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and most are due to carotid stenosis. Ultrasound is the most commonly used technique for
diagnosing carotid stenosis. Changes in blood flow velocity at the point of maximum stenosis,
together with haemodynamic changes in proximal regions (common carotid artery) and distal
regions (poststenotic internal carotid, ophthalmic artery, and the circle of Willis), allow us to
measure carotid stenosis precisely. This review explains the methodology to be followed when
evaluating carotid stenosis ultrasonographically, according to the recommendations from the
Spanish Society of Neurosonology (SONES). We review the findings that permit us to measure
the degree of extracranial carotid stenosis using both carotid and transcranial ultrasound, with
particular emphasis on the importance of assessing indirect signs.

© 2012 Sociedad Espafola de Neurologia. Published by Elsevier Espana, S.L. All rights reserved.

Cuantificacion ultrasonografica de la estenosis carotidea: recomendaciones de la
Sociedad Espafola de Neurosonologia

Resumen En Espafa se estima que aproximadamente un 28% de los ictus isquémicos son
de etiologia aterotrombdtica y mayoritariamente se deben a una estenosis carotidea. La
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ultrasonografia es la técnica mas habitual para el diagnostico de la estenosis carotidea. Las

Doppler; alteraciones de la velocidad de flujo en el punto de maxima estenosis junto con los cambios
Transcraneal; hemodinamicos en regiones proximales (arteria carotida comin) y distales (cardtida interna

Daplex-color;
Ultrasonografia

postestendtica, arteria oftalmica y poligono de Willis) permiten cuantificar con precision la
estenosis carotidea. En esta revision se detalla la metodologia para la evaluacion de la estenosis

carotidea desde el punto de vista ultrasonografico, siguiendo las recomendaciones de consenso
establecidas por la Sociedad Espaiiola de Neurosonologia (SONES). Se revisan los hallazgos que
permiten cuantificar el grado de estenosis carotidea extracraneal utilizando tanto el estudio
ultrasonografico carotideo como el transcraneal, con un especial énfasis en la importancia de
la valoracion de signos indirectos.

© 2012 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espana, S.L. Todos los derechos

reservados.

Introduction

It is estimated that 28% of ischaemic strokes occurring in
Spain are atherothrombotic in origin, and that most are
caused by carotid stenosis." TIA precedes a disabling infarct
in up to 43% of patients with a stroke of atherothrombotic
origin." With this in mind, identifying and treating arterial
stenosis correctly is a top priority. The risk of recurrence
is particularly high in strokes with an atherothrombotic
mechanism.? The degree of stenosis of the internal carotid
artery (ICA) is the most important indicator of risk of stroke,
and the basis on which doctors decide if endarterectomy is
needed.?’

The NASCET** and ECST® studies showed that under
certain conditions, carotid endarterectomy effectively pre-
vented stroke recurrence in patients with symptomatic
stenosis >70% who had experienced TIA or mild cerebrovas-
cular event. The procedure was assigned a recommendation
level of A since it decreased overall risk of new cerebrovas-
cular events by about 50% compared to a group receiving
medical treatment only.*> In cases of stenosis >70%, 24.4%
of patients receiving medical treatment experienced recur-
rence during a 2-year follow up period. The recurrence rate
was only 7.2% in patients who also underwent surgical treat-
ment. Risk levels were higher for stenosis exceeding 90%
(35% of all vascular events/year) than for stenosis in the
70% to 79% range or stenosis >99% (yearly risk of 11%).*
Although surgery may be beneficial for patients with symp-
tomatic stenosis of 50% to 70% or asymptomatic stenosis,
surgical treatment — whether endarterectomy or angio-
plasty with/without stenting — must be considered on a
case-by-case basis. Recall that benefits are less marked in
cases of moderate stenosis (50%—70%) and marginal in cases
of asymptomatic stenosis.

Vascular imaging techniques used to diagnose carotid
stenosis have advanced considerably in recent years,
especially ultrasound imaging.'® Although different expert
consensus groups have attempted to set down crite-
ria for diagnosing and quantifying carotid stenosis using
ultrasound,'"~"3 they do not agree on which haemodynamic
parameters should be used. Likewise, the usefulness of per-
forming transcranial Doppler or duplex sonography to assess
distal effects of carotid stenosis is unclear." This review
explains sonography methods used in evaluating carotid
stenosis and follows the consensus recommendations issued
by the Spanish Society of Neurosonology (SONES).

Measuring carotid stenosis using sonography

In the NASCET?>* and ECST® studies, in which carotid
endarterectomy is indicated for symptomatic patients,
carotid stenosis is quantified using conventional angiogra-
phy. Measurement methods differ, but they are comparable,
and the results they produce may be considered complemen-
tary. For purposes of providing a haemodynamic assessment
of carotid stenosis in this review, ultrasound results will
be used and normalised according to the degree of steno-
sis measured in the angiography by following the method
described in the NASCET study (Fig. 1).

Parameters to be analysed in a carotid
stenosis study

The most frequently used parameters for measuring degree
of stenosis are peak systolic velocity (PSV) and end-diastolic
velocity (EDV). Changes in flow velocity at the point with
the greatest arterial stenosis, known as direct signs, are
most commonly used to measure the degree of stenosis.
Indirect signs are the haemodynamic changes resulting from
carotid stenosis that are observed in the common carotid
artery (CCA), the post-stenotic extracranial segment of
the ICA, or intracranial circulation. These changes indicate
that haemodynamically significant stenosis or occlusion is
present. Systolic and diastolic indexes, a series of indexes
including both direct and indirect signs, are typically used to
evaluate special situations. The parameters most frequently
employed to assess carotid stenosis, according to validation
studies published in the literature,> ' are shown in Table 1.

Method of measuring carotid stenosis

Arterial stenosis should preferably be assessed using colour
duplex sonography to capture images of the arterial wall
in longitudinal and transverse planes. Longitudinal images
may be difficult to capture in some patients, and in such
cases it may be useful to obtain a coronal projection of
the artery by placing the transducer behind the stern-
ocleidomastoid. Viewing the arterial wall is a means of
measuring carotid intima-media thickness and determining
if and where atheromatous plaque may be present.
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Endarterectomy superior to medical treatment

NACET: >70% and in selected patients with 50%—-70% stenosis
ACST: >70%, revise indications for each

Figure 1  Method for quantifying carotid stenosis according to the NASCET and ECST studies; main results and benefits of carotid
endarterectomy.
Table 1 Haemodynamic criteria for establishing the degree of carotid stenosis.
Criteria Degree of arterial stenosis
<50% 509%—69% 70%—79% 80%—89% >90% Occlusion
Direct signs
PSV <125 125-230 >230 >300 Variable NA
EDV <40 40—-100 >100 Variable Variable NA
Indirect signs
Post-stenosis PSV in ICA Normal Normal >50 <50 <30 NA
Collateral flow in OA No No No/| /inverted J/inverted J/inverted J/inverted
Collateral flow in CW No No No/present Present Present Present
Indexes
Quotient of PSV,ca/PSVcca <2 >2 >4 Variable NA

CCA: common carotid artery; ICA: internal carotid artery; OA: ophthalmic artery; NA: not applicable; CW: circle of Willis; EDV: end-

diastolic velocity; PSV: peak systolic velocity.

Once it has been located, arterial stenosis is measured
based on haemodynamic parameters (direct and indirect
signs), and not according to the decrease in diameter or
the area of the arterial lumen on a B-mode ultrasound.
Measuring diameters or areas visible on ultrasound images
taken with any mode is not an accepted method of calculat-
ing stenosis. Its sensitivity and specificity are considerably
lower than those of digital subtraction angiography analy-
sis of anatomical pathology specimens. As will be described
shortly, colour duplex sonography (power Doppler) may help
in specific cases of pre-occlusive stenosis.

When measuring PSV and EDV, the insonation angle should
be as nearly parallel as possible to the direction of the blood
flow. If necessary, the angle can be modified to obtain a peak
velocity reading at the insonation point, but the angle should
not be corrected by more than 60°. The entire stenotic area
must be examined to pinpoint the location of the peak veloc-
ity corresponding to the area with the greatest stenosis.

Doctors must determine direct signs, i.e. PSV and EDV, at
the point of maximum stenosis. PSV and EDV should always
be measured for the CCA. Patients with suspected stenosis

>50% should always undergo a blood flow assessment for the
post-stenotic extracranial segment of the ICA, ophthalmic
artery, and intracranial arteries.

The systolic and diastolic indexes (Table 2) are of par-
ticular interest in patients presenting carotid stenosis in
addition to stenosis or occlusion of the contralateral carotid
artery; those with tandem lesions; and those with a hyper-
dynamic or hypodynamic circulatory state (for example,

Table 2 Calculation of haemodynamic indexes most fre-
quently used to measure carotid stenosis.

MV =PSV +2 EDV/3

PI=PSV — EDV/MV

RI=PSV — EDV/PSV

Systolic index = PSVca/PSVcca
Diastolic index = EDV|ca/EDVcca

Mean velocity

Gosling pulsatility index
Pourcelot resistance index
Systolic index

Diastolic index

CCA: common carotid artery; ICA: internal carotid artery; PI:
pulsatility index; RI: resistance index; MV: mean velocity; EDV:
end-diastolic velocity; PSV: peak systolic velocity.
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fever, anaemia, hypothyroidism, hyperthyroidism, bradycar-
dia, etc.). In such situations, estimates of stenosis based on
PSV and EDV alone may be erroneous.

We recommend measuring stenosis using intervals rather
than absolute values. Recommended intervals are as fol-
lows: <50%, 50%—69%, >70% (can be subdivided as 70%—79%,
80%—90%, and >90%) and occlusion.

Haemodynamic criteria for quantifying carotid
stenosis

There is still debate over which haemodynamic parameter
is the best for evaluating the degree of stenosis, but the
most commonly used and reliable is probably PSV (Table 1).
Nevertheless, in addition to elevated PSV, changes in flow
in the post-stenotic extracranial segment of the ICA, the
ophthalmic artery, and intracranial arteries also indicate
stenosis >70%. Where blood flow is extremely reduced or
absent (for example, occlusion caused by hypoechogenic
intraluminal material, as occurs in arterial dissections or
distal occlusions caused by embolic material), the carotid
study may appear to be normal. Nevertheless, transcranial
Doppler duplex imaging will reveal the presence of a signif-
icant degree of carotid stenosis.

We will now describe findings broken down by the degree
of arterial stenosis.

Internal carotid stenosis of less than 50%

Carotid stenosis of less than 50% has no haemodynamic
repercussions, and therefore flow velocity measurements
are normal in these cases.

Direct and indirect findings in the carotid artery

Small plaques may be apparent, but PSV is less than 125cm/s
and EDV is less than 40 cm/s for all the examined segments.
The systolic index (PSV ICA/PSV CCA) in the internal carotid
and common carotid arteries is less than 2. Plaques located
in the carotid sinus and impeding normal dilation of the arte-
rial lumen may cause the turbulent pattern typical at this
level to be replaced by a laminar flow pattern with velocity
in normal ranges.

Indirect findings in the transcranial Doppler/duplex
study

Stenosis <50% does not result in a decrease in cerebral
flow. Studies of ophthalmic arteries and the transcranial
Doppler/duplex study will therefore yield normal results.

Internal carotid artery stenosis of 50% to 69%

Carotid stenosis exceeding 50% will begin to show
haemodynamic repercussions. Flow velocity will increase at
the point of maximum stenosis, and so will the risk of plaque

rupture (vulnerable plaque, with a risk of distal embolisation
or thrombosis and occlusion in situ).

Direct and indirect findings in the carotid artery

Carotid stenosis levels of 50% to 69% are associ-
ated with a discrete increase in flow velocity with a
PSV>cm/s (125—230cm/s) and an EDV of 40% to 100cm/s.
Haemodynamic alterations are not typically observed in
either the common carotid artery or the post-stenotic seg-
ment of the extracranial ICA when stenosis is between
50% and 69%. The systolic index (PSV ICA/PSV CCA) in the
internal carotid and common carotid arteries is >2 (2—4).
Some patients with degrees of stenosis approaching 69% may
present a PSV somewhat higher than 230cm/s, even when
indirect local and intracranial haemodynamic changes are
absent.

Indirect findings in the transcranial Doppler/duplex
study

Given that stenosis in the 50%—69% range does not provoke
a decrease in cerebral blood flow, transcranial Doppler or
duplex ultrasound findings will be normal or nearly so, with
symmetrical middle cerebral arteries (MCAs) and ortho-
dromic anterior cerebral arteries (ACAs). Changes in blood
flow in ophthalmic arteries are not typically observed.

Internal carotid artery stenosis of 70% to 79%

The most clinically relevant cut-off point for stenosis is 70%,
since this is usually the threshold at which revascularisation
treatment is necessary. Measuring direct signs alone is not
a reliable method of establishing that stenosis has reached
the 70% cut-off point; evaluating indirect signs is also an
important part of this process.’>?°

Direct and indirect findings in the carotid

While every laboratory must validate its own normal values,
a PSV >230cm/s tends to correspond with stenosis > 70%.
The acoustic window of the Doppler wave form disap-
pears or decreases and the end-diastolic velocity increases
(>100cm/s) to maintain a constant total cerebral blood
flow. Indirect signs may include a decrease in flow veloc-
ity and a discrete increase in the pulsatility index (PI) in
the ipsilateral CCA. It is also possible to detect changes in
the post-stenotic segment of the ICA with blood flow veloc-
ities >50cm/s. The systolic index (PSV ICA/PSV CCA) in the
internal carotid and common carotid arteries tends to be >4.

Indirect findings in the transcranial Doppler/duplex
study

A 70% degree of stenosis is still associated with normal
cerebral blood flow. Blood flow remains normal due to the
increase in flow velocity in both systole and diastole, and
transcranial ultrasonography studies should therefore yield
normal results. The haemodynamic finding that can typically
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be detected in intracranial arteries is a discrete decrease in
Pl of the ipsilateral MCA compared to the normal MCA. This
is due to the decrease in cerebral perfusion caused by ICA
stenosis. Blood flow in the ophthalmic artery is usually nor-
mal. To summarise, a case of 70% stenosis (Table 1) may
present changes in the distal haemodynamic pattern with
null or inverted velocity in the ipsilateral ophthalmic artery
and presence of collateral flow through the anterior or pos-
terior communicating arteries (ACA or PCA) with stenosis
>80%. This will be described in detail in a later section.

Severe internal carotid artery stenosis (80% to
90%)

Direct and indirect findings in the carotid

The most relevant direct finding is aPSV of more than
300cm/s. In contrast, EDV is variable, and tends to decrease
as the degree of stenosis increases. Indirect signs detectable
in the ipsilateral CCA include reduction in both PSV and EDV,
especially in the latter (CCA externalisation), which results
in increased PIl. Post-stenotic ICA flow disorders are also
present, with PSV levels <50cm/s. On some occasions, due
to the presence of major turbulence in the post-stenotic seg-
ment, a ragged waveform and a characteristic sound (shot
noise) are detected. Images taken with colour Doppler mode
showed the ‘confetti phenomenon’.

The systolic index (PSV ICA/PSV CCA) in the internal
carotid and common carotid arteries is >4. Another param-
eter that can be used is the resistance index (Rl) of the
internal and common carotid arteries (Rl ipsilateral CCA/RI
contralateral CCA) where RI>0.15.

If the study of direct haemodynamic parameters is incon-
clusive, a diagnosis of stenosis >80% can be accepted based
exclusively on indirect signs if at least 2 of the following
criteria can be confirmed: IR>0.15, blood flow inversion
in the ipsilateral ophthalmic artery, or inversion in the A1
segment of the ipsilateral ACA.”’

Findings in the transcranial Doppler/duplex study

Stenosis exceeding 80% is associated with a drop in cere-
bral perfusion pressure and overall ipsilateral cerebral blood
flow. The MCA ipsilateral to stenosis will be dampened with
a decrease in Pl and a slow systolic rise (‘tent pattern’).
Mean velocity and total cerebral blood flow in the MCA may
or may not be normal, depending on the quality of collateral
circulation through the ACA and PCA.

Blood flow in the ipsilateral ACA will be inverted, while
flow in the contralateral ACA will be orthodromic and
accelerated, typically with a normal or low Pl (collateral
circulation pattern with low resistance, similar to those in
arteriovenous malformation). This is produced by collateral
circulation through both the ACA and long circumferential
arteries. Depending on the resistance in the ACA (which in
turn results from its diameter and length, if the artery is
not hypoplastic or absent), compensation will be more or
less effective. A bruit can usually be detected at the level
of the ACA, and it will be more pronounced in cases of

greater insufficiency. The presence of marked arterial bruit,
normally presenting in the form of low-frequency systolic
turbulence and sometimes associated with a high-pitched
diastolic murmur in medium frequencies, demonstrates poor
collateral circulation. This reflects the ACA’s inability to
pass the flow volume required by the ipsilateral hemisphere
through the carotid stenosis.

The PCA will also irrigate the hemisphere ipsilateral to
the lesion. A functioning PCA will be associated with asym-
metry at the level of right-left P1 due to increased flow in
the P1 segment ipsilateral to stenosis. Finding increased flow
in the ipsilateral P2 segment points to the presence of col-
lateral circulation through the long circumferential arteries.
As in the case of the ACA described above, a harsh or high-
pitched murmur at the level of the ipsilateral PCA reflects
PCA insufficiency and failure of collateral circulation in gen-
eral. Findings from the ophthalmic artery will vary greatly,
from reduced to null to inverted flow; this depends on the
functioning of the ACA and PCA.

The contralateral MCA tends to present an increased flow
pattern; collateral flow may also be observed in this case in
the long circumferential arteries.

Internal carotid artery stenosis > 90%
Direct and indirect findings in the carotid

Increases in velocity in carotid stenosis are proportional to
the degree of stenosis as long as stenosis remains below
about 90%. Above that threshold for extremely pronounced
carotid stenosis, resistance to blood flow is so high that
PCV decreases at the point of stenosis and reaches a veloc-
ity of 0 in cases of arterial occlusion. It is obvious that
in cases of pre-occlusive stenosis, changes in PCV have a
lower diagnostic value and diagnosis will be based essen-
tially on indirect signs. Diagnosis by means of indirect signs
is usually a straightforward process, considering the major
haemodynamic repercussions of the stenosis. Cerebral brain
flow decreases distal to stenosis and resistance increases
proximal to the point of stenosis.

The Doppler waveform will be ragged at the point of
stenosis, with loss of acoustic window due to disappearance
of the normal laminar flow.

A clear increase in Pl in the common carotid artery
is often found proximal to the stenosis. The Pl quotient
between the two common carotid arteries will be asymmet-
rical, and decreased flow volume in the ipsilateral common
carotid is usually present. The segment of the ICA distal to
stenosis will show a dampened pattern with PCV <30cm/s.

Colour mode is particularly useful in cases of pre-
occlusive stenosis, which should be studied using longitudi-
nal and axial slices and both flow-velocity mode and power
Doppler imaging. We recommend using the lowest possible
pulse repetition frequency since the purpose is to identify
slow-moving flows that allow us to confirm ICA permeabil-
ity. Power Doppler mode is especially useful in such cases;
it is able to detect slow blood flow and it is more sensi-
tive than colour mode. Power Doppler mode generates a
signal according to the amplitude of the ultrasonic wave
(as this is related to red blood cell mass, it has little to
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do with flow velocity). In contrast, standard colour mode
bases the signal obtained on the frequency of the ultra-
sonic wave, and this frequency is very low when velocity
approaches 0 or when flow inversion is present. It is used to
detect any residual flow to determine if surgical treatment
should be indicated. This will prevent false-positive diag-
nosis of carotid occlusion.?? Distinguishing between stenosis
and occlusion is sometimes difficult, but extremely impor-
tant from a clinical perspective.?

Indirect findings in the transcranial Doppler/duplex
study

The pattern is similar to that described for degrees of steno-
sis > 80%.

Internal carotid artery occlusion

The comments and haemodynamic patterns given for steno-
sis>90% also apply to carotid occlusion. As stated above,
indirect signs (which are very obvious in carotid occlusion)
must be carefully evaluated so as not to erroneously inter-
pret the Doppler/duplex study of supra-aortic trunks as
normal.

A characteristic biphasic, short, and low-velocity pat-
tern can be found immediately proximal to the point of
occlusion on spectral Doppler or colour-mode sonography
(colour image shows orthodromic and antidromic flows,
red—blue, proximal to the occlusion). These findings are
helpful although not very specific. In acute occlusions, which
may be atherothrombotic or due to more infrequent causes
(cardiac embolus impaction in proximal ICA, arterial dissec-
tion), B-mode images may be anechoic and the lumen may
appear to be permeable. However, colour-mode or Doppler
sonography will detect lack of flow. Hyperintense images
at the carotid level, which suggest ICA occlusion in B-mode
sonography, typically reflect chronic occlusions.

The challenge presented by a carotid occlusion is avoiding
a false-positive diagnosis, which can occur with pre-
occlusive stenosis (see preceding section: stenosis>90%).
Contrast-enhanced ultrasound is to be considered in these
cases. When carotid occlusion is diagnosed by ultrasono-
graphy, doctors should always consider using an additional
non-invasive neuroimaging technique, such as contrast-
enhanced MR angiography or CT angiography.

Internal carotid stenosis following
endarterectomy or affecting a stent

About 10% of patients whose carotid stenosis has been
treated with endarterectomy or angioplasty/stenting will
experience restenosis.”* Placement of a stent or arte-
rial patch after endarterectomy will change carotid artery
biomechanics. The degree of restenosis may be overesti-
mated if it is calculated using the velocity criteria accepted
for measuring untreated carotid stenosis. Several published
studies confirm the validity of sonography studies for mon-
itoring and diagnosing restenosis in carotid arteries treated

with endarterectomy and angioplasty/stenting. They also
validate velocity parameters in this disease.?>?® Commonly
used velocity criteria will overestimate the degree of steno-
sis in treated patients. A good correlation may be achieved
by applying a correction factor (increase velocity by about
20% to diagnose the same degree of stenosis). As a result,
PCV for diagnosing carotid stenosis treated with endarterec-
tomy or angioplasty/stenting will be between 200 and
300cm/s for stenosis of between 50% and 70%. In any case,
regardless of the velocity reading, periodic sonography stud-
ies are recommended in order to assess the relevance of
any progressive increases in velocity, and the magnitude of
changes from post-intervention baseline values.

Common problems in interpreting and
diagnosing carotid stenosis

The most common problem is derived from the extensive
calcified plaques in the carotid sinus that create acous-
tic shadows. This prevents proper insonation of the point
of greatest stenosis, meaning that the procedure will not
deliver a quality image in colour B mode or detect flow using
spectral Doppler. The problem is relevant in 2 situations:
when carotid occlusion is suspected, and in symptomatic
patients with significant degrees of stenosis ranging from
50% to 70%. In these cases, doctors should base diagnosis on
both proximal and distal indirect signs, and especially on the
collateral circulation findings and haemodynamic patterns
in the transcranial Doppler/duplex study. The presence of
indirect signs will allow us to confirm stenosis >70%, but we
will not be able to determine whether or not an occlusion
is present (which would rule out revascularisation). Normal
results from a transcranial study of the ophthalmic artery
and proximal haemodynamic patterns will rule out the pres-
ence of stenosis 70—80%. Nevertheless, as mentioned in
preceding sections, this cannot rule out the possibility of
stenosis in the 50—70% range. In an asymptomatic patient,
this finding may not be important, since surgical treatment is
unlikely to be performed if transcranial duplex study results
are normal. This is not the case for symptomatic patients,
who will require additional non-invasive tests. Taking axial
slices from the CCA to the distal ICA often allows doctors
to detect and measure any flow that may be present, even
in pre-occlusive stenosis. The situation and approach are
similar in patients with ‘hostile neck’ (anatomical features,
high carotid bifurcations, scars, neck treated with radiation
therapy, or postsurgical area just after endarterectomy).
Factors that can contribute to underestimating the
degree of stenosis include advanced age, severe arterial
rigidity with low compliance, and tandem lesions. Proximal
CCA stenosis associated with ipsilateral ICA stenosis causes
a drop in pressure and flow volume, which in turn elicits
a decrease in PSV, EDV, and PI. Obtaining additional data,
such as the haemodynamic pattern distal to the point of
stenosis in the CCA (dampened) and the intracranial pattern
(collateral circulation), will facilitate a correct diagnosis.
Factors that can contribute to overestimating stenosis
include age (young patients) and hyperdynamic states that
can elicit an increase in flow volume (low haematocrit, fis-
tulas, or intracranial arteriovenous malformations). A very
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common situation involves single trunk disease. In such
cases, patients undergo procedures to adjust the degree
of stenosis in one carotid artery when the contralateral
artery is occluded. As in the case described previously, a cor-
rect diagnosis can be delivered by using indexes, comparing
right and left territories and the ipsilateral CCA, ICA, and
vertebral arteries, and examining the transcranial duplex
pattern.

Conclusion

Collecting a single direct sonography parameter, such as PSV
or EDV, is not sufficient to deliver a reliable diagnosis of
the degree of carotid stenosis. Velocity overlap is a very
important factor in the published studies and meta-analyses.
Positive and negative predictive values for a specific degree
of stenosis are between 85% and 95% when parameters are
used alone (PSV, EDV, or indexes). Diagnosis should be based
on both direct and direct signs, as recommended by the
current consensus statement for every specific degree of
stenosis.

The sonography study must be assessed completely. The
evaluation is based on the spectral Doppler findings, with
PSV as the main diagnostic parameter, but doctors should
also consider other parameters such as the EDV or the sys-
tolic index (Tables 1 and 2). The process will also involve
comparing the affected and contralateral territories and
using information obtained from the transcranial Doppler
or duplex study. Transcranial examination should always be
performed for stenosis >50%. The study provides highly use-
ful information when normal results are confirmed, and
this is especially relevant for avoiding false negatives in
supra-aortic trunk studies. Where blood flow is substantially
reduced (pseudo-occlusive stenosis) or lacking (occlusion),
results from the carotid study may appear normal. A trans-
cranial duplex or Doppler scan will then let us determine
whether the patient has major stenosis or an occlusion.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Arias-Rivas S, Vivancos-Mora J, Castillo J, en nombre de
los investigadores del Registro Epices. Epidemiologia de los
subtipos de ictus en pacientes hospitalizados atendidos por
neurdlogos: resultados del registro EPICES (). Rev Neurol.
2012;54:385—-93.

2. Petty GW, Brown Jr RD, Whisnant JP, Sicks JD, O’Fallon WM,
Wiebers DO. Ischemic stroke subtypes: a population-based
study of functional outcome, survival, and recurrence. Stroke.
2000;31:1062—8.

3. North American Symptomatic Carotid Endarterectomy Trial
Collaborators. Beneficial effect of carotid endarterectomy in
symptomatic patients with high-grade carotid stenosis. N Engl
J Med. 1991;325:445-53.

4. Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG,
Haynes RB, et al. Benefit of carotid endarterectomy in patients

20.

21.

22.

with symptomatic moderate or severe stenosis. N Engl J Med.
1998;339:1415-25.

. Randomised trial of endarterectomy for recently symptomatic

carotid stenosis: final results of the MRC European Carotid
Surgery Trial (ECST). Lancet. 1998;351:1379—-87.

. Endarterectomy for asymptomatic carotid artery stenosis. Exec-

utive Committee for the Asymptomatic Carotid Atherosclerosis
Study. JAMA. 1995;273:1421-8.

. Halliday A, Mansfield A, Marro J, Peto C, Peto R, Potter J, et al.

Prevention of disabling and fatal strokes by successful carotid
endarterectomy in patients without recent neurological symp-
toms: randomised controlled trial. Lancet. 2004;363:1491—502.

. Fuentes B, Gallego J, Gil-Nuiez A, Morales A, Purroy F, Roquer J,

et al. Guia para el tratamiento preventivo del ictus isquémico y
AIT (Il). Recomendaciones segun subtipo etioldgico. Neurologia.
2011 [Epub ahead of print].

. Fuentes B, Gallego J, Gil-Nuiez A, Morales A, Purroy F, Roquer

J, et al. Guia para el tratamiento preventivo del ictus isquémico
y AIT (l). Actuacion sobre los factores de riesgo y estilo de vida.
Neurologia. 2011 [Epub ahead of print].

. Masdeu JC, Irimia P, Asenbaum S, Bogousslavsky J, Brainin

M, Chabriat H, et al. EFNS guideline on neuroimaging in
acute stroke. Report of an EFNS task force. Eur J Neurol.
2006;13:1271—83.

. De Bray JM, Glatt B. Quantification of atheromatous steno-

sis in the extracranial internal carotid artery. Cerebrovasc Dis.
1995;5:414-26.

. Grant EG, Duerinckx AJ, El Saden SM, Melany ML, Halthout

GM, Zimmerman PT, et al. Ability to use duplex US to quan-
tify internal carotid arterial stenoses: fact or fiction? Radiology.
2000;214:247-52.

. Von Reutern GM, Goertler MW, Bornstein NM, Del Sette M, Evans

DH, Hetzel A, et al. Grading carotid stenosis using ultrasonic
methods. Stroke. 2012;43:916—21.

. Alexandrov AV, Needleman L. Carotid artery stenosis: mak-

ing complex assessments of a simple problem or simplifying
approach to a complex disease? Stroke. 2012;43:627—8.

. Polak JF, Dobkin GR, O’Leary DH, Wang AM, Cutler SS. Internal

carotid artery stenosis: accuracy and reproducibility of color-
Doppler-assisted duplex imaging. Radiology. 1989;173:793—8.

. Sitzer M, Furst G, Fischer H, Siebler M, Fehlings T. Between-

method correlation in quantifying internal carotid stenosis.
Stroke. 1993;24:1513-38.

. Moneta GL, Edwards JM, Chitwood RW, Taylor LM, Lee RW, Cum-

mings CA, et al. Correlation of North American Symptomatic
Carotid Endarterectomy Trial (NASCET) angiographic definition
of 70—99% internal carotid artery stenosis with duplex scanning.
J Vasc Surg. 1993;17:152—7, discussion 157—9.

. Alexandrov AV, Brodie DS, McLean A, Hamilton P, Murphy J,

Burns PN. Correlation of peak systolic velocity and angiographic
measurement of carotid stenosis revisited. Stroke. 1997;28:
339-42.

. Padayachee TS, Cox TC, Modaresi KB, Colchester AC, Taylor PR.

The measurement of internal carotid artery stenosis: compar-
ison of duplex with digital subtraction angiography. Eur J Vasc
Endovasc Surg. 1997;13:180-5.

Jahromi AS, Cina CS, Liu Y, Clase CM. Sensitivity and specificity
of color duplex ultrasound measurement in the estimation of
internal carotid artery stenosis: a systematic review and meta-
analysis. J Vasc Surg. 2005;41:962—72.

Schulte-Altedorneburg G, Droste DW, Felszeghy S, Csiba L, Popa
V, Hegedis K, et al. Detection of carotid artery stenosis by
in vivo duplex ultrasound: correlation with planimetric mea-
surements of the corresponding postmortem specimens. Stroke.
2002;33:2402—7.

Steinke W, Meairs S, Ries S, Hennerici M. Sonographic assess-
ment of carotid artery stenosis. Comparison of power Doppler
imaging and color Doppler flow imaging. Stroke. 1996;27:91—4.


http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0005
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0010
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0015
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0020
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0025
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0030
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0035
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0040
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0045
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0050
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0055
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0060
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0065
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0070
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0075
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0080
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0085
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0090
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0095
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0100
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0105
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110

442

J. Serena et al.

23.

24.

Berman SS, Devine JJ, Erdoes LS, Hunter GC. Distinguishing
carotid artery pseudo-occlusion with color-flow Doppler. Stroke.
1995;26:434-8.

Gurm HS, Yadav JS, Fayad P, Katzen BT, Mishkel GJ, Bajwa
TK, et al. Long-term results of carotid stenting versus
endarterectomy in high-risk patients. N Engl J Med. 2008;358:
1572-9.

25.

26.

AbuRahma AF, Abu-Halimah S, Bensenhaver J, Dean LS, Keiffer
T, Emmett M, et al. Optimal carotid duplex velocity criteria for
defining the severity of carotid in-stent restenosis. J Vasc Surg.
2008;48:589—94.

Aburahma AF. Duplex criteria for determining >50% and >80%
internal carotid artery stenosis following carotid endarterec-
tomy with patch angioplasty. Vascular. 2011;19:15—20.


http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0110
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0115
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0120
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0125
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130
http://refhub.elsevier.com/S2173-5808(13)00125-9/sbref0130

	Ultrasound measurement of carotid stenosis: Recommendations from the Spanish Society of Neurosonology
	Introduction
	Measuring carotid stenosis using sonography
	Parameters to be analysed in a carotid stenosis study
	Method of measuring carotid stenosis
	Haemodynamic criteria for quantifying carotid stenosis
	Internal carotid stenosis of less than 50%
	Direct and indirect findings in the carotid artery
	Indirect findings in the transcranial Doppler/duplex study

	Internal carotid artery stenosis of 50% to 69%
	Direct and indirect findings in the carotid artery
	Indirect findings in the transcranial Doppler/duplex study

	Internal carotid artery stenosis of 70% to 79%
	Direct and indirect findings in the carotid
	Indirect findings in the transcranial Doppler/duplex study

	Severe internal carotid artery stenosis (80% to 90%)
	Direct and indirect findings in the carotid
	Findings in the transcranial Doppler/duplex study

	Internal carotid artery stenosis > 90%
	Direct and indirect findings in the carotid
	Indirect findings in the transcranial Doppler/duplex study
	Internal carotid artery occlusion
	Internal carotid stenosis following endarterectomy or affecting a stent

	Common problems in interpreting and diagnosing carotid stenosis
	Conclusion
	Conflicts of interest
	References


