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Abstract

Formation of atherosclerotic plaque in the carotid arteries is the leading factor of hemodynamic disturbance
in the cere-bral arteries. Visualization and characteristic of these plagques are most important factors from the
viewpoint of preven-tive treatment- surgical or conservative. The goal of this study was to assess sensitivity
and specificity of non-contrast MRA in evaluation and characteristics of atherosclerotic plaques in the extra-
cranial carotid arteries. Our data was ob-tained from 130 patients: 38 were female (29.2%) and 92-male
(70.8%). The middle age is 54.8 years (range 17-78 years). Patients were subjected to 3 diagnosis procedures,
namely 85 patients were investigated by Doppler USG & 45 patients by MRA method. All patients underwent
selective cerebral arterial angiography by DSA as a gold standard method. From 130 patients 27 patients had
no atherosclerotic disease; 57 had bilateral atherosclerotic changes; 46 pa-tients had monolateral carotid ath-
erosclerotic process. From 260 investigated carotid arteries 51 arteries were detected with complete occlusion
(22 right and 21 left occlusion), in 4 patients (8 carotid arteries) bilateral occlusion was seen. 54 carotid
arteries had severe degree of stenosis. From this stenosis 27 arteries were more than 90%.32 carotid arteries
had moderate degree of stenosis. In 23 carotid arteries mild degree was seen, but in a 100 carotid arteries had
complete pa-tency. We concluded that complex noninvasive methods- colored Doppler USG and non-contrast
MRA distinguished good accuracy (90%) and may be used as an alternative to DSA.

Keywords: Magnetic resonance angiography (MRA), Ccarotid arteries, Digital Subtraction angiography

(DS), Doppler Ultrasonography (USG).

Introduction:

Formation of atherosclerotic plaque in the carotid arteries
is the leading factor of hemodynamic disturbance in the
cerebral arteries. Visualization and characteristic of these
plaques are most important factors from the viewpoint of
preventive treatment particularly to choose the surgical
intervention [1]. Today there is selection between differ-
ent types of operations- angiographic endovascular and
endarterectomy [2]. Some patients are not indicated for
operations; they need conservative treatment. Magnetic
Resonance Angiography (MRA) without intravenous
contrast proved itself to be a very sensitive noninvasive
method, especially at the site of common carotid artery
bifurcation, shows high possibility in the evaluation of

the degree of stenosis and morphological characteristic
of the atherosclerotic plaque [3, 4, 5].

The modern digital subtraction angiography (DSA) is
relatively used as the gold standard method to assess the
condition of carotid arteries because it is difficult to make
a conclusion about the depth of plaque invasion and cor-
rect assessment of the plaque morphology [6]. Even it is
not significantly but should be considered the risk of in-
vasive character and the involvement of ionizing radia-
tion along with the necessity of contrast injecting in this
procedure.
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Objective: patients to assess the reliability of MRI with MRA and

e e Duplex ultrasonography.
To assess sensitivity and specificity of non-enhanced

MRA in evaluation and characteristics of atherosch-
lerotic plaques localized in carotid arteries, to work out (I) Complete patency.
indications for selection of tactics for treatment on the
basis of the results obtained from the MRA.

Degree of stenosis is classified into 5 categories:-

(1) Mild degree stenosis for less than 30%.

) (111) Moderate degree stenosis (30-69%).
Material & Methods:

Material of this study is based on the analytical data ob-
tained from 130 patients. Out of them 38 were female
f 29.2% 2 (70.8% mal h t . o
(formed 29 .0) a}nd 92 (70.8% male) w o-underw-en Table 1: Patients groups by age and gender Distribution
through examination and treatment at the City hospital (n=130)

#2, St. Petersburg, Russia. -

(IV) Sever degree stenosis (70-99%).

(V) Complete occlusion.

From 130 patients, 32 cases were asymptomatic, not

complained from any cerebrovascular symptoms. The el
middle age is 54.8 years (range 17-78 years). 17-40 4 7 11 2548.7
Patients were subjected to 3 diagnosis procedures, 41-60 63 21 84 64.6

namely 85 patients were investigated by help of Doppler
Ultrasonography (USG); 45 patients by the method of
MRA. All patients underwent selective cerebral arterial Total 92 38 130 100
angiography by the help of Digital Subtraction angi-
ography (DSA) as a relative gold standard method for all

>60 25 10 35 26.9

There are three methods used to calculate the stenotic degree pamelyz.
1. NASCET method in the _stennsis of distal in relation to carotid artery
(28 patients).
Formulae- % Stenosis = 100 - (A x100)
B

Or % stenosis= B-A X100
B

B- Diameter of commeon carotid artery

i

A - Rest of the remaining open lumen.

.'—'-L"x_hi:'.;_.,__,.

!
5
i
!
:i/ \ f 2. Carotid Stenotic Index (CSI) for calculating stenosis in the bulb
3 { found in the bifurcation of Common carotid artery (done to 76 pa-
\ tients).

Formulae- % Stenosis = (D x1.2) - A x100
Dxl12

D- Diameter of common carotid artery.
A- Rest of the remaining open lumen.
B-
3. Method of determining the coefficient factor of stenosis of the carotid
v artery which 1s below the bifurcation (4 patients).

Formulae- % Stenosis = D-A x100
D

D- Diameter of common carotid artery.

A-Rest of the remaining open lumen.
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1. DSA method

Intraarterial DSA studies were performed using an appa-
ratus called Angiostar (Siemens —Germany) with a high
resolution 1024x1024 pixel image matrix. For approach
to this, Femoral artery was used as usual with a (5-
French right Judkins) catheter for selective carotid angi-
ography) or 5- French Pig-tail (for non-selective angi-
ography). Intraarterial contrast was obtained by injecting
8 ml of Contrast medium in ratio 4ml/sec by the help of
power automatic injector (Angiomat 6000, Liebel —
Flarshklinn company- Germany) in an irremovable posi-
tion of patient with 6 shot image per sec.

The main image was obtained in 3 projections: (postero-
anterior, oblique, and lateral projections). Images pro-
cessed were calculated by digital subtraction machine in
order to visualize vessels more clearly.

2. Method of Doppler USG

This method was performed using probe with an operat-
ing frequency of 2.4 and 9 MHz to investigate blood flow
in the brachiocephalic arteries (common carotid arteries,
external and internal carotid arteries). Assessment of the
vessels and blood-flow was produced in the following
standard points: Bifurcation of the brachiocephalic trunk
(medial margins of the sterno-clavicular junction); bifur-
cation of the common carotid arteries (along the medial
margins of the sternocleidomastoid muscle).

The required application before doing Doppler scanning
was to give satisfactory answers to the questions such as:
degree of the atherosclerotic disease, localization and ex-
tension of atherosclerotic plaque and degree of arterial
stenosis.

3. MRA method

MRA was performed by the help of 1.0 Tesla MR scan-
ner "Magnetom Impact" (Siemens, Germany). In this
method the patient lies in a supine position using receipt-
ing-transmitting head/neck coil. Before investigation of
MRA, standard MRI is performed using the protocols:
axial T2WI and sagittal T1-WI. Angiography by the help
of MRI was obtained in axial plan using three dimen-
sional time-of-flight MRA (3D TOF MRA) and pulse se-
quence FISP (Fast Imaging with Steady-State Preces-
sion) with the following sequence parameters: TR (time
of repetition) =34; TE (time of Echo) 1oms; FA (flip an-
gle) 20°and matrix size with minimal element of picture=
144x256; FOV (field of view) 150x200mm. To assess
the blood flow by the intracranial internal carotid arteries
ICA, axial 3D-TOF angiography of the cerebral arterial
circle was performed. Parameters of pulse sequence
FISP: TR =34; TE 1oms; FA 20° matrix size = 256x256;
and FOV= 200x200mm.

Maximum intensity projection (MIP) reconstruction was
made for all images.

Results:
DSA:

From 130 patients 27 patients had no atherosclerotic dis-
ease from either sides; 57 had bilateral atherosclerotic
changes; 46 patients had monolateral carotid atheroscle-
rotic pathological process. From 260 investigated carotid
arteries 51 carotid arteries were detected with complete
occlusion (22 right sided and 21 left sided occlusion), in
4 patients (with 8 carotid arteries bilateral occlusion was
seen). 54 carotid arteries had severe degree of stenosis.
From this stenosis 27 arteries were more than 90%.32 ca-
rotid arteries had moderate degree of stenosis. In 23 ca-
rotid arteries mild degree was noticed, but in a hundred
carotid arteries had complete patency.

Table 2: Patient groups distributed by the degree of ste-
nosis in the carotid arteries using the data of DSA.

N D f st i Sender Total| %
0 egree of stenosis ota o
:
1. Complete patency 13 14 | 27 | 208
Mild degree stenosis (<30%) 7 2 9 6.9
2. *Bilateral 4 2 6 4.6
*Monolateral 3 3 2.3
Moderate degree stenosis (30-69%) 11 4 15 | 115
3 *Bilateral 3 1 4 31
' *+<30% 1 1 0.8
*Monolateral 7 3 10 | 7.6
Hemodynamically significant stenosis | 18 14 32 | 24.6
(70-99%)):
-not complete occlusion:>90% 10 6 16 | 12.3
*bilateral 2 - 2 15
*+>70% 1 1 2 15
*+30-69% 3 2 5) 3.9
4, *+<30% - 1 1 0.8
*Monolateral 4 2 6 4.6
Stenosis (70-89%)- 8 8 16 | 12.3
*Bilateral 3 1 4 31
*+30-69% 2 - 2 15
* +<30% 1 1 2 15
*Monolateral 2 6 8 6.2
Complete occlusion 43 4 47 | 36.2
*Bilateral 3 1 4 31
*with incomplete contralateral occlusion| 9 - 9 6.9
5. | with severe contralateral stenosis * 5 - 5 39
*with contralateral stenosis 30-69% 5 1 6 4.6
*with contralateral stenosis <30% 4 - 4 3.1
*Monolateral occlusion 17 2 19 | 146

Doppler USG:

Analysis of the result in 170 carotid arteries (85patients)
in this method showed combination of the result with re-
sult of DSA in 138 vessels (81%). Discoordination was
in 32 vessels which is 19%, in this 14 vessels were over-
estimated and 18 vessels were underestimated (table 3).
Data inspector of maximal peak systolic velocity (PSV)
graded as:- PSV< 100-125 cm/sec which shows mild
blood flow disturbance (<30% stenosis), PSV125-
225cm/sec shows moderate disturbance in blood flow
(30-69% stenosis), PSV>225cm/sec shows severe blood
flow disturbance(>70-99% stenosis), absence of PSV (0)
happens in complete occlusion.
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Doppler USG allows visualization of rough surface of the
plaque in 83% vessels and smooth in 17% vessels. 21
Carotid artery were filled with hyperechogenic plaque in
bifurcation of common carotid artery which leads to
gradual block as a result of entire complex pathological
disturbance associated with atherosclerosis obstruction
so plaque appears heterogeneously and consist of at least
hard elements as well as calcification.4 arteries were
bulged by thrombus which were very hypoechogenic and
even could be visualized, if the direction of the colored
blood stream doesn’t change the direction near the point
of occlusion formation. Duplex scanning allows detec-
tion of minimum bulging of internal membranes and
plaque in the common carotid artery also in the bulb and
in the beginning of the internal carotid artery in 11 ves-
sels assessed as stenosis less than 30%.

Table 3: Comparison between Doppler USG and DSA
in all degrees of stenosis in 170 arteries.

Degree of stenosis by DSA

Degree of stenosis by

Doppler USG
0 54 1 7 2 -
<30% 3 10 2 1 -
30-69% 4 - 9 3 -
70-99% 2 1 2 32 2
Occlusion - - - 2 33
Total 63 [ 12 20 40 35

The results from the table show visualization in Doppler
USG to be sensitivity 82%, specificity 79% and general
accuracy 81%.

Peak systolic velocity in the left carotid artery 308
cm/sec - 80% stenosis)

A calcified atherosclerotic plaque is visualized in the RT
carotid bifurcation, extended to the ostium and proximal
part of internal carotid artery caused 30% stenosis.
Marked S-shape Kink of proximal part of internal ca-
rotid artery.

A heterogeneous plaque is detected in the carotid bifur-
cation with dominant hard component -calcified athero-
sclerotic plaque caused 60% stenosis of the vessel lumen.

MRA:

In table 4 demonstrated results of investigation of 45 pa-
tients (90 carotid arteries) by the help of MRA method

Table 4: Comparison between MRA and DSA in all de-
grees of stenosis in 90 arteries.

Degree of stenosis Degree of stenosis by DSA

by MRA 0 | <30% | 30-69% | 70-99% | Occlusion
0 37| 1 - -
<30% . 2 - - -
30-69% - - 8 - -
70-99% . - ; 21 .
Occlusion - - - - 21
Total 37| 3 8 21 21
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Severe stenosis and conditions near to occlusion (string
signs) were detected in 100%.

All cases with occlusion also were detected in 100%.All
pathological disturbances evaluate by MRA (table 4 )
were subjected by DSA method except for 1 case with
mild degree stenosis <30%, which was not correctly in-
terpretated by MRA and gave complete patency of the
vessel (Norma). This way MRA didn’t give false positive
result and only gave 1 false negative result. Sensitivity of
MRA method formed 98%, specificity 100% and accu-
racy 99%/.

For hemodynamic assessment of the collaterals through
arterial circle of the brain MRA results were accepted.6

Clinic No.2 St.Petersburg] .

MNAGNETON TMPACT
H-SP  VE3I3A
s FAL

P 10.4
St m.2
Fov 210* 280
144 *2560
Sag>Cor 24

LR

w2

cases in which MRA couldn’t assess the value contribu-
tion of anterior communicant artery, in patient with bilat-
eral occlusion of ICA (3 cases of bilateral thrombosis and
3 cases monolateral thrombosis with contralateral sub-
occlusion),when blood was supplied into the brain by the
basilar and external carotid artery. For ophthalmic collat-
eral tract MRA relatively not sensitive, though in some
cases increased diameter of artery took place, what indi-
rectly showed variability of activisation of ophthalmic
collateral tract. Ischemic zones detected in MRI obvi-
ously demonstrated correlation with lack of cerebral
blood flow as a result of occlusion or severe stenosis of
main vessels , what was seen in MRI.

MRA and DSA: stenosis of the RICA 82%- LICA- 74%.
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DSA: symmetrical result

| Axial 3D TOF MRA shows eccentric plaque in the carotic bifurcation

CHinfc No.2 St.PetersburdioeNICH A.A. Clinic No.2 St.Petersburg
MAGNETON IMPAC lysp MAGNETON IMPACT
H-SP  VE33A goy H-SP(R VE33A
+:FA sy +:FAL
+-0CT-1999
WAGE 125
R 1-6

F1.50

3D TOF MRA: occlusion of the LICA from the origin along
with severe stenosis of the RICA. Compensatory hypertrophy
of LVA, as a main collateral way.
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Female 53 y with recurrent insult.
DSA shows bilateral shows bilateral
occlusion of ICA from the origin.

Same patient with MRA

Discussion:

Carotid artery stenosis is a high risk factor for ischemic
stroke. Stroke is one of most common causes of death in
the worldwide [7, 8]. Imaging of the extracranial carotid
vessels is of great importance in screening, evaluating
therapeutic indications and for the follow-up of these pa-
tients. In patients with surgical stenosis, there is selection
between different types of operations- angiographic
endovascular or endarterectomy.

As a gold standard method, in the imaging of the carotid
arteries, the DSA s still considered as an invasive diag-
nostic method using high dose of contrast media along
with ionizing radiation. Moreover, by DSA it is difficult
to make a conclusion about the depth of plaque invasion
and plaque morphology. Another disadvantage of DSA,
particularly not exact quantity assessment of stenosis,
based on a two dimensioned (2D) image, what specially
affects the assessment of eccentric plaque.

This study was aimed to provide comparison of data ob-
tained by the help of noninvasive methods, with DSA
data and also determines whether these methods can dif-
ferentiate surgical from non-surgical degree of stenosis
in the carotid artery with same accuracy to avoid the use
of DSA.

In cases when severe stenosis took place there was no any
difference of results between Doppler USG method and
MRA. The presence of carotid plague with high pulse

wave velocity was associated with a high risk of cardio-
vascular disease events and ischemic stroke. Moreover,
the combination of carotid artery ultrasonography with
pulse wave velocity measurement could predict the risk
for cardiovascular disease ability more accurately than a
single measurement alone. Also, screening individuals
for carotid plague might help improve risk stratification
and identify individuals in need of interventions to re-
duce cardiovascular disease risk, especially cerebral is-
chemic stroke [9]. Doppler USG may detect the plaque
without or with smaller stenosis degree. USG allows the
making of the correct diagnosis "acute thrombus of ca-
rotid artery” even if the lumen of the artery is seen and
proves information about the probability of risks of em-
bolism and prognosis of the end product of the diagnosed
lesions. This data demonstrated in high degree of interre-
lation between pathological diseases of carotid arteries
and cerebrovascular ischemia.

More difference in Doppler USG as compared with DSA
methods in the assessment of stenosis showed ultrasound
is not adequate for assessment before operation. In
providing these investigations almost all errors took
place by the following reasons:-

1- Anatomic disturbances, as looping or calcified
plaques, this made the vessels not clearly visualized
for this we came to uncertainty in the assessment of
degree of stenosis in this zone. Followed DSA
showed that calculation of stenosis by this method not
always carried out in the site of maximal stenosis.
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2- Mistakes could take place as a result of not fully qual-
ified operator in this cases stenosis will not correctly
be determined.

The analysis of carotid artery stenosis showed that DSA
was same with the result of non-enhanced 3D TOF MRA
[10, 11, 12]. About the assessment of plaque structure in
cases of serious stenosis, the signal from plaque was
clearly detected by the help of 3D TOF MRA method in
the axial projection in thin slices (<1mm). If soft plaque
were detected it means the signal will be of relatively
high intensity, but hard plaque the signal will be of low
intensity. The first corresponded the plaque in the type of
thrombus with fibred plaque in the images maintained by
Doppler USG method , but heterogeneous calcified
plaque were detected in MRA in type of separated ele-
ments with low intensive signal (black zone) [13, 14].

With development progress in methods MRA dramatic
improvements took place in the non invasive assessment
of stenosis of carotid artery [15, 16]. Method allowed re-
alization of multiplanner visualization of vessels, giving
a chance to select the angle of projection and realizing
reconstruction for optimal visualization of vessels. This
work was directed to determine the abilities of MRA
methods giving a value for stenosis of carotid artery as
compared with DSA when required to answer questions
about the selection between surgical and non surgical de-
gree of stenosis. Data compared using DSA and MRA in
our work showed that 3D TOF MRA certainly assisted
the percent of stenosis without statically valuable differ-
ence as compared with DSA. It was possible to obtain
image for all carotid artery from arch of aorta to the arte-
rial circle of the brain, in which vascular image was il-
lustrated from different visual angles. MRA of vessels in
arterial circle of the brain important in evaluation of col-
lateral tracts. In addition to MRA, MRI was carried out
to detect brain infarct [17].

Both methods MRA and Doppler USG showed excellent
correlation, helped to assess the pathological changes in
the intra- and extracranial carotid arteries. Information
obtained from these non invasive methods allowed ex-
ception of requirements in contrast with angiography and
its not risky and more effective in provision of endarter-
ectomy, in conditions where results of these methods are
correlated.

Conclusion

1- As screening method allowing to make a plan for the
next investigation of carotid artery adequetly color
Duplex ultrasound is used which directly allows ex-
cluding or detecting mild degree of stenosis of carotid
arteries during diagnosis.

2- Till now DSA remains as golden standard method in
the assessment of degree of stenosis. But complex ap-
plication of non invasive methods- colored Duplex

scanning and MRI distinguished good accuracy (90%
of the cases by our data) and may be used as an alter-
native to DSA

3- The main reason of deco-ordination in MRA and Du-
plex in the assessment of degree of stenosis (10%)
cases related with calcification of plaque and manual
practice of the operator.

4- DSA is not adequately in the assessment of character
of the atheoschlerotic lesions because it doesn’t give
complete information of the structure of plaque,
which its considered as one of the main factor to se-
lect patients for enderterectomy, angioplastic or stent.

5- DSA indicated in cases where MRA is unable (metal-
lic paramagnetic implants artificial pace maker of
cardiac pulse) and not lost its importance in provision
of Roentgen-endovascular operations.
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