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English Abstract

Background and purpose: Stenting has
been an alternative treatment for patients with
internal carotid artery (ICA) stenosis.
Color-coded duplex sonography (CDS) is not
only able to accurately measure stenosis, also
convenient for follow-up of these patients.
The purpose of this study was to evaluate the
hemodynamics by means of CDS before and
after ICA stenting.
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Methods: A total of 33 patients (6 women,
27 men, average age of 73.2 years) with
severe ICA stenosis were included. Three
patients received bilateral ICA stenting. A
total of 36 ICAs were stented. CDS was
performed before and after stenting in all
patients. Some CDS parameters were applied
to evaluate the severity of the ICA stenosis
before and after stenting. Included were the
ICA flow pattern, the ICA peak systolic
velocity, ICA to common carotid artery
(CCA) velocity ratio, the residual diameter of
the ICA, the residual area of the ICA, the
flow direction of the ophthalmic artery, and
the total flow amount of both vertebral
arteries. The CDS parameters before and
after ICA stenting were compared.

Results: Of these CDS parameters applied
to evaluate the effect of stenting on ICA
stenosis, the ICA flow pattern, residual
diameter, peak systolic velocity, and ICA to
CCA velocity ratio were altered significantly.
Recovery of the turbulent flow pattern to the
laminar flow pattern was observed in nearly
all ICAs (35 of 36) after stenting. The mean
residual diameter of the ICA was increased
from the pre-stenting (3.02+0.92 mm) to the
post-stenting (3.94+0.85) significantly, but
the area reduction change was borderline
significance. The ICA peak systolic velocity
(pre-stenting, 2.39+1.04 m/sec; post-stenting,
0.66+0.26 m/sec; p<0.0005) and the ICA to
CCA velocity ratio (pre-stenting, 4.94+3.28;
post-stenting, 1.02+0.43 m/sec; p<0.0005)
were decreased significantly. The change of
the vertebral arteries flow amount after ICA
stenting was not prominent.



Conclusions: According to this study,
CDS was able to clearly demonstrate the
hemodynamic changes before and after ICA
stenting. The CDS parameters of the ICA
flow pattern, ICA residual diameter, ICA
peak systolic velocity, and ICA to CCA
velocity ratio may be suitable for evaluating
the effect of stenting on the hemodynamics of
the stenotic ICA.
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Subjects and Methods

A total of 33 patients (6 women and 27
men, average age, 73.2 years; age range, 61
to 86 years) with severe ICA stenosis were
included in this study. These patients were
diagnosed and treated with angioplasty and
carotid stenting at the National Taiwan
University Hospital. CDS was applied to
evaluate the hemodynamic status before and
after ICA stenting. For better understanding
the acute hemodynamic effect of ICA stenting,
the period between stenting procedure and
the first post-operative sonographic
examination must not be more than 60 days.
The socio-demographics, clinical
manifestations, and the results of laboratory
examinations were all recorded and analyzed.
The severity of ICA stenosis was judged by
both CDS and carotid angiography. In CDS,
severe stenosis was defined as the peak
systolic velocity of the ICA more than 1.25
m/sec or reduced peak systolic velocity with
high resistant trickle flow’. Angiographically,
severe stenosis was defined as the diameter
stenosis was more than 50%. Both
symptomatic and asymptomatic severe ICA
stenosis were included in this study. The
symptomatic severe ICA stenosis was defined
as patients having TIA or stroke within prior
120 days and ispilateral ICA stenosis. The
diagnosis of stroke and TIA and the method
of documentation of stroke and vascular risk
factors were described in the prior report *°.

The CDS parameters for evaluation of
the hemodynamics before and after ICA
stenting included the followings: (1) the color
flow pattern of the ICA (turbulent or laminar
flow); (2) the flow direction of the ophthalmic

artery; (3) the residual diameter of the ICA;
(4) the cross-sectional area of the ICA; (5)
the residual cross-sectional area of the ICA;
(6) the area reduction of the ICA calculated
from (4) and (5); (7) the peak systolic and
end-diastolic velocities of the stenotic ICA; (8)
the ICA to CCA systolic flow velocity ratio,
(9) resistivity index of the ICA; (10) the flow
amount of the ICA, and (11) the total flow of
vertebral arteries were all measured. A paired
t-test was used to compare the CDS
parameter before and after ICA stenting.

Results
Demographic and clinical characteristics

In the 33 patients, a total of 36 internal
carotid arteries were treated during 35
procedures. Nineteen patients had prior
stroke or TIA among whom 11 patients
fulfilled the criteria of symptomatic severe
ICA stenosis. Only 17 patients underwent
duplex examinations of peripheral arteries and
peripheral artery occlusive disease was
diagnosed in 12 of them. Three patients
received bilateral stenting procedure: two
patients were asymptomatic, and the other
one patient was symptomatic in one ICA and
asymptomatic in the other artery. In other
words, in these 36 stenting ICAs, 11 ICAs
were symptomatic and 25 arteries were
asymptomatic. One asymptomatic patient had
contralateral ICA occlusion. Two patients
had ever receive irradiation therapy on the
head/neck for nasopharyngeal carcinoma: one
patient was symptomatic ICA stenosis and
the other patient was asymptomatic. One
asymptomatic patient had prior balloon
angioplasty but had restenosis of ICA so that
accepted carotid stenting.

Quantitative analysis by CDS
The mean diameter of these stenotic

ICAs significantly increased from 3.03+0.92
mm to 3.94+0.85 mm. The mean peak
systolic velocity significantly decreased from
238.9+104.4 cn/sec to 66.1+£25.6 cm/sec.
The mean ICA/CCA ratio also significantly
decreased from 4.94+3.28 to1.02+0.43. The
change of area reduction of stenotic ICA was
less significant.
Total flow of vertrbral arteries did not



significantly change after carotid stenting.
Qualitative analysis by CDS

There was significant change of flow
pattern. Before stenting, turbulent flow was
noted in 35 vessels. Only one ICA did not
show turbulent flow because of coexistence
of distal stenosis. After stenting, the flow
pattern of all these 35 stenotic ICA returned
to laminar flow. The flow direction of
ophthalmic artery ipsilateral to stenting was
examined in 29 arteries and the reversed flow
direction was noted in 11 ophthalmic arteries
before carotid stenting. Six of them returned
to normal flow direction after stenting. The
other five ophthalmic arteries with reversed
flow direction were not rechecked again after
stenting
Discussion

Stent may be clearly identified by CDS.
The network structure of the Wallstent is
hyperechoic in comparison with the
background tissue. The Wallstent may not
obscure the outline of the post-stenting ICA
because of no production of the acoustic
shadow. These two factors make it easy to
see the result of stenting. The absolute
diameter of the post-stenting artery may be
exactly measured. The whole stent may be
examined from one end to the other to see
whether nor not the plaque is totally and
smoothly paved by the stent. In this context,
CDS is a useful tool to identify a successful
stenting no less than angiography.

This duplex study clearly shows the
effects of stenting on hemodynamics of ICA.
Before stenting, the severity of ICA stenosis
was evaluated by ultrasonography whose
direct evidences include the appearance of
turbulent flow, decreased diameter of artery
and increased flow velocity. After stenting,
these sonongraphic features were all changed.
The turbulent flow returned to laminar flow.
This qualitative change of flow pattern
suggested that the previous stenotic artery
had been dilated after ICA stenting.

CDS is able to provide quantative
analysis of severity of stenotic artery. With
B-mode imaging, the degree of stenosis was
assessed by measuring both diameter and area
reduction. The absolute diameter was
significantly increased after stenting.

However, the decrease in area reduction was
less significant. This was because of
concomitant dilation of both lumen and outer
wall of the artery after stenting (Fig 2) so that
the change of area reduction was less
significant in spite of significant change of
absolute diameter.

Decrease in pre-stenting velocity also
suggested the reduction of stenosis. Both the
peak systolic velocity and ICA/CCA ratio
were significantly decreased after ICA
stenting. In this study we did not compare the
difference between these two parameters.

It was virtually impossible to calculate
the flow volume in the presence of turbulent
flow]. Measurement may be taken distal to
the site of the stenotic lesion, which was
inconsistently performed in this study though.
Normalization of flow direction of the
ophthalmic artery may suggest the increase in
flow volume of the post-stenting ICA. Eleven
patients had reverse flow direction of
ophthalmic artery which was an indirect sign
of severe ICA stenosis. Six of them returned
the reverse flow to normal direction.
Normalization of reverse flow also provided a
qualitative evidence of reduction of stenosis.
The ophthalmic flow was not rechecked in
the other 5 patients with pre-stenting reverse
ophthalmic flow. After stenting, both the
recovery of laminar flow pattern and the
clearly shown diameter of the stented ICA
make it easier to calculation of the flow
volume. This may be a useful sonographic
parameter for follow-up.

It is also interesting to observe the
influence of ICA stenting on hemodynamics
of posterior circulation. As increase in the
amount of the posterior flow may be
observed when significant stenosis occurred
in the anterior circulation, reduce in the
posterior flow was expected after ICA
stenting. However, in this study the total flow
of vertebral arteries was not significantly
changed after ICA stenting. Some factors
may be attributed to this non-significant
difference, including the patency of circle of
Willis, the blood pressure at that time and
health of vertebrobasilar arteries.
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In conclusion, the presence of stent does
not affect the ability of ECDS to perform an
ultrasound examination. The CDS clearly
showed the direct effects of stenting: the
increase in absolute diameter significantly
decreased the peak systolic velocity of the
ICA as well as increased the flow volume that
may be suggested by the normalization of the
previously reversed ophthalmic flow.
According to the results of this short-term
observation, the parameters that were used in
this study may be useful for the long-term
follow-up evaluation of carotid stenting.
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