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Objective : Our retrospective study aimed to determine whether 16-slice computerized tomagraphy (CT) angiography optimized sharp kemel is
suitable for the evaluation of visibility, luminal patency and re-stenosis of intracranial stents in comparison with conventional angiography.
Methods : Fifteen patients with symptomatic intracranial stenotic lesions underwent balloon expandable stent deployment of these lesions (10
middle cerebral arteries, 2 intracranial vertebral arteries, and 3 intracranial internal carotid arteries). CT angiography follow-up ranged from 6 to
15 months (mean follow-up, 8 months) after implantation of intracranial stents and conventional angiography was confirmed within 2 days.
Curved multiplanar reformations with maximal intensity projection (MIP) with optimal window settings for assessment of lumen of intracranial
stents were evaluated for visible lumen diameter, stent patency (contrast distal to the stent as an indirect sign), and re-stenosis by two
experienced radiologists who blinded to the reports from the conventional angiography.

Results : All of stents deployed into symptomatic stenotic lesions. All stents were classified as patent and no re-stenosis, which was correlated
with results of conventional angiography. Parts of the stent lumen could be visualized in all cases. On average, 57% of the stent lumen diameter
was visible using optimized sharp kernel. Significant improvement of lumen visualization {22%, p<0.01) was observed using the optimized sharp
kemel compared with the standard sharp kernel. Inter-observer agreements on the measurement of lumen diameter and density were judged as
good, respectively {p<0.05).

Conclusion : Sixteen-slice CT using the optimized sharp kernel may provide a useful information for evaluation of lumen diameter patency, and
re-stenosis of intracranial stents.
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INTRODUCTION

In coronary, peripheral, and extracranial cerebral circula-
tion, stenting has been shown to increase the safety and
efficacy of balloon angioplasty for the treatment of arterial
lesions®”*Y. More recently; elective stenting of atherosclerotic
intracranial artery stenosis as an alternative treatment mo-
dality has become possible due to the introduction of the
newer, more flexible coronary stents*'*"”. One major pro-
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blem of angioplasty with stenting, however, is the occur-
rence of in-stent restenoses, which may be caused by stent
thrombosis, neointimall growth or inflammation of the
vessel wall with proliferation of the extracellular matrix®.
The method of choice for the detection of restenoses within
stented vessel segments is intra-arterial catheter angio-
graphy'®. This invasive method, however, has the disadvan-
tage of a moderate to high cost and unanticipated, though
rare, serious complications*'>*”, Therefore, a non-invasive
alternative method for assessment of the intracranial sten-
ted vessel would be highly desirable'?. The recent intro-
duction of 16-slice Multislice CT (MSCT) systems has
further improved in spatial and temporal resolution.

In vitro studies, the minimum diameter of stents for relia-
ble differentiation between in-stent restenoses and vessel
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occlusion using CT was 4.0 mm'® and 16-slice MSCT with
a dedicated reconstruction kernel offered improved visuali-
zation of coronary artery stents and facilitated delineation of
in-stent stenosis'”. The purpose of the present study was to
assess lumen visibility, patency and re-stenosis of intra-
cranial stents using 16-slice MSCT with an optimized
reconstruction kernel i vivo.

MATERIALS AND METHODS

Patients

The study population included 15 patients (13 Male, 2
Female, average age 62 years) who had been treated with
intracranial stents implantation between January and Decem-
ber 2004. A total 15 stents of single type were evaluated in 15
patients. Ten stents were located in the middle cerebral
arteries, 2 stents in the intracranial vertebral arteries and 3
stents in the pterocavernous portion of internal carotid artery.
Written informed consent was obtained from all participants.

Computed tomography protocol

Sixteen-slice CT' images were acquired on a sensation 16
(Siemens Medical Solutions, Forchheim, Germany) at 6.2
+1.3 months after intracranial stents placement in all patients
with a detector collimation of 16x0.75 mm and a Table 1
feed of 2.8 mm per rotation. Rotation time was 420 millise-
conds, tube current 370 mAs, and tube voltage 120 Kvp. The
field of view was 100 mm with a 512 x 512 matrix. For con-
trast enhancement, 120 mL of contrast media (Ultravist,
Shering, Germany) were administered intravenously at a flow
rate of 4 mm/sec. Scan delay was determined with an
automatic bolus tracking system. One round region of interest
was placed on common carotid artery. A threshold level of 100
HU was set for starting the scan. Axial images with an effec-
tive slice thickness of 0.75 mm were created with a 0.8-mm
image increment using the optimized sharp kernel (H60f)
and the standard sharp kernel (H31f). Curved multiplanar
reformations with thin (0.8 mm) maximal intensity projec-
tion (MIP) with optimal window settings for assessment of
lumen of intracranial stents were created on workstation.

Evaluation of lumen visibility, patency and in
stent re-stenosis

Stent lumen visibility was interactively evaluated by two
radiologists independently who were unaware of the reports
from the catheter angiographies performed within 2 days after
CT scan and clinical information about patients. The
diameter of proximal vessel lumen to the stent and stent
lumen were measured semi-automatically on largely displayed
work station (Wizard, Siemens Medical Solutions, Forch-

heim, Germany) and the percentage of the vessel diameter
with each optimized sharp kernel (H60f) and the standard
sharp kernel (H31f). The region of interest (ROI) included 5
pixels and was placed in the center of the visible stent lumen
without inclusion of the stent struts and center of the vessel
lumen proximal and distal to stent with optimized sharp
kernel (HG0f). Three densities in stent lumen (proximal,
middle and distal in lumen) were averaged and two ones in
vessel (proximal and distal to stent) were also done. Differences
between the measurements of visible lumen diameter on CT
angiography with the standard sharp kernel (H31f) and
optimized sharp kernel (H60f) were statistically evaluated
using the paired t-test. Inter-observer agreement on the
measurement of visible lumen diameter and density was also
evaluated using the paired t-test.

Stent patency and in stent re-stenosis were assessed with
optimized sharp kernel (H60f) by two radiologists with
consensus. Vessel contrast distal to the stent was recorded for
each stent as an indirect sign of stent patency, and detection of
in-stent restenosis was based on visual assessment.

RESULTS

All CT examinations were completed without adverse
events following contrast media application and without
other complications and the image quality of the stented
vessels were fair to good. Using optimized sharp kernel
(HGOf), the average visible lumen diameter ranged from
48% to 73% (average : 60%) in observer 1, 45% to 73%
(average : 57%) in observer 2, respectively, and using stan-
dard sharp kernel (H31f), the average visible lumen dia-
meter ranged from 24% to 51% (average : 35%) in obser-
ver 1, 25% to 52% (average : 35%) in observer 2, respec-
tively. Using optimized sharp kernel (H60f) for reconstruc-
tion, improvements in lumen visibility were recorded
(average 25%, 22% in observer 1, 2 respectively, p<0.01)
(Fig. 1, 2, 3). Averaged stent lumen densities and vessel
lumen densities were 310, 225 HU and 318, 212 HU in
observer 1, observer 2, respectively. Density of stent lumen
was statistically significant less than that of vessel lumen
(<0.05). Inter-observer agreements on the measurement of

Table 1. Average lumen visibility with different kernels according to the
diameter of the stent

Average Lumen Visibifty with Different Kemels

Stent Diometer (%, observer 1/observer 2)
(roem) HeCr Haf
25 53.6/51.1 31.5/30.3
35 68.5/68.7 48.3/49.5
4 71.3/704 47.8/429

H60f : optimized sharp kernel, H31f : standard sharp kemel
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Fig. 1. A 55-year-old male presented with dysarthria, dizziness, and gait
disturbance. A : Lateral view of the right VA angiogram shows focal severe
stenosis (arrow, about 80%) proximal to the PICA (Posterior Inferior
Cerebellar Artery) origin of right VA. B : Anteroposterior radiographs show the
stent (arrow) during deployment in the stenotic segment of right VA. The used
stent is a 4.0/16 mm-sized, balloon-mounted coronary stent (Flexmaster,
JoMed, Rangendirgen, Gemmany). C : Immediate postprocedural lateral view
of the right VA angiogram reveals nearly nomalized diameter of the diseased
vessel (amow). D : After 6 months, follow-up lateral angiogram shows no in-
stent restenosis. E : Computed tomography angiography with 16 MSCT is
performed at 24 hours after follow-up angiography. Curved axial muttiplanar
reconstruction with standard sharp kemel (H31f) shows about 47% lumen
visibility on the right intracranial vertebral artery. F : Curved axial muttiplanar
reconstruction with optimized sharp kemel (H60f) shows about 71% lumen
visibility on the right intracranial vertebral artery.

lumen diameter and density were judged as good (p<0.05).

In all cases, the vessel part distal to the stent had the
contrast as an indirect sign of stent patency and evaluation
of in-stent restenosis was based on visual estimation. All
cases were confirmed by conventional angiography.

DISCUSSION

Compared with balloon angioplasty, the advantages of
stent-assisted angioplasty include exclusion of the plaque

Fig. 2. A 63-year-old male presented with recurrent TIA of left hemiparesis.
A : Lateral view of the right intemal carotid artery (ICA) angiogram shows
focal severe stenosis (arrow, about 80%) of the right cavemnous ICA
correlating with recurrent TIA symptoms. B : A stent (arrow) is positioned at
the site of the lesion on the lateral view of the right ICA angiogram. The
used stent is a 3.5/19 mm-sized coronary stent (Flexmaster, JoMed). C :
Lateral radiographs show the stent (arrow) during deployment in the
stenotic segment of right cavernous ICA. D : After 5 months, follow-up
lateral angiogram shows no in-stent restenosis. E : Computed tomography
angiography with 16 MSCT is performed at 24 hours after follow-up
angiography. Curved sagittal multiplanar reconstruction with optimized
sharp kernel (H60f) shows about 51% lumen visibility on the petro-
cavemous portion of right ICA. F : Curved sagittal multiplanar reconstruction
with optimized sharp kemel (H60f) shows about 69% lumen visibility on the
petrocavemous portion of right ICA.

and regions of dissection from the vessel lumen, preventon
of vessel recoil and rupture, and improvement of immediate
and long-term patency of the treated lesion*”'”. In the past,
the use of stent placement for intracranial arterial stenosis
was limited by the inability of the stent catheter to track
into the stenotic portion. Recently, however, stenting of intra-
cranial stenosis has been possible with marked advancement
in stent technology; the technical feasibility and clinically
favorable short- and long-term outcomes of stent placement
have been reported in patients with symptomatic intra-
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Fig. 3. A 56-year-old female presented with headache and recurrent TIA of
right hemiparesis. A : Anteroposterior view of the left intemal carotid artery
(ICA) angiogram shows diffuse severe stenosis (arrow, about 85%) on the
M1 portion of the left MCA correlating with recurrent TIA symptoms. B and
C : Anteroposterior radiographs show the stent (arrows) during and after
deployment in the M1 portion. The used stent is a 2.5/12 mm-sized
coronary stent (Flexmaster, JoMed). D : On the post-procedural anteropos-
terior radiograph and angiogram, the MCA has a smooth appearance,
nomalized diameter of the lumen, and preservation of the lenticulostriate
arteries (arrow). E : Computed tomography angiography with 16 MSCT is
performed at the 2nd post-stenting days. Curved axial multiplanar
reconstruction with standard sharp kemel (H30f) shows about 37% lumen
visibility on the M1 portion of the left MCA. F : Curved axial multiplanar
reconstruction with optimized sharp kemel (H60f) shows about 57% lumen
visibility on the M1 portion of the left MCA.

cranial ICA and vertebrobasilar artery (VBA) stenosis™*”.
The method of choice for the detection of restenoses
within stented cerebral vessel segment is intra-arterial cath-
eter angiography, a method that is associated with an
incidence of neurological complications in about 0.5-1.3%
of the patients**”” and an incidence of clinically silent
brain lesions in about 20% of the patients”. Recent in-vitro
studies have shown that CT angiographic evaluation of
small vessel patency after stenting is possible but considera-

bly impaired by artificial lumen narrowing due to artifacts

from the stents struts”.

In previous experimental study on coronary artery stent'”
demonstrated an improvement of stent lumen visualization
and in-stent stenosis detection for 16-slice CT and the
improvement was highly significant using the new dedi-
cated sharp coronary reconstruction kernel on a 16-slice
CT. The convolution kernel had the most significant in-
fluence on the visibility of the lumen of individual stents'".
Although CT coronary angiography is typically performed
using a medium smooth convolution kernel (B30f), a
dedicated convolution kernel (B46f) for visualization of
coronary stents was developed'. In this kernel, the
modulation transfer function was optimized to reduce
blurring that typically occurs close to borders with high
attenuation differences. This effect resulted in a sharper
delineation of each stent. The stent lumen was more clearly
depicted and the attenuation values within the stent lumen
significantly less altered'”. Another factor with major
influence on stent visualization was the scanner hardware.
The 16- detector row MSCT scanner with sub-millimeter
collimation proved superior when compared with the 4-
detector row MSCT scanner with 4 x 1 mm collimation.
The effective slice thickness calculated from the data of the
4-detector row MSCT scanner was 25% thicker when
compared with the data from the 16-detector row MSCT
scanner'",

In our study, we used H60f kernel as the dedicated opti-
mized sharp kernel for better visualization of intracranial
stent lumen and this kernel is almost similar to B60f kernel
for optimized coronary stent. Our result of lumen visualiza-
tion for intracranial stent is supetior to those for coronary
stent and may be because intracranial arteries, such as mid-
dle cranial artery, pterocavernous portion of internal carotid
artery, intracranial vertebral artery are less movable than
coronary artery and the dedicated optimized sharp kernel
could reduce an exaggerated thickening or blooming of the
stent struts, resulting in artificial lumen narrowing of the
stented tubes. Previous i vitro study'™, using the new dedi-
cated sharp coronary reconstruction kernel on a 16-slice
CT, attenuation value of the stent lumen was similar to the
unstented vessel part (250 HU). In our i vivo study, how-
ever, difference of attenuation value between stent lumen
and unstented vessel lumen was statistically significant
(p<0.05). The average range of attenuation value of lumen
was about 212-215 HU and those of proximal unstented
lumen being about 310-318. Although these differences
may be regarded as artifact by beam hardening, further
study should be needed for proof of meaning of these dif-
ferences, such as difference related with in-stent restenoses
in intracranial stents.
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16-slice MSCT angiography may be a useful, noninvasive
modality for evaluation of intracranial stents patency. CT
angiography, however, has limitations on the exact assess-
ment of in-stent lumen including residual stenosis and
restenosis because of its artifacts, partial volume effects, and
low spatial resolution compared with invasive angiography;
especially in cases of presence with calcified plaque. Further
study on these limitations should be followed with recently

developed more 64 slice MSCT.

CONCLUSION

In conclusion, 16-slice CT using the dedicated sharp
kernel for assessment of intracranial stent (H60f) may
provide a useful information for evaluation of patency of
stent and lumen diameter of intracranial stents.
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