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Summary

The ultrasound evaluation of the carotid arteries is currently considered as the basic examination in diagnostics of pa-
thology of the carotid arteries. In most recommendations and conducted studies on atherosclerosis of the carotid arteries,
it is recognized as the main tool in diagnostics and in planning the treatment strategy. The main purpose of the ultrasound
evaluation of the carotid and vertebral arteries is confirming or ruling out the pathology within these vessels. Authors of this
paper present the main problems related to interpretation of vascular exam, the correct examination technique and various
implications directly linked to the obtained diagnosis of the carotid pathology (indications for an invasive treatment, adequate
qualification process). In conclusion, they make a point that the ultrasound exam of the carotid arteries may result in the
decision to treat each individual patient with conservative or surgical method. None of the strategies implicated is free from
limitations and complications. Therefore, a false ultrasound diagnosis may result in wrong decision making regarding treat-
ment strategy, which may be potentially fatal to the patient.
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Streszczenie

Badanie ultrasonograficzne tetnic szyjnych jest obecnie uwazane za podstawowe w diagnostyce patologii tetnic szyjnych.
W wiekszosci rekomendaciji oraz prowadzonych badan uwzgledniajacych chorobe miazdzycowa tetnic szyjnych jest ono
uznawane za podstawowe i zazwyczaj jedyne tak w diagnostyce, jak i w leczeniu. Gtbwnym celem badania ultrasonograficz-
nego tetnic szyjnych i kregowych jest rozpoznanie, badZ wykluczenie patologii w obrebie tych naczyn. Autorzy w ponizszej
pracy przedstawiaja gtéwne problemy zwigzane z odpowiednia interpretacja wyniku, prawidtowa technika samego badania,
oraz rézne aspekty zwigzane implikacjami wynikajacymi z rozpoznania zmian w tetnicach szyjnych (wskazania do operaciji,
odpowiednie kwalifikowanie, itp.). W podsumowaniu, Autorzy zwrdcili uwage, iz wykonujacy badanie ultrasonograficzne i
opisujacy wynik tego badania, musza mie¢ $wiadomos¢, iz moze ono skutkowaé decyzja o leczeniu zachowawczym, badz o
operacyjnym chorego. Kazda z tych strategii nie jest wolna od ograniczen i w przypadku wyniku USG rozbieznego od stanu
faktycznego, skutkowa¢ moze btedna strategia leczenia, o potencjalnie groznych dla chorego skutkach.

Stowa kluczowe: miazdzyca, tetnice szyjne, USG

INTRODUCTION

Currently in Poland, ultrasound evaluation of the ca-
rotid arteries is performed practically by physicians of
all specialties, without possibility to evaluate their expe-
rience in this particular area.

We observe that not only persons certified by Polish
Ultrasound Society (not recognized in the European
Union legislation), but also persons with specialties,
which require skills in performing ultrasound evalua-

tion of the vessels: radiology, angiology and vascular
surgery, claim the right to perform these exams.

The problem of accurate interpretation of the result
of the carotid artery ultrasound evaluation may be suit-
ably perceived by mentioned groups of physicians,
but performing these evaluations by physicians, who
do not have any qualifications, but just benefiting from
confusion and increasing demand for performing these
evaluations, is becoming much more serious problem.
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An additional problem is the fact that majority of per-
sons is not involved in broadly defined vascular pathol-
ogy and are not able to follow the progress, which took
place during the last decade in reference to knowledge
on pathophysiology of the diseases of the carotid arter-
ies. We also have to remember that this examination
decides on treatment method, which may prevent the
cerebrovascular accident/death of the patient, or put
the patient at unnecessary risk of these events.

Therefore, diversity of the groups performing these
examinations leads to an assumption that instead of
limiting and checking competencies, more important
would be creation of some competencies in terms of
ultrasound evaluation of the carotid arteries and accept
certain standards, which should be binding.

For this reason, it seems to be necessary to bring
up the problems of standardization of the ultrasound
evaluation of the carotid arteries — which is the subject
discussed for almost 20 years, and despite this fact, it
is still open: i.a. in reference to advances in knowledge
on the carotid arteries pathophysiology.

The ultrasound evaluation of the carotid arteries
is currently recognized as the basic one in diagnos-
tics of the carotid arteries pathology. In majority of
recommendations and conducted studies considering
the atherosclerosis of the carotid arteries, it is recog-
nized as the basic one and usually the only one not
only in diagnostics, but also in treatment. In the U.S.,
as early as in 2001, Medicare announced that in over
80% of the patients undergoing surgical treatment of
the carotid arteries stenosis, the only qualifying evalua-
tion was ultrasound examination (1).

The main purpose of the ultrasound evaluation of
the carotid and vertebral arteries is confirming or ruling
out the pathology within these vessels. For this reason,
by ordering ultrasound evaluation we expect that the
examination will allow us classifying the patients to one
of the following subgroups (these more significant):

— Patients without significant pathological lesions.

— Patients with insignificant intensity of lesions (< 50%
decrease in diameter of the vessel), who should be
conservatively treated if any symptoms occur.

— Patients with more advanced lesions (stenosis
between 50% and 70% in diameter of the vessel),
whose first-line treatment should be conservative,
while monitoring progress of the disease, espe-
cially occurrence of the neurological symptoms.

— Patients with significantly advanced lesions
(> 70% decrease in the lumen of the vessel), in
reference to whom the surgical treatment should
be first considered.

— Patients with total closure of the lumen of the ves-
sel, who are currently qualified for conservative
therapy, as the first-line treatment (this qualifica-
tion may be changed in specific rare cases).

There is no data in Poland, which evaluate frequency
of qualification for surgery of the carotid arteries based
on ultrasound evaluation alone — however, it should be
assumed that it significantly exceeds 90%. It creates
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significant implications in terms of standardization of
the examination and controversies related to some of
its elements.
Significant aspects of the ultrasound evaluation of
the carotid arteries:
1. Method of evaluation of the degree of stenosis.
2. Technique of the evaluation itself (kinking).
3. Technique of the evaluation of the Doppler spec-
trum.
4. Interpretation and use of selected parameters of
the flow velocity spectra and their indices.
5. Morphological image of the atherosclerotic le-
sions.

METHOD OF EVALUATION OF THE DEGREE
OF STENOSIS

Key element of the examination includes evaluation
of the stenosis degree. ACAS study (asymptomatic pa-
tients) demonstrated that within the group of patients
without neurological deficit, number of patients needed
to be treated, i.e. to prevent the cerebrovascular ac-
cident in patients with 50% stenosis, was 68. It means
that performing 136 procedures of restoring patency of
the carotid arteries in these patients, will allow prevent-
ing as little as 2 the cerebrovascular accidents within
the period of 2 years, at the most (2, 3). Similar results
were achieved in comparable Veterans Affairs trial.
No study until NASCET and ECST trials allowed pre-
paring certain, preliminary standards of evaluation of
the degree of stenosis (4-6).

Unfortunately, indications prepared for both trials si-
multaneously became source of basic misunderstanding,
causing incomparability of the simultaneously conducted
ultrasound evaluations. As figure 1 presents, one method
was used to calculate the degree of stenosis in NASCET
trial, and another one was used in ECST trial (7).

Degree of stenosis according to measurement in
NASCET trial corresponded to the following degree of
stenosis obtained in measurement in ECST trial (tab. 1).

A

B
_AB
NASCET = =2
_C-B
ECST c

Fig. 1. Method of measuring the degree of stenosis in
NASCET trial, and in ECST trial.
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Table 1. Comparison of the degree of stenosis obtained in
NASCET and ECST trials, respectively.

NASCET 30 40 50 60 70 80 90

ECST 65 70 75 80 85 91 97
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Fig. 2. Discrepancies between obtained degree of stenosis

resulted from various methods of measurement in NASCET
and ECST trials (see fig. 1 and tab. 1).
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Figure 2 presents linear relationship between mea-
surements of the degree of stenosis: Currently recom-
mended criterion for evaluation of the degree of steno-
sis is NASCET criterion, which is also accepted in the
United Kingdom (7).

It should be remembered that measurements were
initially conducted based on angiographic evalua-
tions, and then ultrasound evaluation was implement-
ed (studies lasted over many years), which obviously
resulted in different criteria for evaluation of stenoses
based on velocity.

Significant factor, which is not currently consid-
ered in discussions over precision of ultrasound
measurements conducted at the turn of the 80’s
and the 90’s was poor resolution of ultrasound ma-
chines and usually no ability to use technique of col-
or encoding for the flow (so-called “color Doppler”).
These limitations, which did not provide opportu-
nity to visualize hypoechogenic lesions (these the
most susceptible to destabilization and neurologi-
cal symptoms) enforced use, as the only criterion:
changes in flow velocity.

Difference in quality of lesion imaging — at the left
there is an image of the lesion in the carotid artery pro-
vided by the ultrasound machine of 2000-2005, at the
right, there is an image from the machine of older gen-
eration (the 90’s) (fig. 3, 4).

Results of NASCET and ECST trials are “distort-
ed” in natural way by not considering hypoechogen-
ic lesions — invisible in ultrasound machines of old
generations.
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Fig. 3. Image the bifurcation of the carotid artery provided by
the machine used in the 90’s.

Fig. 4. Image the bifurcation of the carotid artery provided
by the machine of the newest generation.

TECHNIQUE OF EVALUATION

Required heads: linear with frequency of at least
7.5 MHz and convex (5 MHz); the second one for eval-
uating the distal segment of the internal carotid artery.
Except for evaluation of the common carotid arteries,
the bulbs, and origins of the internal and external carot-
id arteries and vertebral arteries, the following should
always be done:

— evaluation of the distal segment of the brachiocepha-
lic trunk with the site of bifurcation into the subclavian
artery and the right common carotid artery,

— imaging the intracranial segment of the internal
carotid artery. This part of evaluation is extremely
important (in this case, the convex head is very
useful), because it facilitates determination of
highly located atherosclerotic lesions in the inter-
nal carotid artery or looping,

— evaluation of the bulb: it was demonstrated that
large atherosclerotic lesions in large bulbs (mea-
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suring > 10 mm in diameter) — despite maintained
wide lumen of the flow, constitute a significant risk
factor for microembolization (8). This factor has not
been considered at all in NASCET trial (similarly to
the problem of unstable atherosclerotic lesions),

— evaluation of the width of the vessels (especially
important in females). It should be considered
whether the arteries are not narrow. Width of the
internal carotid arteries below 5 mm or looping is
a significant clue for the surgeon in terms of the
type of the procedure that should have to be done
(placing a patch in case of a narrow artery or reim-
plantation in case of looping) (fig. 5, 6).

Fig. 5. Image of the double angulation [kinking] of the inter-
nal carotid artery.

Fig. 6. Image of normal origin of the internal carotid artery
—in CD option.

EVALUATION OF SIGNIFICANCE
OF THE ATHEROSCLEROTIC LESIONS

The atherosclerotic lesions may be described as:

— mild (in case of stenosis < 50% according to
NASCET,; excluding massive lesions in large bulbs
of the common carotid arteries and hypoecho-
genic lesions — recognized as high risk lesions),

— advanced (stenosis > 50% according to NASCET,
hemodynamically significant lesions, massive le-
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sions in large bulbs, hypoechogenic lesions, or
potential ulcerations of the lesion surfaces).
Doppler spectrum of the carotid arteries is different:
each examining physician should have knowledge about
this fact. Flow in the internal carotid artery is typically low-
resistant flow (low values of PI, high RI) as opposed to the
flow in the external carotid artery (highly resistant flow with
high values of PI, and low RI); in the artery, which is proxi-
mally patent, but highly occluded in a distal segment (e.g.
under the base of the skull, the blood inflows and outflows:
it causes extremely highly resistant flow with short increas-
ing waves and amplitude lowering, the positive values (in-
flow) are equal to the negative values (outflow) (fig. 7, 8).

Fig. 8. Moderately low-resistant flow — typical for the common
carotid artery.

Velocity values: they still remain the basic criterion for
evaluation of the degree of stenosis. Here is high variety
of criteria evaluating this degree based on: peak systolic
velocity (PSV), end-diastolic velocity (EDV) as well as PSV
and EDV indices. Only in NASCET trial, 6 criteria were de-
veloped for evaluation of the degree of stenosis based on
lesions in velocity values (9) — see the table 2.
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For this reason, it is important to unify criteria in a
given study center or provide information, according to
what criteria the degree of stenosis was evaluated.

DOPPLER BEAM CROSSING ANGLE

Values of the peak systolic velocity as well as end-di-
astolic velocity significantly change depending on the
beam crossing angle — the lower the angle, the low-
er flow values (10, 11). Optimal value for the angle is
45-60° (fig. 9). The attention has also to be paid to cor-
rect placement of the Doppler gate with selection of the
angle suitable to the direction of the flow lumen (12).

Fig. 9. The diagram showing correct placement of the Dop-
pler gate: (A) in the eccentric lesion (parallel to the stream
flow) and (B) the gate placed correctly to the lumen, which is
not pathologically changed (8).

MORPHOLOGICAL IMAGE
OF THE ATHEROSCLEROTIC LESIONS

In order to inform the reader, an important seems to
be reminding the basic concepts related to the most
frequently diagnosed disease, i.e. atherosclerosis. The
atherosclerosis begins in early childhood, but it takes
a few decades of life for development and evolution of
the atherosclerotic plaques responsible for neurologi-
cal symptoms. While we observe the plaque develop-
ment related to proliferation of the smooth muscles,
the matrix synthesis and lipid accumulation, which is
the whole process leading to stenosis of the vessel, we
have to take into consideration that in majority of the
patients with atherosclerotic stenosis of the carotid ar-
teries, in principle, this process is asymptomatic. It may
be undoubtedly stated that atherosclerotic process is
a mild disease in this (majority) group of patients. This
is significantly important, because it relates to the ce-
rebral circulation, which is circulation with significant
compensative abilities. To a large extent, the fact that
severe lesions are not hemodynamically significant (it
relates to the low resistance of the cerebral circula-
tion and compensation from the other side, which is
efficient in over 86% of the patients), definitely differ-
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SUMMARY

Physicians performing the ultrasound evaluation
and describing its result have to be aware that this re-
sult may lead to a decision on conservative or surgi-
cal treatment of a patient. None of these strategies is
free from limitations and if ultrasound evaluation result
is inconsistent with actual condition, it may result in
inaccurate treatment strategy with results, which are
potentially dangerous for the patient (14). Therefore,
description of each evaluation should include as much
information included in the table 2 as possible.

Table. 2. Information, which should be included in report of
the carotid arteries evaluation.

—_

. Personal data of the patient etc.
2. Establishing patency of CCA, ICA, ECA and vertebral arteries.

3. Presence of anatomical alterations (e.g. vertebral artery
hypoplasia — anatomically normal phenomenon).

4. Parameters: PSV, EDV for each of CCA, ICA, ECA.

5. Estimated degree of stenosis:
— velocities (according to what criteria?),
— from the diameter (according to what method, NASCET or
ECST?) or
— from the section area.

6. Diameter of ICA above each of the stenoses, presence of
potential kinking.

7. Length of each of the stenoses.

8. Clear description of each of the atherosclerotic plaques:
— type of echogenicity of the plaque (alternatively value of
median of GSM),
— nature of the surface (smooth/irregular — defects i.e.
“ulcerations” or clots around the plaques).

9. The level of bifurcation of the carotid artery in reference to
the angle of the mandible.

10. Vertebral arteries:
— flow direction,
— potential hypoplasia,
— potential degree of steal in case of reversed flow direction,
— shape of the canal for the vertebral artery (angulations,
kinking).
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