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Abstract

Dynamic computed tomography (CT) is an established method for the evaluation of perfusion in acute
ischemic stroke, but is not frequently used to assess infratentorial ischemia. Eleven patients with
vertebrobasilar ischemia underwent dynamic CT on admission and/or during the follow-up period. The
time of appearance (TA) and time to peak (TTP) were mapped and differences in TA (4TA) and TTP
(ATTP) between the bilateral middle cerebral artery and posterior cerebral artery (PCA) territories were
calculated. Conventional angiography and brain imaging including CT and magnetic resonance imag-
ing were also performed. The TA and TTP maps obtained within 48 hours after onset exhibited time
delay in eight of nine patients in the bilateral PCA territories. ATA and ATTP were greater in patients
with stenosis or occlusion of the bilateral vertebral arteries or the basilar artery, and in patients without
collateral circulation via the posterior communicating arteries than in control subjects. Furthermore,
TA and TTP normalized dramatically in patients with recanalization of the arteries. ATA and ATTP
were also normalized. ATA and ATTP were negatively correlated with the time from onset to examina-
tion. Dynamic CT can provide important information in patients with vertebrobasilar ischemic stroke,
and may allow the diagnosis of acute ischemia and monitoring of the course.
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Introduction

Planning of treatment for acute cerebral ischemia
requires accurate determination of the extent and
severity of the ischemia. Transcranial duplex
sonography,® digital subtraction angiography,®
computed tomography (CT) angiography,’® xenon-
enhanced CT,? positron emission tomography,51%
single-photon emission CT,¥ and various magnetic
resonance (MR) imaging techniques?*? are all
established methods for evaluating acute stroke.
However, use of these methods is limited in ordinary
hospitals because special and expensive equipment
is required and examinations are usually time-
consuming. CT is usually performed to exclude
hemorrhage and definitive irreversible cerebral
infarction in patients suspected of having acute
stroke.
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Dynamic CT with contrast medium can acquire
and evaluate perfusion scans rapidly and economi-
cally.12?2 However, dynamic CT is not often applied
to vertebrobasilar ischemia because of bone artifacts
and the difficulty in selecting regions of interest
(ROIs).513:19

The present study performed supratentorial
dynamic CT in patients with vertebrobasilar ischem-
ic stroke to evaluate whether functional maps and
parameters of dynamic CT are useful for the diagno-
sis and monitoring of treatment.

Materials and Methods

Eleven patients with vertebrobasilar ischemic
stroke, five males and six females aged 63 to 85 years
(mean 75.1 years), were admitted to the Department
of Neurosurgery, Takaoka Social Insurance
Hospital, between February 1998 and January 2000
(Table 1). Symptoms included disorder of conscious-
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Table 1 Summary of characteristics of patients with vertebrobasilar ischemic stroke

Cerebral angiography

Case Agel Svmptoms Lesions on
No. Sex ymp VA or BA PComA MR imaging Outcome
1 78/F T no union of It VA, rt VA occl. (recanal.) + none GR
2 71U/M CN,V, T no union of It VA, rt VA occl. + cerebellum MD
3 65/M H,V bil VA sten. + pons GR
4 79/F C,H bil VA occl. -~ pons SD
5 73/F C,T n.e. n.e. pons, cerebellum D
6 63[F C BA occl. (recanal.) + pons GR
7 85/F C,H BA occl. - occipital lobe MD
8 82/M C BA occl. (recanal.) - pons, occipital lobe D
9 74M V,CN,C, T BA occl - pons D
10 78/M H bil VA steno. + none GR
11 78/F H bil VA steno. + pons GR

BA: basilar artery, C: disorder of consciousness, CN: cranial nerve involvement, D: death, GR: good recovery, H:
hemiparesis, MD: moderate disability, n.e.: not examined, occl.: occlusion, PComA: posterior communicating artery,
recanal.: recanalization, SD: severe disability, sten.: stenosis, T: tetraparesis, V: vertigo, VA: vertebral artery.

ness in six patients, hemiparesis in five, tetraparesis
in four, vertigo in three, and cranial nerve involve-
ment in two. Transient ischemic attacks preceding
stroke were recorded in three patients.

Conventional angiography was performed except
for one patient (Case 5) who exhibited severe disord-
er of consciousness on admission. Follow-up an-
giography was performed in five patients (Cases 1, 2,
4, 6, and 8). Brain diffusion MR imaging approxi-
mately 7 days after onset demonstrated lesions in the
following structures: pons in seven patients, cerebel-
lum in two, and occipital lobe in two. However, two
patients (Cases 1 and 10) had no lesions. Urokinase
was administered intravenously if the diagnosis was
established within 6 hours after onset.

Five control subjects who underwent examina-
tions including dynamic CT to detect asymptomatic
brain disease were also included in this study.
Their sex and age matched those of the patients.
Informed consent was obtained from each patient or
family.

Initial dynamic CT was performed in nine
patients (Cases 1 to 9) within 48 hours after onset
and in two patients (Cases 10 and 11) later than 48
hours. Repeat dynamic CT was performed in four
patients (Cases 1 to 4) between the acute and chronic
stages (7 to 60 days after onset). A slip-ring CT scan-
ner was used (Quantex; GE-YMS, Tokyo). After
baseline CT examination without contrast enhance-
ment, dynamic scanning began at 5 seconds after
bolus injection (8 ml/sec) of non-ionic contrast
medium (40 ml of Iopamidol 300; Schering, Tokyo)
via the right antecubital vein. Six continuous scans
with scan time of 2 seconds and scan interval of 2
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Fig. 1 A: Schematic representation of the para-
meters of dynamic computed tomography
(CT) obtained from time-density curves.
ACT: optical density, PV: peak value, TA:
time of appearance, TTP: time to peak. B:
Dynamic CT scan showing the regions of
interest in the territories of the posterior
cerebral artery (a) and middle cerebral
artery (b).

seconds, and two continuous scans with scan time
of 2 seconds and scan interval of 5 seconds were
obtained for each procedure. The CT slice included
the splenium of the corpus callosum parallel to the
orbitomeatal line. ROIs were placed symmetrically
as circles of 3 cm diameter at the centers of the
middle cerebral artery (MCA) and posterior cerebral
artery (PCA) territories (Fig. 1). No patient exhibited
adverse reactions to contrast medium. Raw data
from dynamic CT ROIs were processed with a gam-
ma-variate function, and time-density curves were
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prepared. The time of appearance (TA) and time to
peak (TTP) were extracted (Fig. 1). The mean differ-
ences of TA and TTP between the bilateral MCA and
PCA territories (ATA and ATTP) were calculated
from the time-density curves. Functional maps of
TA and TTP were drawn from the resulting
dynamically-enhanced scans. TA is a parameter
related to the extent of the development of collateral
circulation in the presence of occlusive lesions in
the main arteries. TTP may be related to cerebral
blood flow.

Data are presented as mean + standard deviation.
Comparisons of data between two groups were per-
formed using Student’s t test, and between three
groups or more using one-way analyses of variance
followed by Fisher’s protected least-squares differ-
ence test. Correlations between ATA and ATTP and
the duration between onset and examination of
dynamic CT or clinical outcome at 3 months were
analyzed by determination of Spearman’s rank
correlation. P values < 0.05 were considered sig-
nificant.

Results

Initial cerebral angiography revealed stenosis of the
bilateral vertebral arteries in one patient (Case 3),
complete occlusion of the bilateral vertebral arteries
in one (Case 4), complete occlusion of one vertebral
artery with non-union of the contralateral vertebral
artery in two (Cases 1 and 2), and occlusion of the
basilar artery in four (Cases 6, 7, 8, and 9).
Functional maps of TA and TTP exhibited time
delay in the bilateral PCA territories in eight of nine

patients (Cases 1 to 9) who underwent dynamic CT
within 48 hours after onset (Table 2). ATA and
ATTP were compared between patients with ob-
structive lesions of the bilateral vertebral arteries or
basilar artery, and the control subjects (Table 3).
Both ATA and ATTP were significantly greater in
patients with obstructive lesions than in the control
subjects. ATA and ATTP were also compared
between the control subjects and patients without
collateral circulation via the bilateral posterior
communicating arteries (PComAs) or patients with
collateral circulation via at least one PComA

Table 2 ATTP and ATA measured at various

stages
Case Acute stage (=48 hrs) Subacute or chronic stage
No. ATTP (sec) ATA (sec) Day ATTP(sec) ATA (sec)
1 1.8 1.6 30 0.8 0.1
2 2.3 1.1 7 1.1 0.2
3 0.9 0.2 60 0.6 0.1
4 2.2 2.5 30 1 0
5 2.2 1.2 n.e.
6 1 0.5 n.e.
7 2.6 2.4 n.e.
8 3.4 1.5 n.e.
9 2.0 0.5 n.e.
10 n.e. 30 0.4 0.1
11 n.e. 60 0.8 1.2

ATA: difference of time of appearance between the
bilateral middle cerebral and posterior cerebral artery
territories, ATTP: difference of time to peak between
the bilateral middle cerebral and posterior cerebral
artery territories, n.e.: not examined.

Table 3 Comparison of mean ATA and ATTP in various patient groups

ATA (sec) ATTP (sec)
Control subjects (n=5) 0.24+0.152 0.780+0.335
Stenosis/occlusion (n=8) 1.29+0.871 2.03+0.819

(p=0.0237 vs. control)

Collateral circulation via PComA
with (n=4)
without (n=4)

Repeat dynamic CT

0.850+0.624
1.73£0.932
(p=0.0052 vs. control)

(p=0.0085 vs. control)

1.50+0.668
2.55%+0.619
(p=0.0007 vs. control,
p=0.0208 vs. with circulation)

<14 days (n=10) 1.17 £0.841
(p=0.0202 vs. control,
p=0.0284 vs. =15 days)

0.300+0.505

1.95+0.784
(p=0.0062 vs. control,
p=0.0007 vs. =15 days)

=15 days (n=5) 0.400+0.707

CT: computed tomography, PComA: posterior communicating artery, ATA: difference of time of appearance between
the bilateral middle cerebral and posterior cerebral artery territories, ATTP: difference of time to peak between the
bilateral middle cerebral and posterior cerebral artery territories.
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Relationship between number of days from
onset to examination and difference in time
of appearance (ATA) (A) and time to peak
(ATTP) (B) between the regions of interest of
the posterior cerebral artery and middle
cerebral artery. There were significant
correlations between ATA (p = 0.045) and
ATTP (p = 0.013) and number of days
(Spearman’s rank correlation).

(Table 3). ATA was significantly greater in the
patients without collateral circulation than in the
control subjects. ATTP was also significantly great-
er in the patients without collateral circulation com-
pared to both patients with collateral circulation and
the control subjects. ATA and ATTP were compared
within 14 days after onset, at least 15 days after
onset, and with the control subjects (Table 3). ATA
and ATTP measured within 14 days after onset were
significantly greater than those measured at least 15
days after onset and in the control subjects.
Furthermore, significant correlations were ob-
served between the time from onset to examination
and ATA (p = 0.045) and ATTP (p = 0.013) (Fig. 2).
Three of these four patients underwent follow-up
angiography. Time delay of the functional maps of
TA and TTP in the PCA territories were improved in
all cases on follow-up dynamic CT. The follow-up

functional maps of TA and TTP normalized dramat-
ically in Case 1 who showed recanalization of an
artery with good outcome (Fig. 3).

Discussion

The present study performed dynamic CT in the
supratentorial region of patients with vertebrobasi-
lar ischemic stroke. The technique may affect the
dynamics of the anterior circulation in cases of
vertebrobasilar ischemia, but elongation of TA and
TTP due to the disease must be greater than any
change induced by dynamic CT. Eight of nine
patients with vertebrobasilar ischemic stroke ex-
hibited TA and TTP time delay in the bilateral PCA
territories on functional maps within 48 hours after
onset. The parameters of time-density curves of dy-
namic CT should be compared between four groups
according to stenosis or occlusion of vertebral arte-
ries or basilar artery and the presence of collateral
circulation via the PComAs. However, we compared
these factors separately due to the small sample size.
ATA and ATTP within 48 hours after onset were sig-
nificantly greater in patients with obstructive le-
sions than in control subjects, and significantly
greater in patients without collateral circulation
than in control subjects. Follow-up functional maps
exhibited recovery of TA and TTP in the PCA terri-
tories in all examined patients. Furthermore, sig-
nificant correlations between the time from onset to
examination and the ATA or ATTP were observed.
These findings may reflect the recovery of the brain
circulation with the natural course of disease and
treatment. The main vessel occlusion is important to
determine to initiate treatment such as fibrinolysis
in patients with acute ischemic stroke. Clinical signs
and symptoms may allow the identification of main
vessel occlusion. However, patients with ver-
tebrobasilar infarction tend to show only vertigo or
relatively mild neurological deficits in the acute
stage of infarction, because of the progressive in-
farction. Therefore, an objective diagnosis method is
more necessary for vertebrobasilar infarction than
for anterior circulation.

These results suggest that functional mapping of
TA and TTP or calculation of ATA and ATTP by
early dynamic CT can predict the presence of occlu-
sion or severe stenosis in the bilateral vertebral
arteries or basilar artery, especially in patients
without collateral circulation via the PComAs.
Further studies are required to assess the efficacy of
dynamic CT for the diagnosis and monitoring of the
course of disease in patients with vertebrobasilar
ischemic stroke.
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Fig. 3 Case 1.
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Commentary

In this study dynamic CT scanning after contrast,
now available in most centers, was used in patients
with vertebrobasilar ischemic strokes, comparing the
times of appearance and peak contrast in the
posterior cerebral and middle cerebral territories.
Significant delays were found in both these times,
especially in patients with little angiographic evidence
of collateral supply by the posterior communicating
arteries. As pointed out, clinical deficits may be only
minor in the early stages, and a test that shows major

vessel occlusion at this time may be very useful.

As one would perhaps expect, these delays became
less with the passage of time since the stroke, suggest-
ing a gradual recovery in posterior circulation flow. It
would be very interesting to see if this was more
marked in patients with spontaneous recanalization
or after thrombolytic treatment, and this would be
worth considering in a larger group of patients in a
future study. :

The numbers are small so far, but at least in th
time to peak concentration there was very little over-
lap in values between the four patients with and the
four without good posterior communicating collateral
flow. I would certainly encourage the authors to
continue with this study on larger groups as dis-
cussed, to see if the technique remains accurate and to
determine whether it may have a place in guidance of
therapy in this difficult patient group. Will it turn out
that thrombolytic therapy is clinically useful only in
those with large delays in contrast filling?

Nicholas W. C. DorscH, M.D., F.R.C.S., F.R.A.C.S.

Department of Neurosurgery
Westmead Hospital
Sydney, Australia

Perfusion CT has a number of advantages over other
perfusion imaging methods. It is fast and can offer a
one-stop method for evaluation of an ischemic stroke.
However, use of the perfusion CT for the posterior
fossa has been limited due to artifacts caused by the
bony structures. This article by Nagahori et al. is nota-
ble in that they were able to demonstrate significant
delay in perfusion indices in the posterior cerebral
artery (PCA) territory caused by vertebrobasilar ische-
mia. By comparing the differences of the perfusion
indices between the middle cerebral artery and the
PCA territories with the control group, the authors
could show significant delay in the time of appearance
(TA) and time to peak (TTP) in cases with stenosis or
occlusion of the vertebrobasilar system, and in cases
without collaterals from the posterior communicating
artery. These indices reflect the circulatory status of
the affected region from primary and secondary
collaterals, and may have important implications
regarding diagnosis, therapeutic planning and
treatment outcome. The authors have successfully
provided a method for predicting vertebrobasilar
ischemia with perfusion CT. However, the authors
acknowledge the possibility of compounding
hemodynamic effects of the anterior circulation in the
PCA territory through collaterals. The presence of the
posterior communicating artery, its caliber, and also
such secondary collaterals as leptomeningeal
anastomoses, may be factors that could affect the
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results of perfusion indices. This interesting study

should be further scrutinized with a larger study
group.

Dong Ik KM, M.D.*

and Kyu Chang LEg, M.D.

Departments of Diagnostic Radiology*

and Neurosurgery

Yonsei University College of Medicine

Seoul, Republic of Korea

Nagahori and colleagues from Toyama present here a
fascinating study designed to test their hypothesis
that dynamic CT scanning will be of value in predict-
ing posterior circulation occlusive lesions in stroke
patients. The implication of their work is that early
detection and screening of patients with mild sym-
ptoms, using a simple test (dynamic CT), can guide
diagnostics (by angiography) and acute stage treat-
ment (with urokinase or similar methods).

Consideration of the method shows that the ex-
perimental techniques are sound and reproducible.
Eleven patients were studied with five controls. The
study design was excellent and the patients were well-
documented and well followed-up.
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There are three major new findings from this excel-
lent study. The first is that TA and TTP are prolonged
with obstructive posterior circulation vascular le-
sions. The second is that these radiographic changes
are significantly worse in the presence of inadequate
collateral circulation, particularly with unilateral or
bilateral absence of the PCoA. The third major finding
is that there is improvement of TA and TTP values
(shortening) over time as collaterals are recruited, and
most interestingly that this improvement can be
correlated with anatomical improvement, such as
recanalization, in cases where serial angiography was
available.

The study concept was fascinating and the study
has been well-performed. The authors should be
congratulated for documenting a simple test that will
now have great application in predicting which
patients, perhaps with only the mildest of symptoms,
may have posterior circulation vascular lesions that
would warrant rapid and aggressive treatment.

Christopher M. Lortus, M.D., F.A.C.S.
Department of Neurological Surgery

The University of Oklahoma College of Medicine
Oklahoma City, Oklahoma, U.S.A.
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