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Summary: We describe the use of a CT-based method of
cerebral perfusion imaging, dynamic CT perfusion imag-
ing, for the pre- and postprocedural assessment of cerebral
blood flow in a patient with symptomatic middle cerebral
artery occlusive disease who underwent balloon angioplasty
with stent placement in the affected artery. Dynamic CT
perfusion imaging represents a widely available and mini-
mally invasive alternative to other available methods of
cerebral perfusion imaging.

For patients with symptomatic cerebrovascular oc-
clusive disease, perfusion imaging is often performed
to select those patients who are likely to benefit from
interventions designed to increase blood flow (1–4).
However, many methods of perfusion imaging (such
as positron emission tomography [PET] and xenon-
enhanced CT) are not widely available outside large
centers. Recently, a new method of cerebral perfusion
imaging, dynamic CT perfusion imaging, was developed
that uses equipment available in most radiology depart-
ments (5, 6). We report use of dynamic CT perfusion
imaging with a pharmacologic vasodilative challenge for
pre- and postprocedural evaluation of a patient with
middle cerebral artery (MCA) occlusive disease. To our
knowledge, the methods and findings we report have
not been previously described in the literature.

Case Report
A 53-year-old man with history of stroke in the territory

of the left MCA and recurrent episodes consisting of dizzi-
ness and right-sided numbness presented for an evaluation
of his symptoms. Cerebral digital subtraction angiography
revealed nearly complete obstruction of the proximal left
MCA (Fig 1A).

Dynamic CT perfusion imaging was performed in the trans-
verse plane with use of a multi–detector row CT scanner
(Lightspeed; GE Medical Systems, Milwaukee, WI) to assess

the hemodynamic status of the MCA territory in anticipation of
MCA angioplasty. Two noncontiguous locations were selected
for study: a lower location at the level of the basal ganglia and
an upper location at the level of the lateral ventricles. At each
location, a 2-cm-thick slab oriented in the transverse plane was
defined and divided into four 5-mm-thick contiguous trans-
verse sections, yielding a total of eight 5-mm sections, which
were studied once before intravenous infusion of 1000 mg of
acetazolamide (Diamox; Wyeth, Marietta, PA) and again 20
minutes after the infusion of acetazolamide. Because study of
the upper and the lower locations had to be done separately, a
total of four acquisitions of data were performed. For each of
the four acquisitions, 40 mL of nonionic iodinated contrast mate-
rial (Isovue 370; Bracco Diagnostics,) was infused at 4 mL/s over
10 seconds through an 18-gauge antecubital catheter. Scanning
began 5 seconds after the start of the infusion of contrast material
and continued for 45 seconds. A continuous (cine) mode of
acquisition (1 second per revolution) was used at each location
with no table motion during data acquisition. X-ray generation
was performed with use of 80 kVp and 200 mA.

Data were retrospectively reconstructed at 0.5-second inter-
vals and transferred to an imaging workstation (Advantage
Windows, GE Medical Systems) operating commercial soft-
ware designed for analysis of CT perfusion imaging data (CT
Perfusion, GE Medical Systems). The deconvolution-based al-
gorithm in this software was chosen because it is thought to be
more accurate than other available methods of analysis (5).

For each of the eight sections studied, an experienced neu-
roradiologist (J.D.E.) created hand-drawn regions of interest
(ROIs) on a reference CT image from the cine data set over the
cortical gray matter of the expected territory of the MCAs
bilaterally, taking care to exclude large cortical blood vessels.
Maps of the cerebral blood flow (CBF) were then created with
the ROIs in place. The area and mean CBF value contained
within each ROI were recorded. To compare the two hemi-
spheres, mean CBF values on the right and on the left for all
eight sections were computed by weighting the perfusion pa-
rameter values measured on each section by the areas of the
ROIs that contained them.

On the preprocedural CT perfusion images, the mean value
of cortical CBF measured in the right (normal) hemisphere was
66.4 mL/100 g/min before acetazolamide and 74.7 mL/100
g/min after acetazolamide. The mean value of cortical CBF in
the left (affected) hemisphere was 40.7 mL/100 g/min before
acetazolamide and 31.4 mL/100 g/min after acetazolamide.
Maps of CBF before and after acetazolamide are shown in
Figure 1C and D.

Because the results of the initial CT perfusion study were
taken as evidence that severe hemodynamic impairment was
present in the left MCA territory, the patient was provided with
options for treatment, including angioplasty and stent place-
ment in the left MCA. Twenty days later, the patient under-
went percutaneous transluminal angioplasty of the left MCA
with use of a 1.5 � 10-mm CrossSail balloon catheter (Guidant,
Temecula, CA) and placement of a 2.5 � 9-mm AVE S660 wire
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mesh stent (Medtronic AVE, Santa Rosa, CA) across the
region of prior stenosis, without complication (Fig 1B). One
day after intervention, repeat CT perfusion imaging was per-
formed by using the same protocol as the that of the prepro-
cedural perfusion study.

The repeat CT perfusion study after intervention showed
that cortical CBF in the right hemisphere was 48.9 mL/100
g/min before acetazolamide and was 54.4 mL/100 g/min after
acetazolamide. The mean value of cortical CBF in the left
hemisphere was 47.3 mL/100 g/min before acetazolamide and
51.3 mL/100 g/min after acetazolamide. The postprocedural
CBF map is shown in Fig 1E. The patient had no recurrence of
symptoms during the 6 months after the procedure.

Discussion
Occlusive disease of cerebral blood vessels may

result in symptoms such as stroke and transient isch-
emic attack (1–4). Prevention of further symptoms is
the goal of therapy, although the optimal therapy for an
individual patient (eg, anticoagulant therapy vs inter-
vention designed to increase CBF) is frequently not
known. Thus, selection of patients who are most likely
to benefit from therapeutic interventions such as angio-
plasty and stent placement is an important goal.

Most of the methods available for quantitative as-

FIG 1. Images in a 53-year-old man with episodes of right-sided numbness.
A, Digital subtraction angiogram in the left anterior oblique projection following injection of the left internal carotid artery shows severe

narrowing and irregularity of the left MCA (arrows).
B, Digital subtraction angiogram following angioplasty and stent placement in the left MCA shows a nearly normal caliber and

appearance to the proximal left MCA (arrows).
C, Preprocedural CBF map before acetazolamide infusion shows decreased blood flow in the left hemisphere represented as

extensive areas displayed as blue (arrow).
D, Preprocedural CBF map obtained 20 minutes after infusion of acetazolamide, with use of the same section location and display

parameters as those in C. Despite appropriate response on the right, no increase in CBF is apparent in the left hemisphere. Instead,
additional decrease in CBF can be seen in areas such as the basal ganglia (arrowhead) and frontal lobe (arrows). By using ROI analysis,
an inappropriate (ie, paradoxical) decrease in mean cortical CBF values of 23% was measured on the left and was interpreted as
evidence of severe hemodynamic impairment.

E, Postprocedural CBF map before infusion of acetazolamide shows greatly improved blood flow in the left hemisphere compared
with that seen in C and D. Appropriate increases in mean cortical CBF values were measured in both hemispheres after repeat
acetazolamide challenge (not shown).
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sessment of cerebral hemodynamic function, such as
PET and xenon-enhanced CT, are available only at
large centers that have specialized equipment. MR
perfusion imaging can also be used to assess cerebral
hemodyamics, but it requires specialized hardware
(rapid imaging gradients and MR-compatible con-
trast material injectors) that may not routinely be
available. A quantitative perfusion imaging method
that uses equipment presently existing in most radi-
ology departments would, therefore, be valuable.

Slip-ring design CT scanners (the type of scanners
used to perform dynamic CT perfusion imaging stud-
ies) are available in most radiology departments. Dy-
namic CT perfusion studies are also rapid, typically
taking fewer than 15 minutes to perform (including
the acquisition of setup and scout views) and fewer
than 10 minutes to analyze. Another advantage of
dynamic CT perfusion imaging compared with other
available methods of perfusion imaging is that it can
be performed rapidly in conjunction with nonen-
hanced CT, which is typically performed in the emer-
gency evaluation of patients with acute stroke.

Published studies (5, 6) have described the use of
dynamic CT perfusion imaging in the assessment of
patients with acute stroke and those with vasospasm
related to subarachnoid hemorrhage. However, we
are unaware of published reports that describe the
use of this method for preprocedural assessment of
patients with chronic cerebrovascular insufficiency.
We are also unaware of published reports of the use
of dynamic CT perfusion imaging in association with
a pharacologic challenge (acetazolamide challenge).

Large cortical blood vessels were excluded from the
ROIs drawn in this study because it was assumed that
inclusion of large blood vessels would decrease accu-
racy. In our experience, CBF measurements per-
formed with use of ROIs that include large blood
vessels are more highly variable than those that do
not include large blood vessels.

The infusion of acetazolamide, a potent inhibitor of
the enzyme carbonic anhydrase, has been used for
more than a decade for the evaluation of cerebral he-
modynamics (1, 7). Although its precise mechanism of
action is not known with certainty, acetazolamide infu-
sion increases CBF by causing vasodilation of cerebral
arterioles (8). However, in the setting of decreased
perfusion pressure (eg, due to vascular occlusion), ce-
rebral arterioles may already be dilated, owing to au-
toregulation of blood flow. Thus, further dilation of
cerebral arterioles in response to acetazolamide may
not occur. Possible abnormal responses in this situa-
tion may include a less than expected increase in
blood flow or a paradoxical decrease in blood flow
(likely due to shunting of blood away from the under-
perfused region [ie, steal phenomenon]) (2).

Adverse responses to infusion of acetazolamide are
rare. The most common symptom associated with the
infusion of acetazolamide is transient perioral tingling
or numbness. A case of transient neurologic deficit

associated with acetazolamide infusion has been re-
ported (9).

For the patient described in the present study, the
preprocedural CT perfusion study provided evidence
of hemodynamic impairment in the territory of the
left MCA. The CT study performed before acetazol-
amide infusion showed decreased relative CBF on the
affected side, with a further decrease in relative CBF
seen on the CT study after acetazolamide. On the
basis of the preprocedural study, it was concluded
that vasodilative reserve was substantially impaired
(placing the patient at increased risk of stroke) and
that intervention was warranted.

After angioplasty and stent placement in the left
MCA, the CT perfusion study obtained before acet-
azolamide infusion showed improvement in CBF in
the left hemisphere, and the CT study obtained after
acetazolamide showed normal hemodynamic re-
sponse. Both findings were interpreted to be desired
responses to therapy.

Conclusion
We describe the use of dynamic CT perfusion imag-

ing, in combination with a pharmacologic vasodilative
challenge, for the assessment of cerebral hemodynamics
before intervention to increase CBF. Dynamic CT per-
fusion imaging is already a highly promising technique
for the emergency evaluation of patients with acute
stroke. As this report indicates, this technique may also
offer a convenient and widely available alternative to
other perfusion imaging modalities for determining
need for, and results of, therapy.
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