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Ultrasonographic mapping of the extracranial carotid artery
bifurcation for surgical planning: gender differences

Mapeamento ecogrdfico da bifurcagdo das artérias carotidas extracranianas para
planejamento cirurgico: diferengas baseadas no género do paciente
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Abstract

Context: Doppler ultrasonography is an established method for diagnosis, preoperative imaging and follow-up of extracranial carotid artery disease.
Objetive: The evaluation of gender differences in carotid artery bifurcation Doppler ultrasonography mapping.

Methods: High resolution Doppler ultrasonography of 500 carotid bifurcations was performed in 192 women and 308 men before surgical treatment.
Gender differences were analyzed based on B-mode, color-flow, duplex doppler transverse and longitudinal images. Diameter percent stenoses, plaque
length, distal internal and common carotid artery diameters, and distance from the carotid bifurcation to the ear lobe were compared. Mean, standard
deviation, minimum and maximum values were described. Statistical comparisons were performed based on Student's t and 2 tests.

Results: Carotid stenoses averaged 70+11% (30-95%) in women and 72+12% (40-98%) in men (p=0.013). The prevalence of 90-99% stenosis was
greater in men, 14.3 vs 7.8% (p=0.029). Carotid plaques were longer in men, 2.3+0.8 vs 1.9 0.6 cm (p<0.001). Mean diameters of the distal internal
carotid artery, 49+0.9 vs 4.6 £0.8 mm, and of the common carotid artery, 7.6+1.3 vs 7.1+ 1.4 mm, were greater in men (p=0.001). Th e distance from the
ear lobe to the bifurcation was also greater in men, 5.9+1.1 vs 53+0.9 cm (p<0.001).

Conclusions: Doppler ultrasonography preoperative mapping demonstrated that the parameters measured were greater in men than in women.
Detailed planning of carotid plaque treatment must take into consideration individual differences such as those associated with the patient’s gender.

Keywords: ultrasonography; carotid stenosis; surgery.

Resumo

Contexto: A ecografia das artérias carotidas extracranianas ja se estabeleceu como método diagnostico de imagem pré-operatoria, e para seguimento
de pacientes.

Objetivo: Avaliar diferencas do mapeamento ecografico em fungéo do género masculino ou feminino dos pacientes.

Métodos: Ultrassonografia de alta resolugio foi realizada antes do tratamento cirlirgico de 500 bifurcagdes carotideas em 192 mulheres e 308
homens. Andlise de diferencas baseadas no género foi feita em imagens modo B e fluxo a cor, transversal e longitudinal, e medidas duplex doppler de
velocidades. Porcentual de estenose expressa em redugao de diametro, comprimento de placa, didmetros das artérias carétida interna distal e comum,
e distancia da bifurcagio ao l6bulo da orelha foram comparados. Média, desvio padrio, minimo e maximo foram descritos. Comparagdes estatisticas
foram baseadas em testes t de Student e do %’

Resultados: Estenoses carotideas mediram 70+11% (30-95%) em mulheres e 72+12% (40-98%) em homens (p=0,013). Prevaléncia de estenoses no
intervalo 90-99% foi mais alta em homens, 14,3 vs 7,8% (p=0,029). As placas foram mais extensas nos homens, 2,3+0,8 vs 1,9+0,6 cm (p<0,001). O
didmetro médio foi maior nos homens, tanto da carétida interna distal, 4,9+0,9 vs 46108 mm, como da carétida comum, 7,6+1,3 vs 7,1£1,4 mm
(p=0.001). A distancia da bifurcagdo ao lébulo da orelha foi maior nos homens, 5,9+1,1 vs 53+0,9 cm (p<0,001).

Conclusdes: O mapeamento ecografico demonstrou que as medidas analisadas foram maiores em pacientes do género masculino. O planejamento
detalhado do tratamento da placa carotidea deve considerar diferengas individuais como as associadas ao género do paciente.

Palavras-chave: ultrassonografia; estenose das carotidas; cirurgia.
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Introduction

Echography has been established as a fundamental feature
in the diagnosis, treatment, preoperative mapping, and follow-
up of extracranial carotid artery stenosis''’. Initially, in the
19807, color-duplex echography (or Doppler ultrasonography
- DUS) was used to select patients for contrast angiography, the
method traditionally used for carotid endarterectomy planning.
Alternative diagnostic protocols were introduced when scientific
studies showed Doppler ultrasonography - a non-invasive, low-
cost method - to be an alternative to contrast angiography, which
is an invasive and expensive method, besides causing complica-
tions in some patients. Noninvansive ultrasonography includes
additional advantages over luminography - the study of vessel
lumen by longitudinal imaging provided by the radiographic
method of contrast angiography. Doppler ultrasonography
provides allows cross-sectional luminography, measurements
of flow velocity and direct visualization of the atheromatous
plaques. Thus, the combination of DUS and contrast angiogra-
phy or, more recently, computed tomography (CT) angiography
and magnetic resonance angiography (MRA)" has created a
philosophy of double exams as the first and second opinion on
the carotid treatment planning.

An unusual alternative has been a protocol involving
two independent echographic examinations: the first a di-
agnostic test and the second a preoperative mapping'. Such
preoperative mapping collects detailed information that
helps in the surgical treatment, but is not necessary to the
diagnosis. This paper analyzes data obtained by ultrasono-
graphic mapping of the carotid artery of patients with in-
dication for endarterectomy due to symptoms, risk factors
and/or previous diagnostic ultrasonography. The values of
measurements that are helpful in planning carotid surgery
vary between individuals, justifying preoperative mapping.

Surgical practice takes into consideration individual
differences. including those related to gender, which have
always been focus of attention. The objectives of this study
were to analyze descriptive statistical variables related to
DUS findings and to determine differences related to gen-
der. The null hypotheses tested refer to equalities and po-
tential inequalities of preoperative DUS findings between
genders.

Methods

Inclusion and exclusion criteria, sample characteristics,
echographic methods used for extracranial carotid bifurca-
tion mapping, and statistical analysis are described in this
section. The ethical principles of patients’ anonymity were
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rigorously followed in clinical data report. Principles of eth-
ical physician-patient relationship were in compliance with
our non-invasive laboratory protocol.

Since we did not have access to previous data to esti-
mate an appropriate sample size, the number of cases of our
sample was based on data from relevant international clini-
cal trials'>"*. Consecutive cases were analyzed to determine
the adequate number of cases to be included. Statistical
analysis after the inclusion of 500 cases showed significant
differences, which justifies the publication of our findings
without additional further recruitment of patients.

Inclusion criteria

Patients were randomly selected as they were referred
to the Angiolab Vascular Laboratory, Vitéria (ES), Brazil,
which medical staff has over ten years of experience with
vascular ultrasonography. Data were collected consecu-
tively, based on the appointment date. Only one carotid bi-
furcation per patient was included in the study, in order to
avoid the bias of including unilateral data in some patients
and bilateral data in others. In cases of bilateral mapping,
the bifurcation with higher-grade stenosis was selected for
inclusion in the study.

Exclusion criteria

In cases of bilateral mapping, the bifurcation with the
lowest estimate for stenosis was excluded of the analysis.
Incomplete data were also excluded: a) difficulty in estimate
the appropriate percentage of stenosis or arterial diameters
at arterial wall calcification with acoustic shadowing; b)
conflicting data in single measurements of carotid plaque
longitudinal extension.

Sample characteristics

This study included 500 patients, that is, 500 carotid bi-
furcations of 192 females and 308 males. Mean age of both
groups were 72+9 years, ranging from 45 to 95 and from
41 to 95 for females and males, respectively (p=0.91; un-
paired Student’s ¢ test). Right-to-left bifurcation ratio was
similar: 55%/45% (n=105/89) and 49%/51% (n=152/156)
for females and males, respectively (p=0.35; % test).

Carotid ultrasonography

Doppler ultrasonography was performed with
high-resolution instruments (Philips, IU 22 Intelligent
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Ultrasound and HDI-5000), using 5 to 13 MHz transduc-
ers. The protocol included: a) B-mode gray-scale or col-
or-coded images with several anatomical measurements
(Figure 1 and 2); b) duplex Doppler ultrasound imag-
ing, with measurements of flow velocity in the internal,
external, and common carotid arteries and at point of
maximal stenosis (Figure 3); ¢) Doppler color flow map-
ping; d) longitudinal and cross-sectional graphs for ca-
rotid bifurcations. The report also included qualitative
descriptions of the plaque as homogeneous or heteroge-
neous, calcified or non-calcified and irregular or regular
surface.

The measurements analyzed in the study were: a) esti-
mates of carotid stenosis based on anatomical and function-
al analysis of Doppler flow velocity; b) plaque extension; c)
distal diameter of the internal carotid artery; d) diameter of
the common carotid artery; e) level of carotid bifurcation in
relation to the ear lobe.

Statistics

Data obtained from men and women were analyzed
separately. Statistical tests were performed in Excel® for
windows. Stenosis prevalence was divided into intervals:
90-99%, 80-89%, 70-79%, 60-69%, 50-59%, and <50%.
Gender differences of continuum variables (stenosis per-
centage, plaque extension, bifurcation diameter and level)
were identified by unpaired Student’s ¢ test. Differences re-
garding interval prevalence between genres were compared
by the y? test.

PHILIPS MO 07/10/2009 16:54:38

SMP 22491620091007 |U 22 ANGIOLAB VITORIA L9-3/carSAN
FR 17Hz M1 ME
1

Z14

TiS0.2 Mi 1.0

MAPEAMENTO

+ Dist 0.578 cm
Di 3

Figure 1. Longitudinal color echography image showing distal and
internal carotid arteries. Note the estimates of plaque extension
and distal common carotid artery, distal internal carotid artery and
minimum residual lumen. The distance between the plaque and
the ear lobe is estimated by the position of the transcutaneous
transducer.
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Results

Carotid stenosis

The mean degree of carotid stenosis was 70x11% (30 to
95%) for women and 72+12% (40 to 98%) for men. Despite
the similarity of results between genres, the difference was
statistically significant (p=0.013). Table 1 depicts the preva-
lence of stenosis for each of the aforementioned intervals.
Only the prevalence in the 90-99% interval, which was
higher in males, was statistically significant.

Plaque extension

Plaques were significantly longer in men (2.3+0.8 cm -
0.3to 5 cm) compared to women (1.9 +0.6 cm - 0.3 to 3.7 cm;
07/10/2009 16:55:28
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Figure 2. Cross-sectional echographic imaging of the internal carotid
artery in minor lumen region. Estimates of low axis of the elliptical lu-
men (more common) or diameter of a circular lumen and original ar-
tery diameter at the point of highest stenosis.
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Figure 3. Duplex Doppler imaging showing high velocities at the point
of peak stenosis of the proximal internal carotid that confirm anatomi-
cal findings.
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p<0.001). Table 2 shows the prevalence of plaque extension
for three intervals: minor, median, and major. Comparison
between genders showed higher prevalence of plaques less
than 2 cm long in women and plaques more than 3 cm in
men. The vast majority of plaques were less than 3 cm in
both genders.

Distal diameter of the internal carotid artery

The diameter of the internal carotid artery distal to the
bulb was significantly greater in men (4.9£0.9 mm - 2.0
to 9.0 mm) than in women (4.6+0.8 mm - 2.0 to 8.0 mm;
p=0.001). Table 3 shows that the comparison of specific di-
ameters found large or small carotid arteries carotid in both
men and women. However, prevalence of distal internal ca-
rotid diameter between 4 and 5 mm was higher in females
and from 5 to 6 mm in males.

Diameter of the common carotid artery

The common carotid artery diameter was significant-
ly higher in men (7.6x1.3 mm - 3.7 to 11.8 mm) than in
women (7.1x1.4 mm - 4.0 to 10.0 mm), with p<0.001. Table
4 shows a high prevalence of diameter less than 7 mm in
females, and more than 8.5 mm in males. Most common
carotid arteries in both genders were in the 7.0 to 8.5 mm
interval.

Carotid bifurcation level

The distance from the ear lobe to carotid bifurcation was
significantly greater in men (5.9+1.1 cm - 2.5 to 10.0 cm)
as compared to women (5.3+0.9 cm - 3.0 to 8.0 cm), with
p<0.001. Table 5 shows that even though the prevalence was
low, women presented higher bifurcations more frequently,
which could be a contraindication for surgical treatment.
Most bifurcations in women were located 4 to 6 cm from
the ear lobe, while most bifurcations in men were located at
a distance of more than 6.0 cm.

Discussion

This section emphasizes: a) addresses the value of the
carotid ultrasonographic mapping as an essential exam for
open or endovascular extracranial catorid treatment plan-
ning; b) selection of ultrasonographic variables evaluated;
¢) comparative analysis between male and female genders.
The results of the comparative statistical analyses justify
the discussion on the importance of a second DUS exami-
nation and on the variables chosen for analysis, besides
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Table 1. Carotid bifurcation stenosis.

Interval Females (n=192) Males (n=308) Probability
90-99% 7.8% (n=15) 14.3% (n=44) p=0029
80-89% 20.8% (n=40) 24.4% (n=75) p=036
70-79% 380% (n=73) 34.1% (n=105) p=037
60-69% 255% (n=49) 20.1% (n=62) p=0.16
50-59% 47% (n=9) 62% (n=19) p=048
<50% 3.1% (n=6) 1.0% (n=3) p=0078
Table 2. Carotid plaque extension.

Interval Females (n=192) Males (n=308) Probability
<2cm 50.0% (n=96) 33.4% (n=103) p<0.007
2-3cm 427% (n=82) 46.4% (n=143) p=0.42
=3 cm 7.3% (n=14) 20.1% (n=62) p<0.001

Table 3. Diameters from distal internal carotid artery to carotid bulb.

Interval Females (n=192)

<4mm 12.0% (n=23)

Males (n=308) Probability
10.1% (n=31) p=050

40-49 mm 49.0% (n=94) 36.7% (n=113) p=0007
50-59 mm 302% (n=58) 39.6% (n=122) p=0.033
=60 mm 89% (n=17) 13.6% (n=42) p=0.11

Table 4. Diameters representing the common carotid artery.

Males (n=308) Probability
234% (n=72) p=0.002
50.6% (n=156) p=055
26.0% (n=80) p=0007

Interval Females (n=192)
<7 mm 36.5% (n=70)
7.0-8.4 mm 47.9% (n=92)
=85 mm 15.6% (n=30)

Table 5. Distance between ear lobe and carotid bifurcation.

Interval Females (n=192) Males (n=308) Probability
<4cm 5.7% (n=11) 1.3% (n=4) p=0.005
40-59 cm 63.5% (n=122) 37.3% (n=115) p<0.007
=60 cm 30.7% (n=59) 61.4% (n=189) p=0001

emphasizing that individual variations should be taken into
account in treatment planning.

Preoperative ultrasonographic mapping is a comple-
mentary method to the initial diagnosis and restricted
to patients with indication for surgery. It is performed
strictly on the side that is being treated. A complementary
and specific mapping should not be included in diagnos-
tic ultrasonography in order to avoid high costs, for the
majority of patients evaluated in non-invasive vascular
laboratories are candidates to medical rather than surgical
treatment.

Doppler ultrasonography has a well-established role in
the evaluation of patients referred to surgery. In a reference
service, almost 90% of carotid bifurcation operations were
preceded by an ultrasonographic study*.
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Doppler ultrasonography has also been regarded as
an essential method in the perioperative evaluation of
carotid endarterectomies®’. The location and length of
the incision have been guided by ultrasonography’, but
ultrasonography is so sensitive that is has allowed en-
darterectomy in carotid previously diagnosed with oc-
clusion by other radiographic or RMI techniques'*. Some
reference centers already use it as a guide technique in
endovascular procedures®’.

The importance of ultrasonographic evaluation of
the extracranial carotid arteries based on correlations
between anatomic measurements and flow velocities has
been emphasized in the literature®'*. Particularly, DUS
exams showing high degree stenosis (more than 80%)
and non-significant stenosis (less than 50%) have high
positive predictive values, when compared to “lumino-
graphic” methods, such as contrast angiography. For
mid-range stenosis (60 to 80%), DUS positive predictive
values have been increased when high flow velocity has
been added to the measurements.

The term arteriography, popularly associated with ra-
diologic luminography has been misused. Such technique
is not actually “arteriographic”, for it does not yield direct
information on the arterial wall or on atheromatous le-
sions. Besides this technical failure, radiological luminog-
raphy has shown severe complications rates of 0.4 to 1.2%
in studies of carotid endarterectomy'®"”. In medical prac-
tice, the increase in the number of asymptomatic patients
currently treated has minimized the need for detailed in-
formation about intracranial arteries such as the aortic
arch. Ultrasonography has been regarded as a reliable im-
aging technique for the assessment of patients examined
immediately after symptoms onset'®.

Echography, on the other hand, is a true arteriogra-
phy of the carotid bifurcation wall, showing the degree
of stenosis, plaque extension, the characteristics of the
atheromatous plaque, including ulceration, the level of
the carotid bifurcation and residual lumen diameters.
Studies of echographic characterization have shown that
unstable plaques are associated with higher incidence
of symptoms on plaque follow-up and at endovascular
treatment'>?. Cross-sectional ultrasonographic images
explain why radiologic luminography may underesti-
mate the degree of stenosis in the presence of elliptic
lumens (the majority of cases) !! or even in cases of over-
lapping images of the internal and external carotid arter-
ies. Besides that, color Doppler mapping allows indirect
evaluation of severe anomalies of the aortic arch or in-
tracranial arteries.
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It should be emphasized however that the measure-
ments of flow velocity are influenced by the heart rate
and rhythm, by carotid stenosis, tortuosities or con-
tralateral occlusion, or by the patients’ gender. In such
instances, the images, allow for correction of stenosis
estimates. In our service we have moved on from a di-
agnostic ultrasonographic exam followed by the contrast
radiologic examination to confirm the diagnosis to an
algorithm of a double ultrasonographic investigation'.
This way, contrast arteriography is not used or used very
selectively in our patients. The diagnostic ultrasonogra-
phy is performed by examiner 1, based on clinical indi-
cations. If a stenosis less than 50% is found, the case is
discussed and usually referred to medical management
and long-term follow-up. In patients with indication for
open or endovascular carotid surgery, a second preoper-
ative DUS mapping is performed by examiner 2. In case
of contradictions between the two examinations, the pa-
tient is again examined by the first examiner or another
imaging method (magnetic resonance or CT scan) is
ordered. Our surgical team also performs echographic
mapping as a means of confirming DUS performed in
vascular laboratories elsewhere. Out of the nine cases
(<2%) reported as less than 50% carotid stenosis by DUS
mapping, six had the initial examination performed else-
where, two had ulceration of the carotid plaque and one
patient had carotid dissection, with a flap.

An algorithm based in two ultrasonographic studies
- one for diagnosis and other for preoperative mapping
- reduces costs in 70 to 90%, compared to radiologic or
magnetic resonance imaging. The latter methods are more
expensive and sometimes less reliable for planning the de-
tails of the surgical procedure. The approach, the length
and location of the incision for endarterectomy may be ef-
ficiently planned using ultrasonographic mapping alone”.

In summary, ultrasonography is fundamental for the
diagnosis of carotid stenosis. CT scan or MRI may be per-
formed as a means of confirming degree of stenosis grade
or for a thorough evaluation of a symptomatic patient*?.
Our experience shows that ultrasonographic mapping
may replace these expensive methods and provide consis-
tent data for open or endovascular surgical planning.

One of the aims of this study is to avoid conjoined anal-
ysis of subgroups that are better analyzed separately. For in-
stance, gender subgroups should be evaluated separately.

Data from the literature have shown that even though
the prevalence of significant stenosis did not depend on
the patient’s gender®, restenosis after endarterectomy
with partial inversion technique was more frequent in
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females®. Greater diameters among men were expected
and confirmed*?!. The length of stay in the hospital was
shorter in men compared to women'2. Blood flow velocity
in the carotid artery may also differ between genders'*.

Justification for the selection of variables was as fol-
lows: carotid stenosis diameter percentage may not be
a strictly scientific variable, for a carotid stenosis with a
circular lumen is rare. This variable, however, is used in
medical practice, and it has been used in the classic ran-
domized trials that have confirmed the value of surgical
carotid treatment. Plaque extension helps planning the
incision for endarterectomy and selecting the appropriate
devices for endovascular treatment. Previous knowledge
of the common and internal carotid diameters prepare the
surgical team for problems associated with small caliber
vessels — specially in women - and helps planning endo-
vascular treatment, including placement of filters and se-
lection of balloon catheters and stents. The distance from
the carotid plaque to the ear lobe helps in the choice of in-
cision site and calls the surgeon’s attention to a potentially
high bifurcation, with its attendant difficulties of exposure
of the segment to be treated.

This study has shown gender differences in degree of
stenosis (percentage), carotid plaque extension, carotid
artery diameter, and anatomic location of the plaque and
the carotid bifurcation. Men present a higher prevalence
of critical stenosis, plaques longer than 3 cm and greater
distance between the plaque and the ear lobe. A carotid
bifurcation high up in the neck was particularly important
to identify, for it is associated with intraoperative techni-
cal difficulties. A suggestion could be made for screening
males earlier than usual. Even though gender differences
do exist, , further studies are necessary those men and
women that do not fit the usual patterns.

We concluded that non invasive ultrasonographic im-
aging of the extracranial carotid arteries’ anatomy show
significant differences between males and females. These
findings emphasize reinforce that a pre-treatment proto-
col should include information on individual anatomic
differences that might contribute to the efficiency of open
and endovascular procedures.
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