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Diagnostic criteria for the determination of clinically significant internal carotid
artery stenosis using duplex ultrasound

Karel Gorican?, Miroslav Chochola®, Miroslav Kocik?, Ales Zak®

Background. Carotid endarterectomy is beneficial in symptomatic patients with >70% stenosis at the bifurcation of the
internal carotid artery. The fact that the duplex ultrasound is widely used, inexpensive and non-invasive for examination
of the carotid arteries underlines the importance of high accuracy of this method for grading internal artery stenosis.
Patients and Methods. Duplex scans and arteriograms of carotid arteries of 142 patients were reviewed. Peak and
end-diastolic velocities of the common and internal carotid arteries were recorded, and the percent stenosis of the
internal carotid artery was determined by arteriogram. Receiver-operator characteristic curves of sensitivity, specificity,
positive and negative predictive values and accuracy were determined.

Results. The recommended criteria for the detection of >70% stenosis of the internal carotid artery were: peak systolic
velocity in the internal carotid artery =215 cm/s, end-diastolic velocity in the internal carotid artery 265 cm/s, ratio of
peak systolic velocities in the internal and common carotid arteries >2.7 and ratio of the end-diastolic velocities of the
internal and common carotid arteries >3.7.

Conclusion. These criteria allow for reliable determination of internal carotid artery stenosis >70% by duplex ultra-
sound.
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INTRODUCTION MATERIAL AND METHODS

In the Czech Republic, stroke is a serious national We used duplex ultrasound over a period of 34 months
health problem. It is, after ischaemic heart disease and to examine 142 patients who also had an angiography
cancer, the third most common cause of death. In men it  of their carotid arteries performed within 4 days to four
accounts for 16%, and in women 18.4%, of all deaths due = weeks of the ultrasound. The patient file included 98 men
to circulatory diseases. Statistical data give the number  and 44 women, age 36 to 83 years, average age 64.2 years.
of deaths due to cerebrovascular disease in 2017 as 8504  From this group of 284 carotid arteries examined angio-
persons, 57% of these were women'. graphically and by ultrasound, all patients with an oc-

Internal carotid artery stenosis is an important cause  cluded common or internal carotid artery were excluded
of ischemic stroke?. The results of large intervention stud- (27 arteries = 9.5%) as well as all patients with an oc-
ies have shown that prompt surgical treatment reduces cluded or more than 50% stenosis of the brachiocephalic
significantly stroke mortality and morbidity in patients  trunc, or with a more than 50% stenosis of the common
with a >70% symptomatic stenosis of the internal carotid  carotid artery (15 arteries = 5.3%), or patients with a bi-
artery?, and there is also some benefit in patients with  lateral internal carotid artery stenosis of 60% or more
50-69% stenosis®. The criteria for the determination of the (40 arteries = 14.1%). Angiography that did not reach an
severity of internal carotid artery stenosis using duplex excellent technical quality for exact measurement were
ultrasound published so far are not directly applicable in  not used for final measurement (49 arteries = 17.3%). The
a different ultrasound laboratory’. We have decided to set  final set used for further evaluation thus included 153
our own diagnostic criteria for the determination of inter- (= 53.9%) carotid arteries.
nal carotid artery stenosis >70% using duplex ultrasound. A Sonos 2500 color duplex system with a 7.5 MHz

linear vascular transducer was used for the ultrasound
examination. The whole cervical carotid arteries were
scanned using B mode and color flow mapping, velocity
measurement was performed at location where stenosis
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was suspected. Peak systolic and end diastolic velocities
at 60° incidence angle were measured in the common
carotid artery 1 cm below of the bulb, and then in the
proximal internal and external carotid artery.

Intraarterial digital subtraction angiography was used
for the angiographic examination. The imaging of the ar-
teries dividing from the aortic arch was followed by selec-
tive angiography of the bifurcation of the carotid arteries
in at least two projections. The diameter of the narrow-
est part and the distal part of the internal carotid artery
where it regained a stable diameter were measured under
magnification. The measured values were then used to
calculate the stenosis in % - NASCET method®.

The data acquired by duplex ultrasound examination
were used to calculate sensitivity, specificity, positive and
negative predictive values and accuracy for the group of
patients with a >70% stenosis of the internal carotid artery
demonstrated on angiography.

All duplex ultrasound examinations were performed
by single vascular sonographer (Karel Gorican), all an-
giographic examinations were performed and read by in-
terventional radiologist (Miroslav Chochola).

RESULTS

A >50% stenosis of the internal carotid artery was
present in 76 cases (49.7%), and a >70% stenosis was pres-
ent 63 cases (41.2%) of angiographic findings. Diagrams
2 to 5 show the courses of sensitivity, specificity, positive
and negative predictive values of monitored parameters:
peak systolic velocity, end diastolic velocity in internal
and common carotid arteries and the ratio of peak systolic
and end diastolic velocities in the internal and common
carotid arteries in patients with a >70% stenosis of the
internal carotid artery in the angiographic reading.
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Fig. 1. Peak systolic velocity in the internal carotid artery.
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Fig. 2. Enddiastolic velocity in the internal carotid artery.
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Fig. 3. Ratio of peak systolic velocities in the

internal and common carotid artery.
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Fig. 4. Ratio of enddiastolic velocities in the internal and common carotid arteries.

For the peak systolic velocity at the division of the
internal carotid artery, the highest accuracy rate during
the determination >70% stenosis was >215 cm/s. (Fig.
1). In higher velocities, a drop in sensitivity and negative
predictive value and simultaneous small enhancement of
specificity and positive predictive value were observed.

For end diastolic velocity in the internal carotid ar-
tery, the highest accuracy rate during the determination
of >70% stenosis was >65 cm/s. At higher velocities a
rapid decline of sensitivity, negative predictive value and
accuracy, and simultaneous slight increase of specificity
were observed (Fig. 2).

During the evaluation of the ratio of peak systolic ve-
locities in the internal and common carotid artery for
the determination of >70% stenosis, the highest accuracy
was observed at the value of >2.7. Higher values of this
ratio are accompanied by a sharp drop in sensitivity and
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negative predictive value, and simultaneous increase of
specificity a positive predictive value (Fig. 3).

During the evaluation of the ratio of end diastolic ve-
locities in the internal and common carotid arteries for
the determination of >70% stenosis, the highest accuracy
was observed at the value of >3.7. A further increase of
this ratio leads to a rapid decrease in sensitivity a negative
predictive value, and simultaneous rise of specificity and
positive predictive value (Fig. 4). Table 1. and 2. contain
the proposed diagnostic criteria.

DISCUSSION

Extracranial internal carotid artery atherosclerosis
is an important cause of large-vessel stroke’. The most
frequently affected site is the bifurcation of the internal
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Table 1. Suggested velocity criteria for determination of >70% stenosis.

Criterion: Sensitivity Specificity PPV NPV Accuracy
(%) (%) (%) (%) (%)

V MAX ICA >215 cm/s 98 98 98 98 98

EDV ICA >65 cm/s 89 98 98 93 95

VMAXICA/V MAX CCA >2.7 92 93 91 94 93

EDV ICA/EDV CCA >3.7 86 98 96 91 93

PSV = peak systolic velocity, EDV = end-diastolic velocity, ICA = internal carotid artery, CCA = common carotid artery, PPV = positive predic-

tive value, NPV = negative predictive value.

Table 2. Combined velocity criteria for determination of >70% stenosis.

Criterion Sensitivity ~ Specificity PPV NPV Accuracy n*
(%) (%) (%) (%) (%) (%)
PSV ICA + EDV ICA 97 99 98 97 98 56 (89)
PSV ICA + PSV ICA/PSV CCA 98 99 98 99 98 56 (89)
PSV ICA + EDV ICA/EDV CCA 98 100 100 99 99 59 (94)
EDV ICA + PSV ICA/PSV CCA 98 98 98 99 98 52 (83)
EDV ICA + EDV ICA/EDV CCA 96 99 98 97 98 54 (86)
PSV ICA/PSV CCA + EDV ICA/EDV CCA 97 99 98 98 98 56 (89)

PSV = peak systolic velocity, EDV = end-diastolic velocity, ICA = internal carotid artery, CCA = common carotid artery, PPV = positive predictive
value, NPV = negative predictive value. *n (and percentage) of patients who met the combined criteria of the total of 63 patients with >70% stenosis.

Table 3. Published Duplex velocity criteria for grading of 70% internal carotid artery stenosis.

Author, year Machine V max ICA V min ICA Vmax ICA/CCA  Vmin ICA/CCA Ref.
Robinson, 1988 Acuson >225 >75 >3 19
Hunik, 1993 Acuson >230 6
Moneta, 1993 Different >325 >110 6
Faught, 1994 Different >130 and >110 20
Neale, 1994 Acuson >270 and >110 6
Eliasziw, 1995 Different 250-375 34.5 21
Carpenter, 1996 HP Sonos >210 >70 >3 >3.3 6
Nicolaides,1996 Different >250 >4 >15 22
Hood, 1996 QAD2000 >130 and >110 23
Chen, 1998 Acuson >125 and >135 24
AbuRahma,1998  ATL >150 and >90 6
Huston, 2000 Acuson >230 >70 >3.2 6

Vmax = peak systolic velocity, V min = enddiastolic velocity in cm/s.

carotid artery, the involvement is bilaterally symetric. Two
in three patients with a pathological finding on cerebral
angiography have simultaneous involvement of multiple
vessels®.

The first surgical treatment - plastic surgery - of this
disease was performed in 1953 by DeBakey?’; the first end-
arterectomy of a stenosis at the bifurcation of the inter-
nal carotid artery performed by Eascott in 1954 (ref.!).
The number of such interventions increased rapidly in
the following decades. Frequent perioperative complica-
tions and effort to find out which patients will profit from
such treatment led to the establishment of a number of
clinical studies. The first of these did not demonstrate
any favorable impact of surgical treatment because of the
large number of complications'!. It was not until the re-
sults of large interventional trials were published in the
early 1990s when it became evident that surgical treat-
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ment - unlike treatment by medication alone - leads to a
significant reduction of the number of cerebral vascular
accidents in symptomatic patients with internal carotid ar-
tery >70% stenosis defined on angiography'?. In the men-
tioned studies, patients were indicated for endarterectomy
on the basis of angiografic findings. The results from the
asymptomatic carotid trial were similar for asymptomatic
patients®. Since duplex ultrasound is the most often used
method of examining carotid arteries, these conclusions
imply its large importance also for the accurate evaluation
of the severity of internal carotid artery stenosis.

The evaluation of the severity of carotid artery stenosis
on ultrasound examination is based on the evaluation of
the ultrasound tomogram and on doppler examination.
The evaluation of less significant stenosis is performed
in almost all patients by measurement of the diameter
or area on the ultrasound tomogram. The evaluation of
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significant stenosis is usually carried out on the basis of
doppler examination.

Comparison of our results with published data
(Table 3) shows that the former are close to those mea-
sured by Carpenter 1996 (ref.?).

Our data, however, diverge from those published by
other authors, sometimes significantly. There are several
explanations. First, it must be pointed out that the veloc-
ity measurement is investigator dependent and the results
are influenced by individual deviations in methodology
and personal experience. The detection of sites of peak
systolic velocity may not be simple and fast in all patients.
Not taking this fact into account may lead to incorrect
results or to a situation when the patient manifests a dif-
ferent stenosis on the basis of systolic criteria than on
the basis of end diastolic velocities. This phenomenon
evokes the question of which of the provided parameters
is “better” for the evaluation of the severity of the stenosis.
There is no brief answer and the fact that more param-
eters are used to evaluate stenosis indicates that none of
them is optimal on its own. If velocity values do not allow
a definite inclusion of a patient into a defined category,
the recommendation is to repeat carefully the whole ex-
amination. Literature usually gives peak systolic velocity
in the stenosis as the most reliable of these parameters'.
The prerequisite, however, is the achievement of a signal
of adequate quality from the site of the real velocity peak.
An important reason for the observed differences may be
the different equipment used. The comparison of mea-
surements of constant velocities on six modern duplex
systems demonstrated ranging of the results from -4 to
+47%, until today these findings were not ruled out".

It is also necessary to take into account that systolic
velocities in very tight stenoses may be actually lower due
to decrease of blood flow volume. Another explanation
for low systolic velocities in significant stenosis is hypo-
perfusion of the carotid artery caused, for instance, by
a significant stenosis or occlusion located more distally.
Another cause for low systolic velocities is low cardiac
output. In such cases the grading of the stenosis severity
is based on pathological values of the systolic and end dia-
stolic velocities ratios. Velocity measurement performed
in dilated segments of arteries leads to lower velocities.

Hyperperfusion of carotid arteries may be global or
unilateral. Bilateral hyperperfusion may be found e.g. in
some types of arteriovenous malformations or hyperthyre-
oidism. Unilateral hyperperfusion is found in some types
of arteriovenous malformations and typically in patients
with counter-lateral significant stenosis or occlusion.
Not taken this finding into consideration may lead to the
overestimation of the severity of the stenosis. The end
diastolic velocity is influenced by the actual heart rate or
arrythmias. This might explain the lower predictive value
during the demonstration of the stenosis (Table 1).

Severe aortic stenosis or regurgitation and hypertro-
phic cardiomyopathy my significantly change the doppler
waveforms!.

The experience acquired during the processing of our
group of patients leads us to the opinion that an impor-
tant factor in the determination of diagnostic criteria is
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the appropriate selection of patients for the basic cohort
used for further analysis. We believe, that we should not
use single criteria based on the processing the data of
all examined patients to evaluate the findings of patients
with significant bilateral involvement of the bifurcation
of carotid arteries (i.e. unilateral carotid artery occlusion
and stenosis of the other artery, or bilateral significant
internal carotid artery stenosis). The data of the whole
patient file include a mixture of at least three different
groups of patients - patients without stenosis, patients
with unilateral stenosis or occlusion, patients with signifi-
cant bilateral stenosis or occlusion. In the case of patients
belonging to the last-mentioned group the pressure gradi-
ent, and thus also velocity, in the stenosis are significantly
affected by a counter-lateral patency defect. That is why
we have included for the purposes of further processing
only those patients in our cohort who had not a simulta-
neous occlusion on one side and stenosis of over 60% on
the other and patients with significant bilateral stenosis.
This approach is new and criteria defined in this manner
are appropriately applicable only to patients who meet
the above-mentioned requirements - which has been most
of them in this case. Patients with a bilateral significant
carotid artery stenosis or occlusion should be evaluated
individually, because of the hyperperfusion in the patent
artery leading to an over-estimation of the significance
of the stenosis.

A useful ancillary method for the detection of signifi-
cant stenosis at the bifurcation of the internal carotid ar-
tery is the examination of flow in the ophthalmic artery
or its branches and transcranial doppler examination'.
In a number of cases, duplex ultrasound does not allow
the direct imaging of the proximal sections of the carotid
arteries and branches of the aortic arch. It is evident from
a comparison of angiographic and ultrasound findings
that duplex ultrasound will document reliably proximally
located significant stenosis and occlusions'®. Similarly, on
the basis of doppler velocity measurement it is possible to
detect more distally located significant stenosis or occlu-
sion of the internal carotid artery on duplex ultrasound.

In a small number of patients, the examined site is
concealed in the shadow of calcification and does not
allow either of the methods of examination. It is then
necessary to try to image the target area using more atypi-
cal views. Doppler examination of more proximally and
distally located segments of the vessel may, in such cir-
cumstances, provide valuable information.

CONCLUSION

The main reason for the determination of diagnos-
tic criteria is that they allow the reliable selection of pa-
tients for endarterectomy, other type of intervention or
angiographic examination. The established velocity cri-
teria involving defined sensitivity, specificity and other
parameters, make it possible to determine patients with
a 70% or narrower stenosis at the origin of the internal
carotid artery.

In view of what has been said above, and also of the
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fact that a number of works presenting these criteria use
different ultrasound systems, the criteria set in this man-
ner are not widely applicable and cannot be used directly
by other ultrasound laboratories. It is recommended that
every ultrasound laboratory indicating patients for carotid
artery intervention should test the published criteria on a
sufficient number of patients. Continuous checks of the
quality of duplex ultrasound findings by comparing them
with the ultrasound findings is necessary even after the
determination of the diagnostic criteria’. This is the only
way ensuring the greatest possible reliability for discrimi-
nation of significant stenosis - which is one of the risk
factors for stroke.
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