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Long-term Follow-up of Asymptomatic Patients with
Major Artery Occlusion: Rate of Symptomatic Change

and Evaluation of Cerebral Hemodynamics

Nobuhiko Miyazawa, Kazuhiro Hashizume, Mikito Uchida, and Hideaki Nukui

BACKGROUND AND PURPOSE: The natural history of asymptomatic major cerebral artery
occlusive disease is unclear. Rate of symptomatic change, appearance of new lesions on MR
images, and cerebral hemodynamics were analyzed for patients with asymptomatic major ce-
rebral artery occlusion.

METHODS: This prospective study included asymptomatic patients who had occlusive dis-
ease between 1992 and 1995. MR imaging and MR angiography were used to detect internal
carotid artery (ICA) or middle cerebral artery (MCA) occlusion in 3965 neurologically asymp-
tomatic patients and for follow-up of affected patients for 67 to 105 months (mean, 79 months).
Regional cerebral blood flow and cerebrovascular reserve capacity were examined by xenon-
enhanced CT at rest and after the administration of acetazolamide, respectively.

RESULTS: Eighteen patients had MCA occlusion and 17 had ICA occlusion. During the
follow-up period, five patients became symptomatic (four with MCA occlusion and one with
ICA occlusion), with no significant difference (P 5 .332) in the rate of symptomatic change.
Among these five patients, new infarction occurred on the ipsilateral side in three patients,
contralateral side in one, and bilateral sides in one. New stenotic or occlusive changes occurred
in three patients. The patients were divided into groups: group A, without new lesions on MR
images (n 5 23), and group B, with new lesions (n 5 12). There was no significant difference
in regional cerebral blood flow value between groups A and B in the whole hemisphere, anterior
cerebral artery territory, or MCA territory. There was a significant difference in cerebrovas-
cular reserve capacity between groups A and B between the affected side (P 5 .00051 and P
5 .00068, respectively) and the contralateral side (P 5 .00101 and P 5 .00115, respectively)
for the whole hemisphere and MCA territory, and the difference was more severe on the
affected side in both regions.

CONCLUSION: These pilot data suggest that asymptomatic MCA occlusion has a worse
prognosis than does ICA occlusion. Silent events are common bilaterally. This may be because
of hemodynamic factors or perhaps MCA occlusion is a marker for a more progressive type
of atherosclerosis. A prospective study involving assessment of hemodynamics and baseline
stroke risk factors in patients with MCA occlusion is indicated.

The use of MR angiography and medical screening
for brain diseases has increased the detection of
asymptomatic major cerebral artery (internal carot-
id artery [ICA] and middle cerebral artery [MCA])
diseases in Japan (1–6). However, the indications
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for the treatment of such patients are difficult to
determine. Establishment of the best preventative
therapy requires that the natural history of the dis-
ease first be elucidated. The natural history of
asymptomatic occlusive diseases detected by dif-
ferent imaging techniques has been described (7–
13). Some patients, even with asymptomatic occlu-
sion, show increased oxygen extraction fraction on
positron emission CT scans (14), and such patients
may be a subgroup of patients who are at high risk
for subsequent stroke (15). This study examined the
rate of symptomatic change, appearance of new le-
sions by MR imaging or MR angiography, and re-
gional cerebral blood flow (rCBF) and cerebrovas-
cular reserve capacity (CVR) by xenon-enhanced
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TABLE 1: Patients with symptomatic change

Case
No. Age (y) Sex

Site of
Occlusion

Symptom/
Interval (mo) MR Imaging MR Angiography Xe-CT

1

2

3

4

5

55

65

58

63

70

M

M

M

F

M

Lt-ICA

Rt-MCA

Lt-MCA

Rt-MCA

Rt-MCA

Rt-HSD/24

Lt-HP/25

Lt-HP/24

Rt-HP/37

Lt-HSD/52

Infarction
(Lt side)

Infarction
(Rt side)

Infarction
(Lt side)
(Rt side)

Infarction
(Lt side)

Infarction
(Rt side)

Rt-ICA occl.

Rt-MCA sten.

Lt-PCA sten.

Deterioration of CVR

Deterioration of CVR

Deterioration of CVR

Blt. reduct. of CBF (rest)

Blt. reduct. of CBF (rest)

Note.—M: male, F: female, Lt: left, Rt: right, HSD: hemisensory disturbance, HP: hemiparesis, PCA: Posterior cerebral artery, sten.: stenosis,
occl.: occlusion, Blt: bilateral, reduct.: reduction.

CT (Xe-CT) in patients with asymptomatic ICA
and MCA occlusive disease.

Methods
With this prospective study, we examined asymptomatic pa-

tients with major cerebral artery occlusion. MR angiography
and MR imaging were used to examine 3965 patients with no
neurologic deficit, who were admitted for either screening for
brain diseases or follow-up from 1992 to 1995. All patients
with asymptomatic (no neurologic deficit but dizziness and
headache are included) major cerebral artery occlusion were
included in this study and were followed up until September
1999, for a period of 67 to 105 months (mean, 79 months).
Patients without occlusion revealed by MR angiography were
excluded from this study. None of these patients had a history
of cerebrovascular disease or cardiovascular disorder. Patients
with cerebral infarction or grade III or IV white matter lesions
(16) and leukoaraiosis were excluded from this study. In-
formed consent for MR imaging, MR angiography, Xe-CT, and
digital subtraction angiography was obtained from all patients,
and the investigation was conducted in accordance with the
guidelines of the Declaration of Helsinki.

The MR imaging method was described previously (16).
Briefly, MR imaging, performed with a 1.5-T superconductive
MR system, involved a spin-echo protocol for T1-weighted
(600/15 [TR/TE]) and T2-weighted (3000/80) imaging in the
orbitomeatal plane with 7.5-mm section thickness. The display
matrix was 256 3 256. MR angiograms were obtained with
the 3D time-of-flight method.

Xe-CT used a mixture of 30% xenon in oxygen inhaled for
3 min. During inhalation, a series of 8-s CT scans was obtained
parallel to the orbitomeatal line. Regions of interest (ROI) were
selected in each hemisphere, the anterior cerebral artery terri-
tory, and the MCA territory. An image-processing system was
used to calculate the rCBF with the end-tidal chamber scan
method. The confidential image was examined to detect motion
artifacts, and a 6 3 6 filter was used for smoothing (17). Xe-
CT was performed after the administration of 1000 mg of ac-
etazolamide to measure the CVR. The CVR was calculated
from the rCBF under acetazolamide stress minus the rCBF at
rest. Digital subtraction angiography was performed to confirm
the occlusion shown on MR angiograms.

Statistical comparison of the rate of symptomatic change
between patients with MCA occlusion and those with ICA oc-
clusion was conducted by using the Fisher exact test. Statistical
analysis of rCBF and CVR data was conducted by using Stu-
dent’s t test. P , .05 was considered statistically significant.

Results

Asymptomatic major cerebral artery occlusion
was detected in a total of 35 patients. Eighteen pa-
tients (11 men and seven women; mean age, 61.5
years) had MCA occlusion, and 17 patients (14
men and three women; mean age, 63.4 years) had
ICA occlusion. The occlusion was on the left in 12
patients, on the right in 22 patients, and bilateral in
one patient. MR examination was performed to
screen for brain diseases in 15 patients, dizziness
in nine, chronic headache in six, and hypertension
in five. Twenty patients had histories of hyperten-
sion and six of diabetes mellitus, and 24 patients
had received medication unrelated to antiplatelet
therapy. MR imaging was performed two to seven
times (mean, 3.8 times), and MR angiography was
performed two to eight times (mean, 3.5 times) for
each patient. Digital subtraction angiography was
performed in 22 patients, and the findings were in
concordance with those of MR angiography (10 pa-
tients with ICA occlusion and 12 patients with
MCA occlusion).

During the follow-up period, five patients be-
came symptomatic (Table 1). Four patients had
MCA occlusion, and one had ICA occlusion. There
was no significant difference in the rate of symp-
tomatic change between the patients with MCA oc-
clusion and those with ICA occlusion (P 5 .332,
Fisher’s exact test). The interval from diagnosis to
symptomatic change varied from 24 to 52 months
(mean, 32.4 months).

MR imaging of the five patients who became
symptomatic showed that the new infarction oc-
curred on the ipsilateral side in three patients, the
contralateral side in one, and bilaterally in one. MR
angiography showed that new stenotic or occlusive
changes occurred in three patients. Xe-CT revealed
that three patients had poor response to acetazol-
amide and two had bilateral reduction of rCBF. An-
other seven patients who remained asymptomatic
(five with MCA occlusion and two with ICA oc-
clusion) were shown to have new infarction. Nine
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TABLE 2: Values of rCBF and CVR in two groups

ROI

rCBF (ml/100 g/min)

Group A (n 5 23) Group B (n 5 12)

CVR (mL/100 g/min)

Group A Group B

Hemisphere

Affected
Contralateral

29.12 6 6.5
30.1 6 5.1

26.12 6 2.1
30.6 6 4.2

8.25 6 2.1*
12.31 6 4.1†

2.12 6 1.3*
6.62 6 2.1†

ACA territory

Affected
Contralateral

27.32 6 4.5
29.43 6 3.2

26.93 6 1.1
28.2 6 3.5

10.21 6 1.5
15.34 6 2.2

8.23 6 3.1
13.34 6 2.3

MCA territory

Affected
Contralateral

29.32 6 4.5
31.31 6 1.7

28.25 6 1.3
30.52 6 7.1

6.32 6 1.9‡
8.29 6 3.2§

1.12 6 0.72‡
4.52 6 1.2§

* P 5 .00051, † P 5 .00101, ‡ P 5 .00068, § P 5 .00115.

FIG 1. Representative case of a 55-year-old man. MR angiogram shows left ICA artery occlusion, but MR image is normal. Xe-CT
image with acetazolamide shows poor response in the left hemisphere.

FIG 2. The same patient presented with hemisensory disturbance 2 years later. MR angiogram shows a new occlusion of the right
ICA, and MR image shows a small infarction in the left thalamus (arrow). Xe-CT scan with acetazolamide shows poor response on both
sides.

(50%) of the 18 patients with MCA occlusion had
hemodynamic compromise, but only three (17.6%)
of the 17 patients with ICA occlusion had hemo-
dynamic compromise. Although the rate of hemo-
dynamic compromise with MCA occlusion seems
to be high, no significant difference was recognized
(P 5 .075).

Based on analysis of cerebral hemodynamics, the
patients were divided into two subgroups: patients
without new lesion on MR images (group A, n 5
23) and patients with new lesions (group B, n
512), including five patients with symptomatic
change. There was no significant difference in
mean hemispherical rCBF value in the affected and
contralateral sides between groups A and B at any

ROI. On the other hand, there was a significant
difference in CVR between groups A and B on
both the affected side (P 5 .00051 and P 5 .00068,
respectively) and the contralateral side (P 5 .00101
and P 5 .00115, respectively) in both the hemi-
spherical and MCA territory ROI. Moreover, the
difference was greater on the affected side (Table
2). Typical findings are shown in Figures 1 and 2.

Discussion
Previous studies of asymptomatic ICA occlusion

used Doppler sonography (7–9), angiography (10–
12), and either Doppler sonography, MR angiog-
raphy, or angiography (13) for the diagnosis. Fol-
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low-up duration ranged from 27.4 to 52 months
The incidence of symptomatic change varied from
0% to 16.7%. Three reports described rCBF eval-
uation (11–13), but there was no description of
changes in MR imaging appearance. Long-term
follow-up of patients with asymptomatic MCA oc-
clusion has not been achieved. Recently, benign
short-term outcome after asymptomatic carotid ar-
tery occlusion was reported (18), with ischemic
stroke occurring in only one (3.3%) of 30 asymp-
tomatic patients during an average follow-up du-
ration of 32 months.

In our study, the follow-up period of 79 months
with MR angiography and angiography detected
only one patient with ICA occlusion that became
symptomatic (5.9%). This rate is not much differ-
ent from those of previous studies with short-term
follow-up (7–13). However, the rate of symptom-
atic change for patients with MCA occlusion (22%)
was higher than that for patients with ICA occlu-
sion. Although the reason for the higher rate of
symptomatic change in patients with MCA occlu-
sion is unclear, we speculate that there are three
possible channels of collateral flow in patients with
ICA occlusion (through the anterior communicat-
ing artery, through the posterior communicating ar-
tery, and by leptomeningeal flow), whereas there is
only one channel of collateral flow from leptomen-
ingeal anastomosis in patients with MCA occlu-
sion. The interval from diagnosis to symptomatic
change was unclear in previous studies. We found
that the interval was 24 to 52 months (mean, 32
months) and conclude that follow-up examination
is necessary for at least 3 years after the diagnosis
of occlusion is established.

MR imaging detected the responsible lesion in
all five patients with symptomatic change. MR an-
giography showed the new stenotic lesion in two
patients and the new occlusion in one.

The lower risk of stroke in asymptomatic pa-
tients was associated with a lower incidence of high
oxygen extraction fraction (four of 30 patients) in
contrast to symptomatic patients (39 of 81 patients)
(P 5 .002). This finding further supports the im-
portance of hemodynamic factors in the pathogen-
esis of ischemic stroke in patients with carotid ar-
tery occlusion (18). Comparison of rCBF and CVR
in patients with asymptomatic (n 5 14) and symp-
tomatic ICA occlusion (n 5 18) by use of Xe-CT
showed that rCBF was not significantly different
between the two groups but that CVR was signif-
icantly different, indicating that hemodynamic con-
ditions are stable in patients with asymptomatic
ICA occlusion (12). In contrast, examination of
nine patients with asymptomatic occlusion (six cas-
es of ICA occlusion and three cases of MCA oc-
clusion) by single photon emission CT disclosed
that four of the nine patients had cerebral hypo-
perfusion and seven of the nine had impaired CVR,
so that patients with asymptomatic occlusion
should be followed up as carefully as symptomatic
patients (11). Our study showed that patients with

new lesions revealed by MR imaging had signifi-
cantly more impaired CVR than did patients with
normal results of their MR imaging, and the degree
of impairment was higher ipsilateral to the occlu-
sion. Five previous studies have shown that patients
with compromised CBF have a worse prognosis
than do similar patients with normal CBF (19–23).
Recently, impairment of CVR to hypercapnia was
found to be significantly associated with an in-
creased risk of ischemic events ipsilateral to carotid
artery occlusion (23). Also, a significant correlation
between ipsilateral ischemic events and diminished
or exhausted CO2 reactivity has been shown (19).
However, all five studies used different methods of
hemodynamic assessment, which poorly correlate
(24), so at present, it is safe to say that the physi-
ological and clinical significance of an impaired
blood flow response to acetazolamide is unknown.

In conclusion, patients with asymptomatic occlu-
sion of the ICA have a better prognosis than do
patients with asymptomatic occlusion of the MCA.
Because five of 12 patients with new lesions re-
vealed by MR imaging became symptomatic, in-
tensive follow-up is necessary if CBF study indi-
cates severe impairment of the CVR.
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