volume.

Spearman's correlation analysis; significance
was accepted at P < 005.

Results
No patient showed extension of subcortical
white matter lesions during the follow up
period. Two patients (5 and 6) developed
apparent cortical atrophy in the superior pari-
etal cortex ipsilateral to the internal carotid
artery occlusion.
The initial total callosal area:skull area ratio

for the patients was significantly decreased
compared with that in controls (table 3).
Although the yearly decrease of the ratio was
significantly greater than zero in both patients
and controls (paired Wilcoxon signed rank
test), the decrease in the patients exceeded
that in controls (table 3). Significant progres-
sion of callosal atrophy, defined as a value less
than -0x72 x 10-3/year (the lower 95% confi-
dence limit for the controls), was found in
four of the six patients (fig 1).

In the hemisphere ipsilateral to internal
carotid artery occlusion the patients had sig-
nificantly increased CBV at the first evalua-
tion together with significantly decreased
CBF:CBV compared with the controls (table
4). The CMRo0 and CBV at the second study
were significantly decreased compared with
those at the first study. The CBF and
CBF:CBV showed slight decreases with a
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table 1.
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Figure 3 Relation
between the yearly change
in callosal area:skull area
ratio and that in mean
cerebral cortical oxygen
metabolic value in the
patients. Numbers
correspond to the patient
numbers in table 1.

Figure 4 Relation of the
yearly change in callosal
area:skull area ratio to the
total change in mean
cerebral cortical bloodflow
(A), in oxygen extraction
fraction (B), and in
cerebral bloodflow:cerebral
blood volume (CBF:CBV)
ratio (C) in the patients.
The thin vertical line
shows the lower 95%
confidence limitfor the
controls.
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slight oEF increase at the second study, but
these changes were not significant. The CBF,
oEF, and CBF:CBV at the second evaluation
were significantly different from those in con-
trols. In the hemisphere contralateral to the
internal carotid artery occlusion, none of the
values was significantly different from that in
the controls, but the CBV on the contralateral
side showed a significant decrease at the sec-
ond evaluation.
The changes in callosal size and haemody-

namic and metabolic variables differed among
patients but were mutually correlated. The
degree of decrease in the corpus callosum
area:skull area ratio was significantly corre-
lated with the degree of deterioration in the
mean metabolic value of cerebral cortical oxy-
gen (figs 2 and 3). The progression of atrophy
of the corpus callosum was related to the
deterioration of the patients' haemodynamic
state; in three of the four patients who showed
significant progression of callosal atrophy, the
CBF and CBF:CBV ratio were decreased and
the oEF was increased at the second evalua-
tion (fig 4). The progression of callosal
atrophy was not related to the initial haemo-
dynamic abnormality or the presence of
hypertension or diabetes mellitus.

Discussion
This study showed that atrophy of the corpus
callosum progresses after internal carotid
artery occlusion without overt episode of
stroke in some patients and that this atrophy
is associated with a deterioration in cerebral
cortical oxygen metabolism. Serial MRI mea-
surements of callosal area showed significantly
more severe decrease in the patients than in
age matched normal controls. The degree of
callosal atrophy in the patients varied but was
correlated with the degree of decline in mean
cerebral cortical oxygen metabolism. Also,
callosal atrophy was related to the deteriora-
tion in cortical haemodynamic state, specifi-
cally, a decrease in CBF and CBF:CBV ratio
with an increase in oEF. Thus, progression of
callosal atrophy may reflect an increase in
cerebral morphological changes related to
ischaemia and a deterioration in cerebral corti-
cal metabolism after internal carotid artery
occlusion.

Cross sectional studies of normal aging
have shown that the decrease in callosal size
with age,'0 18 19 and the yearly decrease in cal-
losal area:skull area ratio in men found in one
study was 0-27 x 10-3.'0 This value is compar-
able with the data in our controls. Thus the
yearly decrease in callosal area:skull area ratio
in the patients with internal carotid artery
occlusion far exceeds that in normal aging.
Also, the associated yearly decrease in CMRo2
value (0-14 ml/100 g/min) was also higher
than the reported value attributed to aging
(0-015 ml/100 g/min).'0 These findings indi-
cate that the progression of callosal atrophy in
these patients is a pathological change.
The mechanism of an abnormal progres-

sion of callosal atrophy remains to be eluci-
dated. We speculate that the callosal atrophy
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that we found may have resulted from axonal
degeneration during the follow up period due
to ischaemic cortical lesions21 that were not
detectable as infarctions with MRI,6 because
callosal atrophy was associated with a
decrease in cortical CMRo.2 The CBF value
of 30 ml/100 g/min in our patients, which is
above the threshold of acute neuronal death,
may contradict this hypothesis. Recent evi-
dence suggests that the threshold for the sup-
pression of protein synthesis is near the
normal flow rate, and that the thresholds for
disturbances of energy metabolism, unit activ-
ity, neurotransmitter release, and histological
injury all increase with time during permanent
vascular occlusion.22 Mild but chronic
decrease in CBF with submaximal increase in
oEF may cause prolonged inhibition of pro-
tein synthesis that might result in delayed
neuronal death after internal carotid artery
occlusion. Moreover, transient systemic
haemodynamic disturbance could cause
prompt CBF decrease to a level below the
threshold for acute neuronal death in internal
carotid artery occlusion due to a poor
autoregulatory response.2' Because ischaemic
changes in the region with increased oEF
result in normalisation of the oEF, the finding
of an increase in oEF from the first to the sec-
ond study suggests that chronic deterioration
of haemodynamic disturbance exceeding
reduction in metabolic demand may be
important for the progression of callosal
atrophy.

Neuronal loss in the absence of infarction
has been demonstrated in humans dying after a
severe hypotensive or hypoxic episode.8 In
animal experiments, carotid artery occlusion
and haemorrhagic hypotension are found to
cause only microscopic ischaemic changes in
the cerebral cortex.24 In some patients with
internal carotid artery occlusive disease, CT
studies have disclosed only hemiatrophy,4 5

suggesting cortical ischaemic damage in the
absence of apparent infarction. Mild cortical
lesions result in only a decrease in the breadth
of cortical ribbons. We found apparent
enlargement of focal cortical sulci only in our
two patients with long intervals between
scans. Although the extent of cortical atrophy
can be measured, precise measurement is diffi-
cult and neuronal loss can be underestimated
because of reactive gliosis. Atrophy of the cor-
pus callosum may sensitively reflect the extent
of cortical ischaemic damage because of the
vulnerability of the cortical layer 3. Serial
studies, in which the variation between sub-
jects in the initial callosal size is controlled for,
may allow more precise measurement of
changes related to disease.

Another possible mechanism of callosal
atrophy might be delayed transneuronal
degeneration.25 The ischaemic changes in ini-
tial internal carotid artery occlusion have
resulted in reduced neuronal input to some
areas in the brain that in the long term pro-
gresses to degeneration of the denervated neu-
rons and thereby to a secondary degeneration
of fibres in the corpus callosum as a conse-
quence of the primary cellular loss. One

example of this type of degeneration is
delayed thalamic atrophy after cerebral infarc-
tion in the middle cerebral artery territory.26
But it is not clear how brain metabolism
changes in the process of transneuronal
degeneration.
Some factors other than ischaemic damage

may contribute to callosal atrophy in subjects
with internal carotid artery occlusion. The
corpus callosum could be subject to influ-
ences that are not evident from the results of
metabolic studies-such as, diet, alcohol
intake, or the coexistence of diabetes.
Different structures were used for the mea-
surements of atrophy and of metabolism in
this study. Thus we cannot exclude the pos-
sibility that callosal atrophy and metabolic
decline may be two distinct phenomena lack-
ing any causal relation, although the finding
that primary callosal lesions do not irre-
versibly reduce cortical glucose metabolism27
supports our interpretation.

In patients with internal carotid artery
occlusion, the risk of ischaemic changes may
depend on the severity of haemodynamic
abnormality. Recent studies have shown that
a small subgroup of patients with increased
oEF or highly impaired cerebrovascular reac-
tivity at entry is at increased risk of developing
a stroke during the follow up period.28-"' A
larger subgroup of patients with less severe
haemodynamic abnormality, including those
with abnormal CBV:CBF ratio, did not have
high risk for early stroke.'2 In our patients,
none of whom had severe haemodynamic
abnormality at the first evaluation, the pro-
gression of callosal atrophy with metabolic
decline was related not to an initial haemo-
dynamic abnormality but to a deterioration in
the haemodynamic state. Evaluation of the
changes in cerebral haemodynamics and
metabolism with serial studies is needed to
determine the risk of ischaemic changes in
patients without severe haemodynamic abnor-
mality. Haemodynamics and metabolism may
change with time after internal carotid artery
occlusion.

Little is known about the natural course of
change in cerebral haemodynamics in patients
with internal carotid artery occlusion. A few
serial studies have shown that cerebrovascular
reactivity may change with time.'3 34 Spon-
taneous improvement of initially impaired
cerebrovascular reactivity was reported in
most patients with internal carotid artery
occlusion, suggesting the development of
intracranial collateralisation.'4 The decrease
in CBV with time in our patients suggests
improvement of cerebrovascular reactivity,
because the degree of impaired cerebrovascular
reactivity is known to be correlated with CBV
values.'5 This decrease did not accompany an
improvement of cerebral haemodynamics but
rather a deterioration of cerebral metabolism,
which implies that the decrease in CBV
resulted from a decrease in metabolic demand
rather than from improvement of perfusion
due to the development of collaterals. Thus
the change in cerebrovascular reactivity must
be interpreted with caution in patients with
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progression of metabolic decline or brain
atrophy. The improvement of cerebrovascular
reactivity may not necessarily indicate good
outcome in terms of the cerebral haemo-
dynamics and metabolism in patients with
internal carotid artery occlusion.

In conclusion, atrophy of the corpus callo-
sum progresses after internal carotid artery
occlusion without overt episode of stroke in
some patients, and this atrophy is associated
with deterioration in oxygen metabolism in
the cerebral cortex. An increase in morpho-
logical changes related to ischaemia and dete-
rioration in metabolism may occur after
internal carotid artery occlusion, even in the
absence of symptoms.
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