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 Purpose: To measure the cerebral autoregulatory status of the brain 
tissue supplied by the individual brain-feeding arteries in 
patients with symptomatic stenosis of the internal carotid 
artery (ICA) by using arterial spin-labeling (ASL) mag-
netic resonance (MR) imaging and to compare this status 
with that in healthy controls.

 Materials and 
Methods: 

Institutional review board approval and informed consent 
were obtained. Twenty-three patients (mean age, 69.3 
years  6  8.0 [standard deviation]) with unilateral symp-
tomatic stenosis of the ICA and 20 healthy controls (mean 
age, 66.8 years  6  6.3 [standard deviation]) underwent 
perfusion and fl ow territory–selective ASL MR imaging 
before and after intravenous administration of acetazol-
amide. Cerebrovascular reactivity was measured through-
out the brain in the gray matter that is supplied by the 
individual ICAs and the basilar artery. Data were analyzed 
with paired and unpaired  t  tests.

 Results: In patients with symptomatic stenosis of the ICA, the fl ow 
territory of the symptomatic ICA was smaller than that of 
the asymptomatic ICA. After administration of acetazol-
amide, a signifi cant increase in cerebral blood fl ow at the 
brain tissue level was measured in both control subjects 
and patients in all perfusion territories. Mean cerebrovas-
cular reactivity values were 35.9%  6  3.0% (standard er-
ror) and 44.6%  6  3.5% (standard error) in the fl ow ter-
ritories of the patients with symptomatic ICAs and those 
with asymptomatic ICAs, respectively, and 47.9%  6  3.1% 
(standard error) in the control subjects. Cerebrovascular 
reactivity was lower in the fl ow territory of the symptom-
atic ICA than in the arteries of control participants (mean 
difference,  2 12.0%; 95% confi dence interval:  2 20.7%, 
 2 3.3%).

 Conclusion: In patients with symptomatic stenosis of the ICA, vasodi-
latory capacity in the fl ow territories of the major cerebral 
arteries can be visualized and quantifi ed at the brain tis-
sue level with ASL MR imaging.

 q  RSNA, 2010

   1   From the Department of Radiology (R.P.H.B., W.P.T.M.M., 
J.H.), Department of Neurology, Rudolf Magnus Institute 
of Neuroscience (H.B.v.d.W.), and Department of Vascular 
Surgery (G.J.d.B.), University Medical Center Utrecht, 
HP E.01.132, Heidelberglaan 100, 3584 CX Utrecht, the 
Netherlands; and Department of Radiology, C.J. Gorter 
Center for High-Field MRI, Leiden University Medical 
Center, Leiden, the Netherlands (M.J.P.v.O.). Received 
July 16, 2009; revision requested September 15; revision 
received November 23; accepted December 11; fi nal 
version accepted January 13, 2010. M.J.P.v.O. supported 
by Technology Foundation STW, Applied Science Division 
of NWO, and Technology Program of Ministry of Economic 
Affairs. H.B.v.d.W. supported by Netherlands Heart Founda-
tion (grant 2007B045). J.H. supported by Netherlands 
Organization for Scientifi c Research (grant 916-76-035). 
 Address correspondence to  R.P.H.B. 
(e-mail:  r.p.h.bokkers@umcutrecht.nl  ) . 

  q  RSNA, 2010 



202 radiology.rsna.org n Radiology: Volume 256: Number 1—July 2010

 NEURORADIOLOGY:  Cerebral Autoregulation Impairment Measurement Bokkers et al

tomatic unilateral stenosis of the ICA 
( � 50% blockage) referred to the De-
partment of Radiology at the University 
Medical Center Utrecht for diagnosis 
and grading of the stenosis were pro-
spectively included in our study between 
January 2008 and February 2009. All pa-
tients had sustained a transient ischemic 
attack or nondisabling ischemic stroke 
ipsilateral to the stenosis of the ICA. Pa-
tients were excluded from the study if 
they had diabetes mellitus ( n  = 7), had 
severe renal ( n  = 3) or hepatic ( n  = 2) 
dysfunction, or had experienced a severe 
stroke causing major disability (score of 
3–5 on the modifi ed Rankin scale;  n  = 6) 
( 24 ). Stenosis of the ICA was graded 
with duplex ultrasonography. The con-
trol group consisted of 20 healthy volun-
teers (12 men and 8 women; mean age, 
66.8 years  6  6.3 [standard deviation]). 
All control participants were recruited 
through local media advertisements and 
had no history of neurologic disease or 
vascular abnormality at MR imaging or 
MR angiography of the brain. 

 MR Imaging 
 All MR imaging investigations were per-
formed with a 3-T MR imager (Achieva; 
Philips Medical Systems, Best, the 
Netherlands) equipped with an eight-
channel head coil and locally developed 
software to enable ASL MR imaging. 

in the perfusion territories of these ar-
teries ( 15,16 ); such a shift would make 
it diffi cult to measure vasodilatory ca-
pacity in the complete territory of an 
individual artery. 

 Arterial spin labeling (ASL) is an 
MR imaging technique for measuring 
cerebral blood fl ow (CBF) at the brain 
tissue level. It uses radiofrequency pulses 
to noninvasively label water protons 
in blood ( 17–19 ). In conjunction with 
a vascular challenge, ASL MR imaging 
can be used to measure the vasodila-
tory capacity throughout the brain at 
high spatial resolution ( 20,21 ). Further-
more, with the recent introduction of 
fl ow territory–selective ASL techniques, 
it is also possible to visualize the perfu-
sion territories of the individual brain-
feeding arteries ( 22,23 ). By combin-
ing quantitative perfusion with fl ow 
territory–selective ASL, it is possible to 
simultaneously assess both the cerebral 
hemodynamic status at the brain tissue 
level and the fl ow territories of the ma-
jor brain-feeding arteries. 

 The aim of our study was to mea-
sure the cerebral autoregulatory status 
of the brain tissue supplied by the indi-
vidual brain-feeding arteries in patients 
with symptomatic stenosis of the inter-
nal carotid artery (ICA) by using ASL 
MR imaging and to compare this status 
with that in healthy controls. 

 Materials and Methods 

 The study was approved by the institu-
tional ethical review board, and written 
informed consent was obtained from all 
participants. 

 Subjects 
 Twenty-three patients (13 men and 10 
women; mean age, 69.3 years  6  8.0 
[standard deviation]) with recently symp-

             Patients with symptomatic stenoses 
of the carotid artery have a high 
risk for ischemic stroke ( 1,2 ). In 

these patients, impairment of the vaso-
dilatory capacity of the cerebral vascu-
lature is an important measure of the 
degree of hemodynamic compromise ( 3 ). 
Autoregulatory vaso dilatation of the ter-
minal arterioles sustains normal perfu-
sion by reducing the vascular resistance 
to arterial infl ow ( 4,5 ). In patients with 
a recent cerebral ischemic event, the 
vasodilatory capacity, or cerebrovas-
cular reactivity, is reduced compared 
with that in patients without symptoms 
( 6 ). Ischemic events occur more fre-
quently in patients with both high-grade 
stenoses and impaired cerebrovascular 
reactivity than in those with high-grade 
stenosis but normal reactivity ( 7–11 ). 

 There are two basic strategies for 
measuring cerebral vasodilatory capac-
ity. In the fi rst strategy, fl ow velocity in 
a major cerebral artery is measured be-
fore and after administration of a vaso-
dilatory stimulus. The increase in blood 
fl ow refl ects the dilatory capacity of the 
vasculature distal to the artery ( 12 ). 
The second strategy measures cerebral 
perfusion at the brain tissue level before 
and after a vasodilatory challenge with 
techniques such as positron emission 
tomography (PET), computed tomogra-
phy, single photon emission computed 
tomography, or dynamic susceptibility 
contrast–enhanced magnetic resonance 
(MR) imaging ( 13,14 ). A disadvantage 
of these imaging methods is that they 
are invasive and require ionizing radia-
tion or contrast agents. Furthermore, 
a steno-occlusive lesion in one of the 
brain-feeding arteries may lead to a shift 

 Implication for Patient Care 

 With further testing and valida- n

tion, reactivity measurements 
with ASL MR imaging may be 
used as a diagnostic tool in 
patients with symptomatic steno-
sis of the ICA to evaluate cere-
bral autoregulation. 

 Advances in Knowledge 

 In patients with symptomatic  n

stenosis of the internal carotid 
artery (ICA), decreased vasodila-
tory capacity was measured with 
arterial spin-labeling (ASL) MR 
imaging in the brain tissue sup-
plied by the symptomatic ICA. 

 The fl ow territory of the symp- n

tomatic ICA was smaller than 
that of the contralateral asymp-
tomatic ICA. 
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placement of the regions of interest 
throughout all sections, three prepro-
cessing steps were performed ( Fig 1  ). 
First, a surrogate T1-weighted image 
was calculated from the inversion-
recovery sequence by calculating the 
reciprocal of the quantitative T1 and 
subsequently segmented with SPM5 
software into gray and white matter 
probability maps. Thresholding was ap-
plied to avoid partial voluming of white 
and gray matter. Second, the fl ow ter-
ritories of the participants’ ICAs and 
basilar artery were defi ned. This was 
done by manually segmenting the per-
fusion territories of the individual 
arteries, as determined with the fl ow 
territory–selective ASL sequence with 
the clustering algorithm. On all 17 sections, 
the fl ow territory border of the regional 
perfusion image was delineated by 
one observer (R.P.B., with 4 years of 
MR imaging experience), as shown in 
  Figure 1 . The fi nal step was to combine 
the gray matter mask and fl ow territory 
masks. Areas of hyperintensity on the 
fl uid-attenuated inversion-recovery MR 
images, depicting areas of infarction, 
were manually excluded from the re-
gion of interest. To correct for motion, 
all images obtained before and after 
administration of acetazolamide were 
coregistered with the SPM5 software to 
the baseline CBF map by using a least-
squares approach and a six-parameter 
(rigid body) spatial transformation. 

 Flow territory maps of the indi-
vidual brain-feeding arteries in the 
patients with stenosis of the ICA and 
healthy control participants were pro-
duced by normalizing the selective 
ASL images with SPM5 software to a 
standardized PET brain template. The 
segmentations of the fl ow territories 
were then pooled and projected onto 
a standardized T1-weighted anatomic 
image. The combined fl ow territory 
maps were color-coded to produce 
probability maps: 100% indicated that 
all participants demonstrated perfu-
sion in that area of the brain and 0% 
indicated that no participant dem-
onstrated perfusion in that region. 
The fl ow territory maps of patients 
with stenosis of the right ICA were 
mirrored in the midline, whereas fl ow 

labeling varied in right-to-left direction 
(distance of 50 mm between full label 
and control situation), labeling varied 
in anteroposterior direction (distance 
of 18 mm between full label and con-
trol situation), and labeling varied in 
a different anteroposterior direction 
(shifted 9 mm in posterior direction 
compared with the previous dynamic). 
The fl ow territories of the left ICA, the 
right ICA, and the basilar artery were 
identifi ed with k-means clustering ( 31 ). 
An inversion-recovery sequence was 
acquired to measure the magnetization 
of arterial blood and for segmentation 
purposes. Both the fl ow territory–selective 
ASL and inversion-recovery images 
were acquired with the same geometric 
variables and resolution as the quantita-
tive perfusion ASL images. T2-weighted 
fl uid-attenuated inversion-recovery im-
ages were acquired for detecting areas 
with tissue infarction by using the fol-
lowing variables: 11000/125; inversion 
time, 2800 msec; matrix size, 240  3  
240 with 24 sections; and section thick-
ness, 2 mm. 

 Data Analysis 
 Data were analyzed with Matlab (ver-
sion 7.5; MathWorks, Natick, Mass), 
and SPM5 (Wellcome Trust Centre for 
Neuroimaging, Oxford, England). 

 CBF (with units of mL · 100 mL  2 1  · 
min  2 1 ) was calculated from the ASL MR 
images according to a previously pub-
lished model ( 32 ). The T2* of arterial 
blood and T1 of blood were assumed 
to be 50 and 1680 msec, respectively 
( 33,34 ). The water content of blood 
was assumed to be 0.76 mL per mil-
liliter of arterial blood ( 35 ). The mean 
resting magnetization of the blood in all 
volunteers was determined by selecting 
a region of interest in the cerebrospinal 
fl uid and iteratively fi tting the inversion-
recovery data according to a previously 
outlined procedure ( 35 ). 

 Cerebrovascular reactivity was de-
fi ned as the percentage of increase in 
CBF after administration of acetazol-
amide. The CBF of the white and the 
gray matter of the individual perfusion 
territories of the ICAs and basilar ar-
tery were measured before and after 
acetazolamide administration. For the 

Both patients and volunteers underwent 
ASL perfusion MR imaging before and 
15 minutes after intravenous adminis-
tration of 14 mg per kilogram of body 
weight of acetazolamide (Goldshield 
Pharmaceuticals, Croydon Surrey, United 
Kingdom). A T1-weighted spin-echo 
sequence was obtained in the sagittal 
plane for positioning of the imaging sec-
tion. Perfusion imaging was performed 
with a pseudocontinuous ASL sequence 
( 25 ). Labeling was performed by using a 
train of 18°, 0.5 msec, Hanning-shaped 
radiofrequency pulses at an interpulse 
pause of 0.5 msec, for a duration of 
1650 msec, in combination with a bal-
anced gradient scheme ( 26,27 ). The 
control studies, which were done without 
labeling of arterial blood, were achieved 
by adding 180° to the phase of all even 
radiofrequency pulses. 

 Imaging was performed with single-
shot echo planar imaging in combina-
tion with parallel imaging (MR imaging 
with sensitivity encoding factor, 2.5) 
1525 msec after the labeling stopped. 
ASL MR imaging was performed in 
combination with background sup-
pression, which consisted of a satura-
tion pulse immediately before label-
ing and inversion pulses at 1680 and 
2830 msec after the saturation pulse 
( 28 ). The perfusion images, consisting 
of 17 7-mm sections aligned parallel to 
the orbitomeatal angle, were acquired 
in ascending fashion with an in-plane 
resolution of 3  3  3 mm. The other ASL 
MR imaging variables were as follows: 
repetition time msec/echo time msec, 
4000/14; pairs of control per label, 
38; fi eld of view, 240  3  240  3  119 mm; 
matrix, 80  3  79; and scanning time, 
5 minutes. 

 To determine the fl ow territories 
of the ICAs and the basilar artery, fl ow 
territory–specifi c perfusion images 
were acquired with selective ASL ac-
cording to a previously published pro-
tocol ( 29,30 ). Selective labeling was 
accomplished by spatial manipulation 
of the labeling effi ciency within the 
labeling plane by applying additional 
gradients between the labeling pulses 
in sets of fi ve dynamics: no labeling ap-
plied (control), nonselective labeling 
applied (globally perfusion weighted), 
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(paired  t  test), values for both arter-
ies were averaged for analysis. When 
patients were compared with controls, 
the data for controls were represented 
for each participant as the average be-
tween the hemispheres. Voxel-based 
 x  2  testing with Bonferroni correction 
(corrected for the number of brain 
voxels in the fl ow territory sections) 
was performed to analyze differences 
in the extent of the fl ow territories 
between the symptomatic and asymp-
tomatic ICA in patients and control 
participants. Values are expressed as 
means  6  standard errors unless other-
wise specifi ed. 

 Results 

 The demographic and clinical character-
istics of the participants are outlined in 
 Table 1  .  Figure 2   shows CBF maps before 
and after acetazolamide administration 
in a 69-year-old man with symptom-
atic stenosis of the right ICA.  Figure 3   
shows the segmented fl ow territory 
maps of the ICAs and the basilar artery, 
projected on a standardized brain tem-
plate, for all patients with symptomatic 
stenosis of the ICA and for the healthy 
control participants. The fl ow territory 
of the stenosed ICA was signifi cantly 
smaller than that in the healthy control 
participants. No changes in fl ow territory, 
indicative of intracranial steal, were 
observed after administration of aceta-
zolamide in the patients with symptom-
atic stenosis of the ICA. 

 The fl ow territories of the symptom-
atic ICAs were signifi cantly smaller than 
those of the asymptomatic ICAs and of 
the ICAs in control participants.  Table 2  
summarizes the CBF values before and 
after administration of acetazolamide in 
the fl ow territories of the ICAs ipsilateral 
and contralateral to the symptomatic 
stenosis and of the basilar artery. There 
was a signifi cant ( P   ,  .01) increase in 
CBF at the brain tissue level in all perfu-
sion territories in both healthy control 
participants and patients. In all fl ow 
territories, CBF was lower in patients 
than in the control group, but reduced 
cerebrovascular reactivity as compared 
with controls was observed only in the 
territory of the symptomatic ICA (mean 

symptomatic and of the contralateral 
asymptomatic ICA were assessed by 
using a paired  t  test. To compare the 
CBF and cerebrovascular reactivity 
measurements in the hemispheres ipsi-
lateral and contralateral to the stenosis 
of the ICA with those values in the con-
trol group, an unpaired  t  test was used. 
Values were considered signifi cantly 
different if the 95% confi dence interval 
(CI) did not include zero ( 36 ). Because 
no differences were found in CBF or 
cerebrovascular reactivity between the 
left and right ICAs in the control group 

territory maps of patients with left-
sided stenosis remained unchanged. 
All images were displayed in radiologic 
coordinates. 

 We used SPSS (version 15.0.1; 
SPSS, Chicago, Ill) and Matlab soft-
ware for statistical analysis. Descrip-
tive statistical analyses were performed 
to summarize patient characteristics. 
Differences between measurements of 
CBF obtained before and after admin-
istration of acetazolamide and between 
the measurements of cerebrovascular 
reactivity of the fl ow territory of the 

Figure 1

 

    Figure 1:  Pictorial description 
of postprocessing steps shows 
two of 17 sections obtained in a 
56-year-old woman. First shown 
are transverse CBF maps before 
 (CBF pre)  and after  (CBF post)  
administration of acetazolamide, 
respectively (4000/14; fl ip angle, 
90°; 7-mm sections). Selective 
ASL images  (Selective)  show 
perfusion territory of right ICA 
(red), left ICA (blue), and basilar 
artery (green). T1-weighted 
image (2600/14; fl ip angle, 90°; 
7-mm sections) was segmented 
into a gray matter probability 
map. By combining the gray 
matter map with cerebral fl ow 
territory information from the 
selective ASL image, a gray mat-
ter mask was obtained of both 
ICAs and the basilar artery.  
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difference,  2 12.0%; 95% CI:  2 20.7%, 
 2 3.3%). In the perfusion territory of 
the symptomatic ICA, the cerebrovascu-
lar reactivity was nonsignifi cantly lower 
in the six patients who had experienced 
stroke (34.8%  6  15.5) than in the 13 pa-
tients who had experienced a transient 
ischemic attack (36.6%  6  15.8; mean 
difference, 1.8% [95% CI:  2 14.6%, 
18.2%]) or the four patients with amau-
rosis fugax (35.3%  6  10.0; mean differ-
ence, 0.5% [95% CI:  2 20.0%, 20.9%). 
Cerebrovascular reactivity was lower 
( P   ,  .01) in the fl ow territory of the 
symptomatic ICA than in the contralat-
eral asymptomatic ICA (mean difference, 
 2 8.7%; 95% CI:  2 12.5%,  2 4.8%). No 
difference in reactivity was observed 
between the asymptomatic ICA and the 
arteries of the healthy control partici-
pants (mean difference, 4.7%; 95% CI: 
 2 12.9%, 6.3%). 

 Discussion 

 In the present study, we were able to 
assess the hemodynamic status in the 
individual fl ow territories of the major 
brain-feeding arteries. Patients with 
symptomatic stenosis of the ICA had 
decreased cerebral vasodilatory capac-
ity, as measured with ASL MR imag-
ing in the brain tissue supplied by the 
symptomatic ICA, when compared 
with the contralateral ICA and arter-
ies in healthy control participants. 
We also found that the fl ow territory 
of the symptomatic ICA was smaller 
than that of the asymptomatic contral-
ateral ICA. 

 Our results are in line with those of 
studies that have investigated reactivity 
by measuring the increase in fl ow velocity 
with transcranial Doppler in the major 
cerebral arteries ( 37–39 ) and with stud-
ies that assessed reactivity at the brain 
tissue level in patients with symptomatic 
stenosis of the carotid artery ( 40–42 ). 
In those studies, regions of interest 
were selected on the basis of traditional 
fl ow territory maps. However, a steno-
occlusive lesion in the ICA can lead to a 
considerable shift in the fl ow territories 
of the brain-feeding arteries ( 43 ). This 
shift affects the reliability of these maps. 
The only cerebrovascular reactivity 

 Table 1 

 Demographic and Clinical Characteristics of the Study Population 

Characteristic Healthy Control Subjects ( n  = 20) Patients ( n  = 23)

Male * 12 (60) 13 (57)
Age (y)  †  66.8  6  6.3 69.3  6  8.0
 Men (y)  †  67.6  6  6.2 69.1  6  7.5
 Women (y)  †  66.9  6  6.3 69.6  6  9.0
Degree of symptomatic ICA stenosis
 0%–49% 20 0
 50%–69% 0 2
 70%–99% 0 21
 Occluded 0 0
Reason for presentation
 Transient ischemic attack 0 13
 Ischemic stroke 0 6
 Amaurosis fugax 0 4

Note.—Unless otherwise specifi ed, data are numbers of patients.

* Data in parentheses are percentages.

 †  Data are means  6  standard deviations.

 Figure 2 

  

  Figure 2:  Axial CBF 
maps (scale units 
of mL · 100 mL  2 1  · 
min  2 1 ) (4000/14; fl ip 
angle, 90°; 7-mm 
sections) before  (CBF 
pre)  and after  (CBF 
post)  administration 
of acetazolamide in a 
69-year-old man with 
symptomatic stenosis of 
the right ICA. Decreased 
CBF and decreased 
cerebrovascular 
reactivity (scale units 
of percentage 
CBF increase) can be 
appreciated, especially 
in the top sections, in 
the fl ow territory of the 
affected right ICA. 
For selective ASL im-
age, green  5  right ICA 
territory, blue  5  left ICA 
territory, red  5  basilar 
artery territory;  FLAIR 
image   5  fl uid-attenu-
ated inversion-recovery 
MR image.   
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( 20 ). In 12 patients with a symptom-
atic, anterior circulation, large artery 
stenosis, cerebrovascular reactivity was 
measured by using a continuous ASL 
approach at 1.5 T. Changes in CBF 
after administration of acetazolamide 
varied from focal and diffuse vasodila-
tory failure to normal autoregulation. In 
the present study, we included a healthy 
control group to avoid potential effects 
of generalized atherosclerosis. Further-
more, at 3 T, ASL MR imaging benefi ts 
from an increased T1 decay and higher 
signal-to-noise ratio relative to 1.5-T im-
aging. With the introduction of pseudo-
continuous labeling schemes and back-
ground suppression, the quality of ASL 
images has improved substantially. This 
improvement is of special importance 
for reactivity measurements when dif-
ferences in perfusion before and after a 
challenge are measured. 

 The decision to perform carotid 
endarterectomy or stenting in patients 
with carotid artery stenosis does not 
depend on the presence and severity 
of cerebral hemodynamic impairment 
( 44 ). Guidelines for the treatment of 
carotid stenosis are based primarily on 
large randomized clinical trials in which 

at the brain tissue level and simultane-
ously visualize the perfusion territories 
of the major brain-feeding arteries. Our 
fi nding of a smaller fl ow territory of the 
ICA that is ipsilateral to the stenosis 
indicates that the affected hemisphere 
is supplied with blood through collat-
erals from the contralateral ICA and 
vertebrobasilar arteries. 

 One study has assessed cerebrovas-
cular reactivity with ASL MR imaging in 
patients with cerebrovascular disease 

studies that have assessed the autoregu-
latory status of the efferent vasculature 
of the stenosed carotid are those with 
transcranial Doppler imaging ( 37–39 ). 
A disadvantage of this technique is that 
it measures the global increase in blood 
fl ow velocity in a major cerebral artery 
and does not assess perfusion changes 
at the tissue level. By combining quan-
titative perfusion with fl ow territory–
selective ASL, we were able to nonin-
vasively assess the hemodynamic status 

 Figure 3 

  
  Figure 3:  Axial perfusion territory maps projected on a standardized brain template for right ICA, left ICA, and basilar artery in  (a)  healthy control participants 
( n  = 20) and  (b)  patients with symptomatic ICA stenosis ( n  = 23). Scale indicates percentage of individuals in that group who had perfusion in that area.   

 Table 2 

 CBF before and after Acetazolamide Administration and Reactivity 

CBF (mL · 100 mL  2 1  · min  2 1 )

Group and Artery Before Acetazolamide After Acetazolamide Reactivity (%)

Healthy control subjects
 ICA 52.2  6  1.8 77.4  6  3.2 * 47.9  6  3.1
 Basilar artery 48.7  6  2.6 82.6  6  4.8 * 69.9  6  4.8
Patients
 Symptomatic ICA 44.7  6  1.9 60.9  6  3.0 * 35.9  6  3.0  †‡  
 Asymptomatic ICA 43.1  6  2.4 61.5  6  3.1 * 44.6  6  3.5
 Basilar artery 42.9  6  2.5 66.5  6  3.7 * 56.7  6  3.9

Note.—Data are means  6  standard errors.

* Signifi cant increase in CBF after administration of acetazolamide (paired  t  test).

 †  Signifi cant difference in cerebrovascular reactivity between patients and control subjects (paired  t  test).

 ‡  Signifi cant difference in cerebrovascular reactivity between symptomatic and asymptomatic ICA fl ow territories (paired  t  test).
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