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Chronic Hemodynamic Compromise and Cerebral Ischemic
Events in Asymptomatic or Remote Symptomatic Large-Artery

ABSTRACT

Intracranial Occlusive Disease

H. Yamauchi, T. Higashi, S. Kagawa, Y. Kishibe, and M. Takahashi
O

BACKGROUND AND PURPOSE: In asymptomatic or remote symptomatic LAICOD, the risk of ischemic events is low in general, but
there may be a subgroup of higher risk patients who require aggressive medical management. The purpose of this study was to
determine whether chronic hemodynamic compromise is a predictor of ischemic events in asymptomatic or remote symptomatic
LAICOD.

MATERIALS AND METHODS: We prospectively studied 51 asymptomatic, 19 coexistent asymptomatic, and 19 remote (>6 months)
symptomatic patients with atherosclerotic intracranial internal carotid artery or middle cerebral artery disease by using '*O-PET. MP was
defined as decreased CBF, increased OEF, and a decreased CBF/CBV ratio. All patients were followed up for 2 years or until occurrence of
stroke or TIA or death.

RESULTS: Bypass surgery was performed in 4 patients (2 with MP). Three cerebral ischemic events (1 TIA in an asymptomatic patient, 1
stroke, and 1 TIA in a remote symptomatic patient) occurred in the vascular territory ipsilateral to LAICOD. Kaplan-Meier analysis with
censoring at the time of bypass surgery revealed that the incidence of ipsilateral ischemic events in patients with MP (2/5) was significantly
higher than that in patients without MP (1/84) (log-rank test; P < .0001). The relative risk conferred by MP was 83.1(95% confidence interval,
6.8-1017.4; P < .001). The incidence of ipsilateral ischemic events in patients with decreased CBF/CBV (2/9) was also significantly higher than
that of patients without it (1/80) (P = .0001).

CONCLUSIONS: Chronic hemodynamic compromise may be a predictor of ischemic events in both asymptomatic and remote symp-
tomatic LAICOD.

ABBREVIATIONS: CI = confidence interval; CMRO, = cerebral metabolic rate of oxygen; LAICOD = large-artery intracranial occlusive disease; MP = misery

perfusion; OEF = oxygen extraction fraction

AICOD has emerged as the most common stroke subtype

worldwide, and recent symptomatic LAICOD (within 3
months) is associated with a high risk of recurrent stroke."* Ag-
gressive medical management is recommended to prevent recur-
rent stroke for this subset of high-risk patients.” On the other
hand, in asymptomatic or remote symptomatic LAICOD, the
risk of ischemic events is relatively low.*® If a patient has
asymptomatic LAICOD or presents for evaluation after the
initial symptoms and does not experience subsequent events, a
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more conservative approach is recommended. However, there
may be a subgroup of higher risk patients who require aggres-
sive medical management.

Hemodynamic factors may be important in LAICOD progno-
sis.> Patients with LAICOD with hemodynamic symptoms were
reported to be at high risk for subsequent ischemic events.'® Pre-
vious studies of mixed patient populations with symptomatic
large-artery extracranial and intracranial occlusive disease suggest
that chronic hemodynamic compromise, as indicated by in-
creased OEF (also known as MP)'" on '>O-PET"? or severely de-
creased vasodilatory capacity, is a risk factor for subsequent isch-
emic stroke.'>'” However, the relationship between hemodynamic
compromise and asymptomatic or remote symptomatic LAICOD
prognosis is unknown. The purpose of this observational study was
to determine whether chronic hemodynamic compromise on >O-
PET is a predictor of subsequent ischemic events in asymptomatic or
remote (>6 months) symptomatic atherosclerotic intracranial dis-
ease of the ICA or MCA.



Table 1: Baseline patient characteristics

Category
Characteristic Asymptomatic Coexistent Remote Controls

No. of patients 51 19 19 7
MP (No.) 1 1 3 -

Increased OEF 7 4 6 -

Decreased CBF/CBV 1 3 5 -
Age (mean) (yr) 63+9 63*+9 65+8 47 =7
Men/women (No.) 3120 13:6 13:6 43
Cerebral infarction (No.). 20 7 17 -
Asymptomatic bilateral lacunar infarcts (No.) 8 3 3 -
Qualifying artery (No. of occlusions/stenoses) 9/42 5/14 7/12 -

Intracranial ICA (occlusions/stenoses) 26(3/23) 9(1/8) 4(1/3) -

MCA (occlusion/stenosis) 25 (6/19) 10 (4/6) 15 (6/9) -
Other asymptomatic stenoses >50% (No.) 18 - 2 -
Other medical illness (No.)

Hypertension 27 1 15 0

Diabetes mellitus 14 10 5 0

Ischemic heart disease 9 7 4 0

Hypercholesterolemia 10 5 8 0
Smoking habit (current and former) (No.) n 4 5 0
Antiplatelet agents 33 18 17 0
Bypass surgery (MP) (No.) 2(1) 0 2(1) -

Note:—Asymptomatic indicates asymptomatic artery disease; Coexistent, coexistent asymptomatic artery disease; Remote, remote symptomatic artery disease.

MATERIALS AND METHODS

Patients

We studied 51 consecutive patients with asymptomatic athero-
sclerotic LAICOD (asymptomatic group). We included 31 men
and 20 women (age range, 44-90 years; mean, 63 * 9 years;
Table 1). Patients were first referred to the PET unit at Shiga
Medical Center from the outpatient clinic or other hospitals in
the Shiga Prefecture between 1999 and 2008 to undergo hemo-
dynamic parameter evaluation as part of clinical assessment to
determine the need for extracranial-intracranial bypass. Al-
though the benefit from bypass surgery in patients with MP
remains to be proved, the operation is nevertheless performed
in some patients in Japan and elsewhere. The inclusion criteria
were the following: 1) occlusion or stenosis (>50% diameter
reduction) of the intracranial ICA or MCA as documented by
conventional or MR angiography,'® and 2) absence of previous
symptoms or signs of ischemia in the diseased intracranial ICA
or MCA territory. The exclusion criteria were the following: 1)
history of vascular reconstruction surgery, or 2) potential
sources of cardiogenic embolism, including recent myocardial
infarction (within 3 weeks), known atrial fibrillation, mitral
stenosis, mitral valve prosthesis, dilated cardiomyopathy, sick
sinus syndrome, or subacute bacterial endocarditis.

During the same study period, we also studied 19 consecu-
tive patients with asymptomatic LAICOD coexistent with
symptomatic large-artery disease who met the inclusion crite-
ria above (coexistent group) and 19 consecutive patients with
remote (>6 months; median, 45 months; range, 6.4-142
months) symptomatic LAICOD without subsequent events
(remote group) (Table 1). These patients were selected from
candidates for the observational study of symptomatic large-
artery disease reported elsewhere.'” Patients were first referred
to the PET unit at Shiga Medical Center from the outpatient
clinic or other hospitals in the Shiga Prefecture to undergo
hemodynamic parameter evaluation as part of clinical assess-
ment to determine the need for bypass surgery. The inclusion

criteria for symptomatic large-artery disease were the follow-
ing: 1) occlusion of the extracranial ICA or occlusion or steno-
sis (>50% diameter reduction) of the intracranial ICA or MCA
as documented by conventional or MR angiography,'® 2) his-
tory of TIA or stroke involving the relevant ICA or MCA ter-
ritory, and 3) ability to independently carry out daily activities
(<3 onthe modified Rankin Scale). The exclusion criteria were
the same as described above.

In asymptomatic (never symptomatic) patients, arterial dis-
ease was suspected on the basis of the findings of MR angiography
or echo angiography performed during screening for cerebral ar-
terial disease in patients with coronary artery disease or those
presenting with dizziness, vertigo, or headache. In 20 of the 51
patients, MR imaging revealed minor abnormalities in the MCA
territory of the hemisphere with arterial disease. Eight patient
MRIs showed asymptomatic lacunar infarcts in the bilateral basal
ganglia (putamen, globus pallidus, and caudate nucleus) that
were identified as hyperintense regions on fluid-attenuated inver-
sion recovery images and hypointense areas on T1-weighted im-
ages. Diseased arteries included intracranial ICA occlusion in 3
cases, intracranial ICA stenosis in 23 cases, MCA occlusion in 6
cases, and MCA stenosis in 19 cases. Other asymptomatic arterial

V1819 were found in 16 cases

stenoses (>50% diameter reduction
(18 arteries), including contralateral ICA disease in 8 cases, con-
tralateral MCA disease in 4 cases, and vertebral artery disease in 6
cases. The findings on MR imaging or angiography in coexistent
asymptomatic or remote symptomatic patients are listed in Table 1.
Vascular risk factors, including hypertension, diabetes mellitus, isch-
emic heart disease, hypercholesterolemia, and smoking status
were determined from patient history recorded at the time of
PET examination. Hypertension, diabetes mellitus, ischemic
heart disease, and hypercholesterolemia were judged as present
on the basis of treatment history. The ethics committee of our
center approved the study protocol, and each patient provided
written informed consent.
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FIG 1. An example of the ROIs on the CBF image.

PET Measurements
All patients underwent 'O-PET scans with a whole-body Ad-
vance PET scanner (GE Healthcare, Milwaukee, Wisconsin),
which permits simultaneous acquisition of 35 sections with inter-
section spacing of 4.25 mm.”° Intrinsic scanner resolution was
4.6-5.7 mm in the transaxial direction and 4.0-5.3 mm in the
axial direction. As part of the scanning procedure but before
tracer administration, germanium 68/gallium 68 transmission
scanning was performed for 10 minutes for attenuation correc-
tion. To reconstruct the PET data, we blurred images to 6.0-mm
full width at half maximum in the transaxial direction with a
Hanning filter. Functional images were reconstructed as 128 X
128 pixels, with each pixel representing an area of 2.0 X 2.0 mm.
A series of oxygen 15 (*°0) gas studies was performed. The
patients continuously inhaled C'°0,, and '*O, through a face
mask.?® The scanning time was 5 minutes, and arterial blood was
manually sampled from the brachial artery 3 times during each
scan. Radiotracer radioactivity in whole blood and plasma was
measured by using a well counter. Bolus inhalation of C'*O and
3-minute scanning was used to measure CBV. Arterial samples
were manually obtained twice during scanning, and radiotracer
radioactivity was measured in whole-blood samples. CBF,
CMRO,, and OFEF were calculated by using the steady-state
method.>' CMRO, and OEF were corrected by CBV.** The CBF/
CBV ratio was calculated pixel-by-pixel as an indicator of cerebral
perfusion pressure.>?

Data Analysis

We analyzed 10 tomographic planes from 46.25 to 84.5 mm above
and parallel to the orbitomeatal line, which corresponded to the
levels of the basal ganglia and thalamus to the centrum semiovale.
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The ROIs were placed on the CBF images. Each image was exam-
ined by placing 10—12 circular ROIs (diameter, 16 mm) over the
outer cortical gray matter in each hemisphere (Fig 1). According
to the atlas, the ROIs in all 10 images covered the distribution of
the MCA and the watershed areas between the MCA and other
cerebral arteries.”* The same ROIs were transferred to the other
images. The mean value for the hemisphere affected by ICA or
MCA disease was calculated as the average of the values for all
circular ROIs. In asymptomatic (never symptomatic) patients
with bilateral disease, the hemisphere supplied by the more se-
verely diseased ICA or MCA is referred to here as the “affected
hemisphere.” In patients with cerebral cortex infarction, the cir-
cular ROIs that included hypointense areas on T1-weighted MR
images were excluded from analysis by using a method that cor-
related PET images with MR images.'® We did not use coregis-
tered MR imaging to define the ROIs.

Normal control values of the '>O-PET variables were obtained
from 7 healthy volunteers (4 men and 3 women; mean age, 47 = 7
years) who underwent routine neurologic examinations and MR
imaging scans. The OEF value obtained from these 14 control hemi-
spheres was 44.5% = 3.8%. Hemispheric OEF values beyond the
upper 95% limit defined in healthy subjects (above 52.9%) repre-
sented increased OEF. Comparative values for CBF and CBF/CBV in
healthy controls were 44.6 * 4.5 and 11.4 * 1.8, respectively. Hemi-
spheric CBF and CBF/CBV values below 35.0 mL/100 g/min and
7.6/min, respectively, were considered abnormal.

Patients with increased OEF, decreased CBF, and decreased CBF/
CBV in hemispheres with arterial disease were categorized as having
MP. This definition differed from that in our previous study, which
only considered increased OEF.'>'¢ It was adopted because in-
creased OEF without decreased perfusion pressure may not indicate
MP.'”? Patients with increased OEF in our previous study also had
decreased CBF and CBE/CBV,'” which is consistent with MP in the
present study. Patients were categorized as having or not having MP
by an investigator who was unaware of their clinical status.

Follow-Up and Outcome

Attending physicians were informed of '?O-PET findings, but risk
factor treatment and pharmacologic or surgical interventions
were left to individual clinical judgment. Asymptomatic patients
who received medical treatment and all symptomatic patients
were examined at 1- or 2-month intervals after '>O-PET in the
outpatient clinic of our center or at other hospitals in the Shiga
Prefecture. An interim history was obtained, and a neurologic
examination was performed at each visit. We contacted 2 asymp-
tomatic patients without medical treatment or their next of kin by
telephone every 6 months. In patients who experienced subse-
quent ischemic events (stroke or TIA), MR images or CT images
were obtained and compared with the initial images to confirm
stroke, and MR angiography was performed to study changes in ar-
terial disease. The end point was an ipsilateral ischemic event (stroke
or TIA). “Stroke” was defined as the acute onset of a new focal neu-
rologic deficit of cerebral origin persisting for more than 24 hours
without primary intracranial hemorrhage on CT or MR imaging.
“TTA” was defined as the development of focal symptoms of pre-
sumed cerebrovascular ischemic origin lasting <24 hours.



Table 2: Baseline values of PET variables in the hemispheres ipsilateral to intracranial artery

disease and in healthy controls®

tionship (P < .05) with an outcome
event were included in the final model.

Category
Variable Asymptomatic Coexistent Remote Controls RESULTS
CBF (mL/100 g/min) 39.5+73 36378 340+ 66>  446=45  On the basis of OEF, CBF, and CBF/
CMRO, (mL/100 g/min) 3.29 = 0.50 296 = 044 2.89 =042 343%£033  CBV values in the hemisphere supplied
OEF (%) 48.0 £ 5.9 50.7 = 6.8 503 =538 445+ 38 by the asymptomatic or remote symp-
CBV (mL/100 g) 3.53 = 0.54 3.85+£0.83 3.84 £0.75 3.98 £ 048 tomatic artery, 5 patients (5.6%) had
CBF/CBV (per min) N3 =21 98+ 27 92+26 n4+18 Y>> P S0

MP and 84 did not (Table 1). Seventeen

Note:—Asymptomatic indicates asymptomatic artery disease; Coexistent, coexistent asymptomatic artery disease;

Remote, remote symptomatic artery disease.
Values are means.

5P <001 vs corresponding value in healthy controls (I-way ANOVA and post hoc Scheffe analysis).

FIG 2. Upper row shows examples of PET images for a patient with left (L) remote (41 months)
symptomatic MCA stenosis with MP. MRA shows severe stenosis of the L MCA. PET study shows
reduced CBF, increased OEF, and decreased CBF/CBV in the L hemisphere with MCA stenosis
(arrows). A subsequent transient ischemic attack (a transient episode of sensory aphasia) oc-
curred 14 days after the PET study. Lower row shows a patient with L asymptomatic MCA stenosis

with normal cerebral hemodynamics.

Statistical Analysis

Baseline values of 5 PET variables were compared among 3
LAICOD types and healthy controls by using 1-way analysis of
variance and post hoc Scheffe analysis; significance was estab-
lished at P < .01 (.05/5) by performing a Bonferroni correction.
The incidence of subsequent cerebral ischemic events was com-
pared between groups by using the Fisher exact test or Mantel-
Cox log-rank statistics and Kaplan-Meier survival curves. Survival
analysis began on the day of the '>O-PET examination, which was
considered the date of entry into the study. Analysis was per-
formed with censoring at the time of bypass surgery. Multivariate
analysis by using the Cox proportional hazards model was used to
test the effect of multiple variables on the occurrence of ischemic
events. Age, sex, subgroup (asymptomatic, coexistent asymptom-
atic, or remote symptomatic LAICOD), antiplatelet agent, arterial
occlusion, MCA disease, other asymptomatic major cerebral ar-
terial stenoses, cerebral infarction, bilateral asymptomatic lacu-
nar infarcts, complications (hypertension, diabetes mellitus, prior
ischemic heart disease, or hypercholesterolemia), smoking habits,
and MP were considered covariates. Forward stepwise selection
was performed, and variables demonstrating a significant rela-

patients had increased OEF, while 9 pa-
tients had decreased CBF/CBV. Baseline
values of PET variables in the 3 groups
are shown in Table 2. No significant dif-
ference was found for any variable
among the 3 patient groups, while CBF
in remote symptomatic patients was
only significantly decreased compared
with healthy controls.

All patients were followed up for 2
years or until a cerebral ischemic event
or death. Four patients (4.5%), includ-
ing 2 with MP (1 intracranial ICA steno-
sisand 1 intracranial ICA occlusion) and
2 without (2 MCA occlusions), under-
went bypass surgery an average of 2.4
months after PET examinations (range,
0.5-4.0 months). Three cerebral isch-
emic events occurred in the vascular ter-
ritory ipsilateral to LAICOD. All 3
events occurred in medically treated pa-
tients. One stroke and 1 TIA occurred in
remote symptomatic patients with re-
mote artery disease and MP; 1 patient
with left intracranial ICA stenosis devel-
oped infarction in the posterior limb of
the left internal capsule, resulting in
right hemiparesis; and 1 patient with left
MCA stenosis developed a transient episode of sensory aphasia
(Fig 2). One TIA occurred in an asymptomatic patient without
MP, and a patient with right MCA occlusion developed a transient
weakness of the left upper limb. Four surgically treated patients
had no ischemic events after surgery. All of the asymptomatic or
remote symptomatic patients survived the 2-year follow-up pe-
riod, and 1 patient with coexistent asymptomatic artery disease
and MP died of myocardial infarction after 12 months.

In patients with and without MP, the 2-year incidences of ipsilat-
eral stroke and TIA were 2/5 (40%) and 1/84 (1.2%), respectively
(Fisher exact test; P = .0075). Kaplan-Meier analysis with censoring
at the time of bypass surgery revealed that the incidence of ipsilateral
ischemic events in patients with MP was significantly higher than that
of patients without MP (P <.0001; Fig 3, left). Multivariate analysis
with the Cox proportional hazards model demonstrated that only
MP was a significant independent predictor for ipsilateral ischemic
events. The relative risk conferred by MP was 83.1 (95% confidence
interval, 6.8—1017.4; P < .001).

The ipsilateral ischemic event incidence in patients with de-
creased CBF/CBV (2/9) was significantly higher than that of pa-
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CBF/CBV was used as a covariate in-

£ o7 Ipsilateral Ischaemic Events Ipsilateral Ischaemic Events
e 0.7 stead of MP, multivariate analysis with
u£.1 0.6 0.6 the Cox proportional hazards model
= P=0.0001
2 054 Misery Perfusion (+) 05 demonstrate.d that onl?/ decreased CBF/
S CBYV was a significant independent pre-
£ 0.4 0.4+ . . . . i
5 Decreased CBFICBV (+) dictor for ipsilateral ischemic eve.nts, 1.n
© 0.3 P<0.0001 03 creased OEF was not. The relative risk
% B values conferred by decreased CBF/CBV
32 02 and increased OEF were 24.8 (95% CI,
g -y i 1 .
E 0.1 Misery Perfusion () 0.1 Decreased CBFICBV (1) 2.2-277.3; P < .01) and 9.8 (95% CI,
e o _ ' . 0 Y , : 0.8-108.4; P = .063), respectively.

0 6 12 8 24 0 6 12 18 24
No. at risk Follow-up, mo Follow-up, mo
MP(+) 5 1 0 0 0 DecF/V(+) 9 5 4 4 4  DISCUSSION .
MP(-) 84 82 81 81 80 DecF/V(-) 80 78 77 77 76 This study demonstrated that chronic

FIG 3. Kaplan-Meier cumulative failure curves for ipsilateral ischemic events in patients with and
without misery perfusion (left) or decreased CBF/CBV (right). The number of patients who re-
mained event-free and available for follow-up evaluation during each 6-month interval is shown

at the bottom of the graph.

19
18 0
¢ o]

17- ©

16- =

15 8 8

14 3

5

13 g 5
i ¢
35 TR T
> 11 ; ;
o o] C O
310 ol é 8 o
& g s g -
O o © g é) é

8- ¥ e} o

TTTTTTTTmTmmmmmmm s A & Fa """6"""

7 A

6 o =

3 O [ ]

4.

Controls Asymptomatic Coexistent Remote

FIG 4. Relationship between decreased CBF/CBV and ischemic
events. Closed circles (red) indicate patients with ischemic events. A
dashed line (blue) denotes the lower 95% limit defined in healthy
controls. Triangles indicate patients who underwent bypass surgery.

tients without decreased CBF/CBV (1/80) (Fisher exact test; P =
.026) (Fig 4), while no significant difference was found between
that of patients with increased OEF (2/17) and patients without
increased OEF (1/72) (Fisher exact test; P = .092). Kaplan-Meier
analysis with censoring at the time of bypass surgery revealed that
the incidence of ipsilateral ischemic events in patients with in-
creased OEF or decreased CBF/CBV was significantly higher than
that of patients without it (log-rank test; P < .05 and P = .0001,
respectively) (Fig 3, right). When increased OEF or decreased
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hemodynamic compromise on ">O-PET
is a predictor of subsequent ischemic
events in the hemispheres with asymp-
tomatic or remote (>6 months) symp-
tomatic atherosclerotic intracranial dis-
ease of the ICA or MCA. The 2-year incidence of ipsilateral
ischemic events in patients with MP (2/5) or decreased CBF/CBV
(2/9) was significantly higher than that of patients without MP
(1/84) or decreased CBF/CBV (1/80), respectively. Evaluation of
chronic hemodynamic compromise may identify a subgroup of
higher risk patients in asymptomatic or remote (>6 months)
symptomatic LAICOD that has a low risk of ischemic events in
general.*

No studies have investigated the relationship between chronic
hemodynamic compromise on '>O-PET and asymptomatic or
remote symptomatic LAICOD prognosis. Previous studies of
symptomatic atherosclerotic large-artery disease, including
LAICOD, suggested that patients with chronic hemodynamic
compromise are at high risk for subsequent stroke.'*'” Thus,
chronic hemodynamic compromise may also confer a higher risk
of ischemic events in patients with asymptomatic or remote
symptomatic LAICOD. The results of this study support this hy-
pothesis, though only a few patients in this small sample experi-
enced subsequent ischemic events. However, our findings are
consistent with the benign prognosis of asymptomatic LAICOD
reported by several studies.****® Correct evaluations of hemody-
namic status by using '>O-PET could identify a small subgroup of
higher risk patients among low-risk patients with LAICOD. MP
was the best predictor of ischemic events, and decreased CBF/
CBV also predicted ischemic events, though the predictive value
of decreased CBF/CBV was lower than that of MP. The CBF/CBV
is the reciprocal of the expression for vascular MTT, which can be
evaluated by perfusion imaging with MR imaging or CT in rou-
tine clinical practice.”>*° The ability of perfusion MR imaging or
CT methods to predict the risk of future ischemic events should be
studied in a larger patient sample.® In the future, the combination
of perfusion imaging with oxygen imaging by using MR imaging,
which may detect MP, would allow greater accuracy in identifying
higher risk patients.>"**

In asymptomatic or remote symptomatic LAICOD, cerebral
hemodynamics and metabolism have not been studied specifi-
cally. In this study, the degree of hemodynamic compromise at
baseline was mild. However, cerebral atherosclerosis is a dynamic



disease that can progress or regress.”> Thus, to improve long-term
prognosis in patients with asymptomatic or remote (>6 months)
symptomatic atherosclerotic LAICOD, preventing hemodynamic
deterioration due to the progression of artery disease may be im-
portant. This could be achieved by appropriately managing
atherogenic risk factors. In patients with carotid occlusion,
asymptomatic hemodynamic deterioration has been demon-
strated to cause subsequent hemodynamic stroke during long-
term (>2 years) follow-up.’* Hemodynamic assessment at base-
line may be useful to identify patients who require aggressive
medical management. Furthermore, follow-up evaluation of he-
modynamic status and cerebral atherosclerosis might identify pa-
tients whose stroke risk is increased in asymptomatic or remote
symptomatic atherosclerotic LAICOD.

The major limitation of this study was that only a few ischemic
events occurred in the small patient sample. Because our cohort
comprised patients who were examined on a PET unit, our results
are subject to referral or selection bias. Patients perceived to be at
high risk for ischemic events might have been more readily re-
ferred for ">O-PET investigation. Despite the possibility of over-
estimation of ischemic-event risk, asymptomatic or remote symp-
tomatic LAICOD had a low risk of ischemic events and a low
incidence of MP, suggesting that benign prognosis may be asso-
ciated with less hemodynamic impairment in these patients. Be-
cause only a few patients experienced subsequent ischemic events,
we were unable to establish a conclusive relationship between
hemodynamic compromise and ischemic event risk. Future MR
imaging or CT studies by using MTT measurements should be
performed in a large number of patients.

This study has other limitations. It is debatable whether TTAs
without infarction are clinically important. However, the 90-day
risk of ischemic stroke was reported to be 6.9% after TIA in pa-
tients with intracranial artery stenosis.”> Thus, detection of pa-
tients at high risk for TIA is meaningful for preventing subsequent
stroke. Thirty-six percent of patients were diagnosed by MR an-
giography, which could have overestimated stenosis. The selec-
tion of bypass surgery was left to the individual clinical judgment
of attending physicians, which may have caused selection bias.
The lack of coregistered MR imaging to define the ROIs might
have limited correct stratification of the patient groups. However,
calculation of the mean hemispheric value by using ROIs placed
compactly on multiple image sections could help to diminish this
error. In some patients, hemodynamic compromise severity
might not have been reflected by the ">O-PET variables in the
whole hemisphere; they may have been more regional. The
healthy control subjects were younger than the patients. With
150-PET, in the cerebral cortical ROIs of the MCA distribution,
CBF, CMRO,, and CBV were reported to decrease with age, while
OEF and CBF/CBV did not change with age.>® Thus, the degree of
hemodynamic compromise evaluated with OEF and CBF/CBV
may not be affected by the inadequate matching for age.

CONCLUSIONS

In the hemispheres with asymptomatic or remote (>6 months)
symptomatic atherosclerotic LAICOD, those with chronic hemo-
dynamic compromise, specifically MP or decreased CBF/CBV,
appear to be at high risk for cerebral ischemic events under stan-

dard medical therapy. This small subgroup of patients with higher
risk LAICOD may need aggressive medical management and can
be identified by detecting increased MTT by using perfusion MR
imaging or CT imaging in routine clinical practice.
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