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INTERNAL CAROTID ARTERY STENOSIS

Comparison of duplex scan and magnetic resonance
angiography with digital subtraction angiography

Marco Oliveira Py', Charles André’, Feliciano Silva de Azevedc?,
Romeu Cértes Domingues’, Rodrigo Ferraz Salomao*

ABSTRACT - Objective: We compare duplex scan (DS) and magnetic resonance angiography (MRA) with digital
angiography (DGA) in respect to accuracy in measuring internal carotid artery (IC) stenosis in symptomatic
patients. Method: Ten symptomatic patients with IC stenosis greater than 70% previously diagnosed by DS
were submitted to another DS and to both MRA and DGA. Both ICs from each patient (total 20 ICs) were
evaluated by physicians blinded for the results of other tests. DS and MRA were compared with DGA, using
the intraclass correlation coeficient (r) and its 95% confidence interval (95% ci). For each diagnostic test, the
study group (20 Ics) was also divided in surgical patients (IC stenosis between 70 and 99%) and non surgical
patients, using kappa concordance coeficient (k) to compare the results. Results: Main comparisons are: DS
and DGA, r = 0.71 (0.4 - 0.87); MRA and DGA, r = 0.61 (0.25 - 0.82). After division into surgical vs. non-
surgical groups, k = 0.857 (p < 0.0001) between DS and DGA; and k = 0.545 (p = 0.003) between MRA and
DGA. Most DS and MRA errors occurred in IC sub-occlusions. Conclusion: The results suggest that when they
are used together, DS and non-contrast MRA may substitute DGA in the evaluation of patients for IC stenosis
surgery, except when there is discordance between their results or when the methods show sub-occlusive
stenosis.

KEY WORDS: carotid stenosis, diagnosis, cerebrovascular disease, comparative study.

Estenose da artéria cardtida interna extracraniana: comparagdo de duplex-scan e angio-ressonancia
com angiografia digital

RESUMO - Objetivo: Foram comparados duplex scan (DS) e angio-ressonancia magnética (AGRM) com
angiografia digital (AGD) na avaliacdo da estenose da artéria carétida interna (Cl). Método: Foram estudados
10 pacientes sintomaticos com estenose da Cl superior a 70% em estudos de triagem com DS. Os pacientes
foram submetidos a novo DS, AGRM e AGD para estudo de ambas as Cls (total 20 Cls). O DS e a AGRM foram
comparados com a AGD utilizando-se o coeficiente de correlagdo intra-classe (r) e o seu intervalo de confianca
a 95% (ic 95%). Para cada método diagnostico, o grupo de pacientes (considerando as 20 Cls) foi também
dicotomizado em casos cirurgicos (estenose entre 70% e 99%) e néo cirurgicos, utilizando-se o coeficiente
kappa de concordancia (k). Resultados. Na comparacdo entre DS e AGD, obteve-se r = 0,71 (0,4 - 0,87).
Entre AGRM e AGD, r = 0,61 (0,25 - 0,82). Apds a dicotomizacdo da amostra, obteve-se, entre DS e AGD, k =
0,857, p < 0,0001; e entre AGRM e AGD, k = 0,545, p = 0,003. A maioria dos erros de DS e AGRM ocorreu
nos casos de suboclusao arterial. Conclusdo: Os resultados sugerem que o DS e a AGRM, usados em conjunto,
podem substituir a AGD na indicacdo da endarterectomia carotidea, exceto quando ha discordancia entre os
dois ou quando algum dos métodos detecta suboclusao arterial.

PALAVRAS-CHAVE: estenose carotidea, diagnostico, estudo comparativo, transtornos cérebro-vasculares.

Stroke is a major cause of mortality and disabil-
ity worldwide. Some authors estimate a prevalence
rate of 2.5% and 1.6%, respectively, for men and
women, reaching 11.6% and 10.5% for men and
women over 85 years-old'. In the USA there are
500,000 new strokes per year, 150,000 deaths and

three million survivors with disability?>. In Brazil, stro-
ke is the third cause of mortality, after cancer and
cardiovascular diseases in general*>.

Extracranial internal carotid artery (IC) stenosis is
an important risk factor for cerebrovascular disea-
se®’. Endarterectomy is an efficient procedure to

Hospital Universitario Clementino Fraga Filho, Universidade Federal do Rio de Janeiro, Rio de Janeiro RJ, Brazil: "Neurological Service,
Department of Internal Medicine; 2Department of Radiology; 3IRM — Instituto de Ressonancia Magnética; “PREVILAB.

Received 31 January 2001, received in final form 4 May 2001. Accepted 14 May 2001.

Dr. Marco Oliveira Py — Rua Gal. Ribeiro da Costa 38/401 - 22010-050 Rio de Janeiro R/ — Brasil. E-mail: marcopy@uninet.com.br



666 Arq Neuropsiquiatr 2001;59(3-B)

prevent stroke in patients with severe symptomatic
IC stenosis®'2. Digital angiography (DGA) is the stan-
dard method to evaluate IC stenosis and to indicate
endarterectomy®'°. However, there is a 1 to 4% risk
of stroke or death related to this method®'3'4, Also,
there is some error related to DGA, as shown when
inter-observer concordance is assessed'*'¢. The pre-
sent study compares two non-invasive procedures
to DGA, attempting to reduce the risks and costs
attributed to DGA, as other authors have done be-
fore‘l4,16-23_

Magnetic resonance angiography (MRA) can dis-
tinguish moving and stationary images, as blood flow
inside the vessels. Bi or tri-dimensional images can
be obtained and the most frequently used technique
is the “time of flight”. Paramagnetic contrast may in-
crease the accuracy of the stenosis’ measurement's,
Some conditions, such as claustrophobia, pacemak-
ers and some kinds of prothesis limit the use of MRA'>.

Another diagnostic procedure is duplex scan (DS),
which consists in the union of B-mode and Doppler,
also using color-Doppler to improve its precision.
B-mode ultrasound allows visualization of a vessel
and its wall in grades of gray, while the Doppler ef-
fect can be used to obtain information about blood
flow velocity?*. New technologies, like power-Dop-
pler and “ultrasound contrast” make this exam even
more accurate'?>. DS is a safe, non-invasive exam
and can be done on bedside, although it is a profes-
sional-dependent method'>8,

Some authors compared these three methods to
assess the possible indication of IC endarterectomy
without DGA, but the methodology is quite variable
in different studies. For instance, complications af-
ter endarterectomy in patients previously evaluated
with MRA and DGA were used as a parameter of
efficacy®. Other authors considered the degree of IC
stenosis observed during surgery as the gold stan-
dard?".

Some studies on this issue divide IC stenosis in
categories, from simple dicotomization?? to five cat-
egories'®. There is also a report distinguishing only
occlusion and sub-occlusion®. Continuos numeric
variables were also compared'. There is no agree-
ment about the accuracy of non-invasive methods
in the various studies. Some showed bad resul-
ts16.182023 while others obtained good correlation
with only limited restrictions, mainly in cases of IC
sub-occlusion or when DS and MRA disag-
ree14,‘|7,19,21,22_

Another difference among the various studies is
the technology used in each one, that limit further
comparison between the results. In the present pa-

per, we intend to achieve regional data about the
accuracy of DS and MRA, as compared to DGA.

METHOD

A prospective, longitudinal study with consecutive
patients was performed between June 1997 and Septem-
ber 1999. Each diagnostic procedure was independently
evaluated by the participating physicians, who were blind
to the results of other tests. Ten consecutive patients were
selected using the following inclusion criteria: age up to
80 years; history of transient ischemic attack (TIA) or mild
stroke — Rankin scale ¢ up to grade two - in the IC terri-
tory; a DS showing IC stenosis equal or greater than 70%
in one or both extracranial ICs; and an informed consent.
There were systematic exclusion criteria: kidney, liver or
lung failure or cancer leading to an expected patient sur-
vival of less than five years; extensive previous stroke; seve-
re diseases that could increase the risk of the endarterec-
tomy; any additional contraindication to surgery or to any
tests (e.g. cardiac pacemaker, claustrophobia). Following
the ECST criteria’®'!, the maximal interval between the
neurological event and the performance of the diagnostic
tests was six months.

All 10 patients participating in this study were sub-
mitted to another DS in a Acuson-Aspen machine, using a
7.5 MHz linear transducer. The same examiner (RFS) per-
formed all the tests, including B-mode ultrasound, spec-
trum analysis in Doppler and color-Doppler, using a num-
ber of published and widely used hemodynamic and ana-
tomic criteria®*?’.

Hemodynamic criteria included peak systolic velocity
(PSV) in the narrower point of the IC stenosis, to deter-
mine the degree of stenosis: stenosis up to 40%, if PSV
less than 125 cm/sec; stenosis between 41% and 69%, if
PSV between 125 and 229 cm/sec; and stenosis equal or
greater than 70%, if PSV greater than 229 cm/sec.

When PSV was greater than 229 cm/sec, other vari-
ables were used: end diastolic velocity (EDV), measured in
the narrower point of the stenosis; peak systolic velocity
ratio (PSVr), which is the relation between PSV in the
stenotic zone and PSV in normal common carotid artery;
and end diastolic velocity ratio (EDVr), which is the rela-
tion between EDV in the stenotic zone and EDV in the
common carotid artery. These variables agree with PSV
for stenosis equal or greater than 70%, when they are
greater than: 40 cm/sec; 1.8; and 2.6, respectively. In to-
tal occlusion, all values are equal to zero. Anatomic crite-
ria for determination of the degree of stenosis were based
on the measurement of the stenotic area in a transverse
slice of carotid bulb in the narrower zone, using B-mode
and color-Doppler. They show a precise measurement of
the stenosis but are valid only when in agreement with
hemodynamic criteria.

DGA was made in a Stenoscop (General Electric) ma-
chine, using Seldinger method following femoral artery
catheterization, always by the same examiner (FSA). All
four cervical arteries and the intracranial vessels were stud-
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ied. The NASCET method?® was used to measure IC steno-
sis: artery diameter in the stenotic zone divided by the IC
diameter distal to the stenosis, in an area free of angles.

MRA was made in a Vectra (General Electric) 0.5 Tesla
machine, always by the same examiner (RCD). The techni-
que was the bi-dimensional time of flight, with images
from cervical and intracranial vessels in axial plan and
multiplanar reconstruction by the maximum intensity pro-
jection (MIP) method, without paramagnetic contrast. The
NASCET method® was used to measure IC stenosis, except
when there was a signal gap, indicating severe stenosis
that makes it impossible to directly measure the artery
diameter. In these cases, as described previously'*, a 90%
stenosis was diagnosed, except when reduced flow distal
to stenosis was found, in which case a value of 99% steno-
sis was attributed. Intracranial arteries were assessed by
MRA and DGA, because severe stenosis in these vessels
may contraindicate endarterectomy?®'2-28,

We constructed graphics comparing DS vs DGA and
MRA vs DGA, as suggested by Bland and Altman®°. These
graphics measure the dispersion of the values over a given
line, comparing the obtained values in each diagnostic
test. If there is a perfect correlation between comparing
variables, all values will be on the given line; the more
distant from the line, the more discordant are the values.

Intraclass correlation coefficient (r) was also applied
to the numeric results, measuring the correlation between
each tested method and the gold standard?®. The 95%
confidence interval (95% ci) was calculated, determining
limits of correlation with a 5% error. Sample size and vari-
ability of results were taken into account in 95% ci calcu-
lation. We also divided the study group in surgical pa-
tients — IC stenosis from 70% to 99% — and non-surgical
patients — ICs exibiting less than 70% stenosis or total
occlusion. Kappa concordance coefficient (k) and its p
value are given to these groups, comparing DS vs DGA
and MRA vs DGA. Kappa coefficient measures observed
concordance, excluding concordance by chance®®3'. Sen-
sitivity, specificity, positive predictive value and negative
predictive value were also calculated for DS and MRA, with
their respective 95% ci. Values of “r" and “k” were classi-
fied as bad (less than 0.4), good (0.4 to 0.75) or excellent
(greater than 0.75), following Landis and Koch'’s criteria®2.

Besides global comparison of the results, an individual
analysis and comparison of each diagnostic procedure was
performed: differences greater than 10% between the
results were considered to indicate discordance, and dif-
ferences less than 10% as indicating concordance. This
level of difference was chosen because it is outside the
range of measurement error®* and because meaningful
increments in stroke risk occur between decile levels34.

RESULTS

Ten patients — five men — were included in the
study, with a mean age 63.8 years (ranging from 40
to 80 years). The most common associated disease
was systemic arterial hypertension (nine patients);

followed by diabetes mellitus, high cholesterol lev-
els, and cardiovascular disease (six patients each);
peripheral arterial disease (three patients); and heart
failure (two patients). Two patients were smokers
and one — a 40 year-old woman without hyperten-
sion - suffered from the anti-cardiolipin antibody
syndrome.

Two patients died during the study. One from
refractory cardiogenic shock after coronary bypass
surgery; the other suffered sudden death. Three pa-
tients underwent endarterectomy and one presented
transient complications — left hemiparesis that re-
mitted after 48 hours. One patient suffered a stroke
during DGA, with partial recovery.

Six patients had TIAs and four a mild stroke as
the event that brought them to study. The time since
the cerebrovascular event and the first diagnostic
test ranged from four days to six months (median
2.5 months). The interval between the three proce-
dures was 9 to 104 days (median 23.5 days).

Table 1 shows the main values obtained. Figures
1 and 2 show graphics with plotted values, respec-
tively from comparison between DS vs DGA and MRA
vs DGA.

Table 2 shows the results of r, k, sensitivity, speci-
ficity, positive and negative predictive values for DS
and MRA, compared with DGA. Correlation was
good for both comparisons; and concordance was
considered excellent for DS and good for MRA.

DISCUSSION

The results showed good correlation for both DS
and MRA, compared to DGA. DS was associated with
better results, as previously described'*'22, The most
important task of the diagnostic tests evaluated here
is to determine which should be referred to endart-
erectomy. Therefore, we divided the group of pa-
tients in surgical — 70% to 99% stenosis - and non-
surgical — less than 70% or total occlusion - IC. The
70% cut-point followed the NASCET results®, al-
though the final results of that study'>?® have also
shown benefit of endarterectomy in selected patients
with 50 to 69% IC stenosis. Concordance with DGA
was excellent for DS and good for MRA after such
division. Sensitivity, specificity, positive and negative
predictive values were also high, especially for DS.

Table 3 shows a direct comparison of the steno-
sis degree found in the three diagnostic methods,
considering differences greater than 10%. DS dis-
played a tendency to overestimate the degree of IC
stenosis (in nine arteries). Only in one case there was
underestimation. In three cases DS observed mild
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Table 1. Main values (degree of carotid artery stenosis - %) of the three diagnostic tests
studlied.
Patient Duplex scan Magnetic resonance  Digital angiography
angiography
1- GC R: 35% L: 35% R: 50% L: 0% R: 54,5% L: 0%
2-TB R: 90% L: 35% R: 90% L: 0% R: 87,5% L: 0%
3-NCO R: 80% L: 30% R: 70% L: 50% R: 85% L: 30%
4- JAV R: 100% L: 95% R: 90% L: 90% R: 100% L: 83%
5- GLF R: 10% L: 55% R: 0% L 70% R: 0% L: 50%
6- ACS R: 45% L: 85% R: 35% L: 90% R: 0% L: 70%
7- MC R: 40% L: 65% R: 40% L: 65% R: 25% L: 25%
8- AAS R: 99% L: 0% R: 99% L: 0% R: 100% L: 0%
9- MCD R: 45% L: 55% R: 0% L: 55% R: 33% L: 40%
10- MINCC R: 100% L: 60% R: 99% L: 0% R: 100% L 54%
Values corresponding to the narrower point of the stenotic zone of internal carotid artery stenosis.
R, right; L, left.
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Fig 1. Graphic comparing the results (degree of stenosis) of du-

plex scan (DS) and digital angiography (DGA).

Fig 2. Graphic comparing results (degree of stenosis) of magnetic
resonance angiography (MRA) and digital angiography (DGA).

Table 2. Main results of duplex scan and magnetic resonance angiography compared to digital angiography.

Results Duplex scan Magnetic resonance angiography

r=0.71(0.4-0.87)
k = 0.857 (p < 0.0001)
100% (39.6% - 100%)
93.8% (67.7% - 99.7%)

r=0.61(0.25 - 0.82)
k = 0.545 (p = 0.003)
100% (39.6% - 100%)
75% (47.4% - 91.7%)

Intraclass correlation coeficient (95% ci)*
Kappa concordance coeficient (p value)*
Sensitivity (95% ci)**
Specificity (95% ci)**
Positive predictive value (95% ci)** 80% (29.9% - 98.9%)

100% (74.7% - 100%)

50% (17.4% - 82.6%)

Negative predictive value (95% ci)** 100% (69.9% - 100%)

*Results based on the comparison between duplex scan and digital angiography and magnetic resonance angiography and
digital angiography respectively. **Results using digital angiography as the gold standard. ci, confidence interval.

Table 3. Comparison between the three diagnostic tests in different groups of arteries (total: 20 arteries studied).

Degree of carotid stenosis Digital angiography  Magnetic resonance angiography Duplex scan
Occlusion (non-surgical) 03 0 02
70 - 99% (surgical) 04 08 05
Less than 70% (non-surgical) 13 12 13
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Fig 3. Duplex scan and dligital angiography correctly detected occlusion of internal carotid artery, while magnetic resonance angiogra-

phy incorrectly diagnosed a sub-occlusion. (patient 10). A, Magnetic resonance angiography; B, Digital angiography.

stenosis, while DGA showed a normal IC. DS results
alone would induce one error in indicating endart-
erectomy, as it identified IC sub-occlusion in a pa-
tient with total occlusion.

MRA also overestimated IC stenosis in seven ar-
teries; and underestimated the degree of stenosis in
three (always considering differences greater than
10%). Nevertheless, the most important error attrib-
uted to MRA was the misdiagnosis of sub-occlusion,
in three cases, with DGA-proved total occlusion. In
another IC, MRA attributed a severe degree of IC
stenosis (70%), whereas DGA showed only a 50%
stenosis. Thus, four patients would be incorrectly
referred to endarterectomy by MRA results alone. In
all cases, the time interval between diagnostic tests
were less than 21 days and no new symptom ap-
peared, reasonably excluding the possibility of a IC
occlusion between the exams.

The tendency to overestimate the degree of IC
stenosis, by either DS and MRA as compared to DGA,
has been previously detected''8. Other authors have
also found it difficult to differentiate sub-occlusion
and total occlusion of the extracranial IC, mainly with
MRA, but also with DS'3'4'618 The most common
error occured when MRA and/or DS find a total oc-
clusion but actually there was some patency of the
vessel, as measured by DGA'3141618 Nevertheless, the
opposite error is also well documented, both for
DS'#24 and MRA'#1¢'8 |n studies evaluating inter-
observer concordance, it was shown that even DGA
may misdiagnose IC occlusion, possibly related to

vasospasm from contrast injection or to retrograde
flow through the occluded artery . In a meta-ana-
lysis on the usefulness of DS and MRA in the evalua-
tion of IC stenosis®®, sensitivity in cases with total IC
occlusion ranged from 0.82 to 0.86 and specificity
was 0.98 for the two methods. In stenosis equal or
greater than 70%, sensitivity ranged from 0.83 to
0.86 and specificity from 0.89 to 0.94.

Severe IC stenosis — generally greater than 90% -
leads to a phenomenon known as a signal void in
MRA, which may misdiagnose total occlusion in a
patent vessel'*'4618_On the other hand, in occluded
arteries, a distal branch of external carotid artery may
be misidentified as a branch of the 1C'.

Figure 3 shows an example of misidentification
of sub-occlusion by MRA. Probably a branch of the
external carotid artery was thought to be the distal
IC. Similarly, the most common error of DS is the
misdiagnosis of occlusion in a patent artery, because
of the difficulty to assess a severely reduced blood
flow?'3.1416.18.24 - Color-Doppler, ultrasound contrast
and power Doppler may minimize this possibility>24.
On the other hand, the misidentification of another
artery, thought to be a branch of the IC, may misdi-
agnose sub-occlusion in an occluded vessel®*.

Some authors suggest that when there is concor-
dance between DS and MRA, DGA would not be nec-
essary'#172 In the present study, one patient would
have been incorrectly referred to surgery using these
criteria. In this case — in which there was a severe
ipsilateral stenosis of the external carotid artery - both
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DS and MRA misdiagnosed IC sub-occlusion and DGA
correctly showed its occlusion. Some authors indi-
cate endarterectomy only with DS, as this procedure
shows a better correlation with DGA than MRA'1822,
Nevertheless, MRA shows anatomic information that
can be helpful to the surgeon and is not available in
DS studies. Also, it shows the intracranial ves-
sels™'418_On the other hand, DS can determine the
characteristics of the atherosclerotic plaque better
than MRA or DGA'>?* and transcranial Doppler may
add in evaluating the intracranial circulation®¢3?. Both
DS and MRA are best seen as complementary tech-
niques''4,

New techniques may improve the accuracy of DS
and MRA. For example, tri-dimensional MRA and the
injection of paramagnetic contrast improve sensi-
tivity, specificity and even the differentiation between
occlusion and sub-occlusion™". In our study, only
bi-dimensional MRA without contrast in a low-field
(0.5 T) equipment was made. Also, new DS tech-
nologies not used in our study, such as power Dop-
pler and the use of ultrasound contrast, are now
available'™ 2%, These new techniques may improve the
results and should be tested in other studies, but
even without them, we demonstrated a good corre-
lation and concordance between non-invasive pro-
cedures and DGA.

We must recognize that the results presented here
have large confidence intervals, reflecting the small
sample size. Also, the chosen selection criteria (first
DS with stenosis equal or greater than 70% in at
least one extracranial IC) may have contributed to
overestimate the usefulness of DS. Thus, the present
study should be continued to include a greater num-
ber of patients and reduce the chance of error. De-
spite these limitations, we conclude that extracra-
nial IC endarterectomy may usually be indicated fol-
lowing the careful analysis of the noninvasive ex-
ams - DS and MRA. The main exceptions occur when
there is discordance between DS and MRA; when it
is not possible to study the patient with either DS or
MRA; and in cases with apparent sub-occlusion. In
these cases, DGA seems imperative.
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