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ABSTRACT

Three-dimensional ultrasonography is a significant novelty in neurosonology as it
offers the possibility of an even more successful evaluation of atherosclerotic stenoses of
the carotid trunk than previous ultrasonographic investigations. In 37 patients with
signs of transitory ischemic attack and in 5 patients with reversible ischemic neurologic
deficit we compared the findings of three-dimensional ultrasonography of carotid arter-
ies on the neck with those of three-dimensional CT angiography. In 20 of these patients
in which carotid thrombendarterectomy had been carried out, the findings of both diag-
nostic methods were also compared with the angiographic and operative findings. In 2
out of the total of 42 compared findings of three-dimensional ultrasonography, three-di-
mensional CT angiography and angiography of the carotid trunk, we assessed a differ-
ence in the evaluation of the degree of carotid stenosis while all other findings were in
accordance as regards the evaluation of the degree of stenosis and plaque analysis. Of
20 operative findings, one showed insignificant deviations from the findings of both di-
agnostic methods. It is our opinion that three-dimensional ultrasonography is a reliable
diagnostic method in evaluating atherosclerotic stenoses of carotid arteries. Every sub-
total stenosis or internal carotid artery occlusion established by three-dimensional ul-
trasonography must be compared with three-dimensional CT angiography or classic
angiography due to the objective possibility of false ultrasonographic interpretation and
the significance of carotid thrombendarterectomy.
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Introduction

For many years great significance in
discovering and evaluating carotid artery
stenosis on the neck was attributed to
angiography — an invasive method in-
volving the risk of thrombembolic compli-
cations due to catheter manipulation.
The rapid development of computer-aided
ultrasonographic devices made it possible
for noninvasive ultrasonography to win
more and more recognition. Three-dimen-
sional ultrasonography (3D US) of cerebral
vessels is a significant novelty in the field
of neurologic angiosonography'. Three-
-dimensional reconstructive techniques
were used already years ago in various
imaging investigations, particularly in
computerized tomography (CT) and mag-
netic resonance (MR). In the early 80s,
the development of this technique began
also in ultrasonography (US) which was
at that time applied in the field of obstet-
rics and gynecology!. Soon the three-di-
mensional technique appeared also in the
field of internal medicine. In 1982 Geiser
and coworkers? presented their dynamic
three-dimensional reconstruction of the
left ventricle of the human heart. Ten
years later Franceschi, Bondi and Rubin
(1992)3 were among the first to demon-
strate the possibilities of three-dimen-
sional vascular US. In recent years more
and more authors*® report on the signifi-
cance of 3D US in carotid diseases before
and after carotid endarterectomy. The
clinical applicability of 3D US of cerebral
vessels is increasing.

Patients and Methods

Between June 1999 and November
2000, we performed 3D US and 3D CT
angiography (3D CTA) of carotid arteries
on the neck in 42 patients, 37 of which
had experienced a transitory ischemic at-
tack (TIA) and 5 a reversible ischemic
neurologic deficit (RIND). Of these 42 pa-
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tients, 29 were men and 13 were women.
Their age was between 36 and 76 years,
the median 61 years. In 20 patients (12
men and 8 women) carotid thrombendar-
terectomy (TEA) was carried out due to a
hemodynamically significant stenosis
(> 75%) of the internal carotid artery
(ACI). In these 20 patients angiography
was also done prior to surgery. Thus the
findings of 3D US were compared with
those of 3D CTA in 42 patients, in 20 op-
erated patients also with the angiogra-
phic and operative findings. The degree of
stenosis was classified according to the
ECST (European Carotid Surgery Tria-
lists’ Collaborative Group 1991) method.

Local degree of stenosis (ECST me-
thod):

COoA 100% stenosis,
C
where:
A = residual diameter in the stenosis
region,

C = original vessel diameter.

3D US was done with a VOLUSON
530 D — Kretz US device using a linear
S-VNW 5-10 MHz probe (Figurel). The
probe is placed at the middle of the neck
so that its tip is perpendicular to the m.
sternocleidomastoideus. A transversal sec-
tion of the carotid trunk is thus obtained.
Moving the probe in the caudal and cra-

Fig. 1. The 3D ultrasonographic 5-10 MHz probe
for carotid trunk imaging.
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nial direction gives significant data re-
garding the position of the bifurcation, on
blood flow direction, pathomorphologic
changes in the intima, and above all on
the patency at the ACI and ACE origin.
Just before the bifurcation, the probe is
rotated for 90° so that its tip is parallel to
the carotid trunk. A slight tilting of the
probe allows the selective presentation of
the ACI and ACE.

Multislice spiral computed tomogra-
phy (MSCT) and later 3D imaging of the
investigated vascular segment were car-
ried out with a TOSHIBA X-press/9X de-
vice.

The starting point for 3D US of carotid
arteries is represented by a good B-scan
while the volume scan can also be ob-
tained by activating the Color Doppler
(ANGIO-MODE).

The three-dimensional image of vol-
ume body actually develops in three basic
phases:

1. Automatic volume scanning;
2. Multiplanar volume analysis;
3. 3D reconstruction (volume rendering)®.

Automatic volume scanning

The volume scan is obtained by sweep-
ing the B-scan around its axis (»fan
scan«). The starting point is a US B-scan
on which we choose the area of interest
we wish to scan. The best B-scan of the
carotid trunk in longitudinal section is al-
ways chosen. The position and size of the
area of interest is determined by the VOL
-BOX — the computer box whose size and
position can be changed at will. The dura-
tion of scanning is 2-10 seconds, not de-
pending on the chosen VOL-BOX size but
rather on the movement of the object we
wish to visualize. If artifacts are to be ex-
pected due to volume body (vessel) move-
ment, a greater scanning speed is used.
After the termination of scanning, the
probe is turned off automatically and
three images of the volume body (vessel)

appear on the screen. The volume scan
can also be obtained by activating the
Color Doppler. The region of the presen-
ted Color Doppler signal is at the same
time also the starting point of volume
scan acquisition. The further scanning
procedure is quite the same as in stan-
dard volume scanning.

Multiplanar image analysis

After terminated volume scanning, a
simultaneous presentation of three or-
thogonal planes of the volume body ap-
pears on the screen: the longitudinal,
transversal and horizontal. The position
of the volume body on the screen is deter-
mined by the relative coordinate system.
It is represented by three axes in orthogo-
nal position, their point of intersection
being the triaxial center of rotation. The-
se axes are shown as X, Y and Z coordi-
nates. After volume scanning, the initial
position of the volume body is obtained on
the screen (Figure2). By rotating the vol-
ume body around three orthogonal axes
or by choosing the center of rotation
around any of three axes, we can visual-
ize any sector of the volume body. For this
purpose we have six options independent
of each other at our disposal: three rota-
tions and three translations (rectilinear
movement). It concerns the rotations
around the X, Y and Z-axis or a parallel
shift along the same axes.

3D reconstruction (volume rendering)

Volume reconstruction (volume ren-
dering) is a computer processed three-di-
mensional presentation of volume body
structures on a two-dimensional screen.
As in volume scanning, in 3D rendering
also we determine volume size and posi-
tion with the computer box — RENDER-
-BOX. All structures outside this space
are excluded from volume reconstruction.
By simultaneous shifting of the REN-
DER-BOX through various depths of the
scanned volume body in three orthogonal
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Fig. 2. Multiplanar analysis — initial position of volume body: simultaneous visualization of three
orthogonal planes — longitudinal and transverse in upper two quadrants, the horizontal in the left
lower quadrant.
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Fig. 3. 3D reconstruction (volume rendering) of hemodynamically significant stenosis of the right

internal carotid artery (ACI): shift of RENDER — BOX through longitudinal imaging of the vessel

in the left upper quadrant, transverse section in the right upper quadrant and horizontal section in
the left lower quadrant. In the right lower quadrant, 3D image of the carotid trunk.
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planes, we get a three-dimensional image
of the volume body (Figure 3). For a more
precise analysis, the image can be en-
larged at will. To obtain the real 3D im-
pression of the body shown, the CINE-
-MODE is applied. It concerns the rota-
tion of the 3D-image set in a certain ini-
tial and final position of vertical rotation.
During the rotation between these two
initial positions, a series of consecutive
3D images follows, generating a real vol-
ume perception of the imaged volume body.

By means of the CUT 3D mode we can
pick out the vessel or a certain section of
it from the remaining visualized tissue
(Figure 4). As a matter of routine, the
complete process with all three described
phases takes 30-50 minutes.

Results

All 3D US findings were compared
with 3D CTA findings and in 20 patients
with the results of classic angiography
performed prior to carotid TEA. In 40 pa-
tients (95.2%) we established a complete
accordance of 3D US findings with 3D
CTA findings, in the evaluation of the de-
gree of stenosis as well as in plaque anal-
ysis. There were 21 cases of hemodyna-
mically significant (75-95%) ACI stenosis
caused in 10 patients by calcinated pla-
ques, in 8 by heterogeneous and in 3 by
soft plaques. Subtotal stenosis was found
in 9 patients, in 4 caused by calcinated
plaques, in 3 by heterogeneous and in 2
by soft plaques. ACI occlusion was found
in 4 patients, hemodynamically insignifi-
cant stenosis (< 75%) in 6 patients owing
particularly to calcinated plaques. A sig-
nificant difference in the findings was
found in 2 cases (4.8%) before carotid
TEA, in both an objective reason could be
stated.

In 19 patients with carotid TEA we
found operative findings fully identical
with 3D US, 3D CTA and angiographic

findings (95%), an insignificant deviation
was only found in one patient (Table 1).

Discussion

All over the world, several types of
modern 3D US devices are in use, allow-
ing an equally reliable diagnosis. 3D US
holds an important place in the diagnosis

TABLE 1
CORRELATION OF 3D US FINDINGS WITH 3D
CTA AND ANGIOGRAPHIC FINDINGS BEFORE
CAROTID TEA
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Fig. 4. CUT 3D - a possibility of selective pre-
sentation of the normal carotid trunk.
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of atherosclerotic plaques in carotid ves-
sels on the neck. They may cause a hemo-
dynamically significant stenosis or they
can be a potential cause of cerebral
thromboembolism. Carotid disease is a
frequent cause of TIA or reversible is-
chemic neurologic deficit (RIND), in 30%
it is the cause of ischemic ICV!. Com-
pared to the conventional 2D US, 3D US
of carotid arteries allows a more precise
analysis of atherosclerotic plaques: it re-
veals more data regarding the structure
of plaque and its surface which, by en-
largement of the 3D image in CINE-
-MODE, reveals even the smallest ulcer-
ations in which the thrombotic process —
the origin of cerebral embolism — may
occur't12, Early discovery of very small
initial atherosclerotic plaques, measure-
ment of their size, area, volume and fol-
lowing of their movement imply — apart
from intima thickness measurement — an
objective monitoring of the atherosclero-
tic process'®!* (Figure 5). 3D US offers
possibilities of clinical acquirement of
even more relevant data on the correlation
of biological age with early atherosclerotic
changes as well as the correlation of arte-
rial hypertension, hyperlipidemia, diabe-
tes and other risk factors for ICV with the

Fig. 5. Three-dimensional presentation of ca-
rotid trunk with multiple small calcinated
plaques (CINE-MODE).
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progress of atherosclerotic changes in the
intima of carotid arteries!®. According to
various authors, the specificity and sensi-
tivity of 3D US are high: Bendick (1998)16
states a specificity of 87% and a sensitiv-
ity of 100%. Huston (1998)!7 states the
values of 91% and 96% respectively. Our
assessed sensitivity of 95.2% does not de-
viate essentially from the values reported
by other authors.

In our analysis of significant differ-
ences between 3D US, 3D CTA and
angiographic findings, we established an
objective reason in both cases. The first
was a case of extremely high bifurcation
due to which 3D US could only demon-
strate the initial part of the ACI. In this
part no residual ACI lumen could be seen,
there was no Doppler signal or color cod-
ing of flow and the power mode revealed
no minimum flow either. However, dis-
tally from the described site of occlusion,
3D CTA and angiography revealed a re-
sumed blood flow which could not be dis-
played by 3D US. Consequently, it was a
case of subtotal ACI stenosis (Figures 6
and 7). In the second case, an extensive
acoustic shadow caused by calcinated pla-
que concealed the minimum patency of
the ACI lumen, making it impossible for
3D US to detect the subtotal stenosis of
the ACL.

Fig. 6. Pseudoocclusion of the right ACI - CUT
3D.
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Fig. 7. Distally from the ACI pseudoocclusion, 3D CTA again shows the ACI lumen.

The 3D US study of carotid plaque In analyzing plaque morphology we con-
morphology is important in evaluating sider the descriptive parameters stated by
their role in the risk of ICV occurrence!®,  Bartels (1999)* as well as the classification
but it is also important for setting the in-  of the degree of ACI stenosis according to

dications for carotid TEA19-23. Doppler-sonographic and morphologic
criteria.
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Fig. 8. A hemodynamically significant stenosis caused by fibrocalcinated plaque at
the origin of the right ACI: B-scan with color flow map (CFM).
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We believe that preoperative 3D US
and 3D CTA should be done in all pa-
tients in which carotid TEA is indicated,
just as it should in suspected ACI occlu-
sion due to a possible actual subtotal ste-
nosis representing an indication for ca-
rotid TEA. Besides, Sameshima and
coworkers (1999)% suggest 3D US or MR
angiography (MRA) as initial screening
diagnostic methods for assessing ACI ste-
nosis, and 3D CTA for preoperative evalu-
ation of the degree of stenosis and postop-
erative evaluation in carotid TEA (Fi-
gures 8-10). This implies the possibility of
carotid TEA without previous invasive
angiography, the risks of which are well
known?é.

Conclusions

3D US of precerebral arteries is a sig-
nificant novelty in discovering and evalu-
ating atherosclerotic stenoses of the ca-
rotid trunk. It can be applied as a reliable
screening method in the identification ca-
rotid stenoses. As a screening method, 3D
CTA is certainly less accessible and more
costly. At all events, 3D US should be
complemented by 3D CTA in all unclear
cases and in patients with indications for
carotid TEA. Despite the good correlation
of 3D CTA with angiography, most angio-
surgeons still demand classic angiogra-
phy before carotid TEA. 3D CTA should
also be done to confirm the diagnosis
when a subtotal stenosis or occlusion of
the ACI is identified by 3D US. Confirma-
tion of the diagnosis is imperative as TEA
is indicated in subtotal ACI stenosis whi-
le merely conservative therapy is indi-
cated in ACI occlusion. Certainly, two-di-
mensional US is also a good screening
method and, like in 3D US, should also be
combined with 3D CTA or MRA in the
same cases.
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Fig. 9. The same stenosis of the ACI in CUT 3D
image.

5T.POST TEA ACI

Fig. 10. The post-TEA status of the same ACI
stenosis: in the anterior wall of the bifurcation,
the dacron patch is clearly visible.
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TRODIMENZIONALNA ULTRASONOGRAFIJA U EVALUACIJI
ATEROSKLEROTSKE STENOZE KAROTIDNOG DEBLA

SAZETAK

Trodimenzionalna ultrasonografija znacajna je novost u neurosonologiji jer pruza
mogucénost jo$ uspjesnije procjene aterosklerotske stenoze karotidnog debla od prija-
§njih ultrazvuénih pretraga. U 37 bolesnika sa znakovima tranzitornog ishemic¢nog na-
pada te u 5 bolesnika s reverzibilnim neuroloskim deficitom, usporedeni su nalazi tro-
dimenzionalne ultrasonografije karotidnih arterija na vratu s onima trodimenzionalne
CT-angiografije. U 20 bolesnika u kojih je uéinjena karotidna trombendarterektomija,
nalazi obje dijagnosticke metode su takoder usporedeni s angiografskim i operativnim
nalazima. Od ukupno 42 nalaza trodimenzionalne ultrasonografije, trodimenzionalne
CT-angiografije i angiografije karotidnog debla, samo je u dva nalaza pronadena raz-
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lika u procjeni stupnja karotidne stenoze, dok su kod svih ostalih bolesnika nalazi bili
suglasni i to u odnosu na procjenu stupnja stenoze i analizu plaka. Od 20 operativnih
nalaza samo kod jednog bolesnika nalaz nije pokazao znaéajne promjene u odnosu na
druge dvije dijagnosticke metode. Prema nasem misljenju, trodimenzionalna ultraso-
nografije je pouzdana dijagnosticka metoda u procjeni ateroskleroti¢nih stenoza karo-
tidnih arterija. Svaka sub-totalna stenoza ili okluzija unutrasnje karotidne arterije
ustanovljena trodimenzionalnom ultrasonografijom mora se usporediti s trodimenzio-
nalnom CT-angiografijom ili klasi¢cnom angiografijom zbog objektivne moguénosti la-
zne ultrasonografske interpretacije i znacaja karotidne trombo endarterektomije.
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