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Carotid Dolichoarteriopathies: A Comprehensive Overview

Dolicoarteriopatias carotideas: un enfoque global
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ABSTRACT

Carotid dolichoarteriopathies (CDA) represent a group of morphological abnormalities, with changes in the geometry and tortuos-
ity of the carotid arteries. They were described in 1925 for the first time and were classified in three types according to the angle
of torsion, in tortuosity (angle > 90°), coiling (S-shaped curve or loop) and kinking (angle < 90°). The pathophysiology of CDA is
controversial and includes congenital mechanisms, genetic factors, connective tissue diseases, acquired mechanisms which can be
associated with but not dependent on cardiovascular risk factors, and anomalies of the cervical spine.

CDA have been associated with different cardiovascular and cerebrovascular events secondary to hemodynamic abnormalities,
thromboembolism and cerebrovascular insufficiency and ischemia. However, the evidence is limited and for some authors they are
more of a curiosity than a real predictor of ischemic events. Other studies support the clinical value of the diagnosis and follow-up
of CDA and their understanding not only by internists, cardiologists and neurologists, but also by surgeons and otolaryngologists.
Several authors proposed different therapeutic strategies to correct CDA, including surgical procedures. However, the indications
and management approaches are controversial, and further randomized, multicenter, prospective studies are required to determine
the most appropriate course of action. Until then, imaging techniques remain the basis for the etiologic diagnosis of cerebrovascular
adverse events when all other causes have been excluded, and close clinical monitoring and follow-up of patients remain key strate-
gies for the prevention of secondary events.
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RESUMEN

Las dolicoarteriopatias carotideas (DAC) son un grupo de anomalias morfoldgicas, con alteraciéon de la geometria y torsién de los
vasos carotideos. Descriptas por primera vez en 1925, las DAC fueron clasificadas en tres tipos, segin el grado de torsion: tortuosidad
(4ngulo mayor de 90°), enrollamiento o coiling (forma de S o looping), y acodamiento o kinking (4ngulo menor de 902). La fisiopa-
tologia de las DAC es controvertida, pero se han propuesto mecanismos congénitos, genéticos, enfermedades del tejido conectivo,
adquiridos, relacionados con, pero no dependientes de, factores de riesgo cardiovascular, y alteraciones de la columna cervical.

Las DAC han sido asociadas a diferentes eventos cardio y cerebrovasculares, secundarios a alteraciones hemodinamicas, tromboem-
bolismo e insuficiencia e isquemia cerebrovascular. Pero la evidencia es limitada y, para algunos autores, son més una curiosidad que
una condicién clinica grave. Otros trabajos sustentan el valor clinico del diagnéstico y seguimiento de las DAC, y su reconocimiento
no solo por internistas, cardi6logos y neuré6logos, sino también por cirujanos y otorrinolaringélogos. Varios autores propusieron
diversas estrategias terapéuticas, incluyendo procedimientos quirtrgicos para corregirlas. Sin embargo, las indicaciones y métodos
de tratamiento son controvertidos, y son necesarios mas estudios aleatorizados, multicéntricos y prospectivos para determinar como
proceder. Hasta entonces, técnicas de imagen son la base para el diagnéstico etiolégico de eventos adversos cerebrovasculares cuando
se descartan todas las otras causas, y el control clinico cercano y seguimiento de los pacientes contintian siendo estrategias clave para
la prevencién de eventos secundarios.
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Factores de riesgo cardiovascular
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INTRODUCTION

Carotid artery atherosclerosis is the most common
cause of extracranial carotid artery disease and is one
of the leading causes of cerebrovascular disease (CVD)
and death, (1,2) constituting the predominant etiol-
ogy of CVD in Western countries. (3) However, other
non-atheromatous causes of carotid disease are also
related with CVD such as fibrodysplasia, Takayasu
disease, and aortic dissection. (1, 4) Dolichoarteriopa-
thies (from the Greek d0Aryoc, dolichos, "abnormally
long") have recently attracted the attention of spe-
cialists and are included within non-atheromatous
carotid artery diseases. Carotid dolichoarteriopathies
(CDA) have been associated with a wide range of CVD,
including stroke and transient ischemic attack (TIA).
(1) However, their clinical significance remains un-
clear. (1) This article reviews the main aspects of CDA,
focusing on its pathophysiology, diagnosis, prognosis,
and treatment.

METHODS

We conducted a non-systematic review and selected the most
relevant papers on this topic. PubMed, Scielo, and Scholar
Google electronic databases were searched using the terms
"dolichoartheriopathies," "carotid dolichoartheriopathies,"
"arterial tortuosity," "dolichoectasia," and their equivalents
in Spanish.

RESULTS

Definition, classification and epidemiology

CDA are anatomical anomalies that result in a change

in the geometric arrangement of the carotid vessels

along their course, that causes coiling, kinking, and
tortuosity. (1, 5) Some authors include them within
the group of dolichoectasias (vessel elongation, tortu-
osity and/or dilatation). (6) First described by Kelly in

1925, (7) CDA were classified by Weibel and Fields, (8)

in three groups (Figure 1):

e Type I or tortuosity: any S-shaped or C-shaped
elongation or undulation of the course of the ar-
tery with an angulation >90°.

e TypeIl or coiling: the internal carotid artery forms
an exaggerated, redundant S-shaped curve or its
longitudinal axis makes a complete circle (360°).

e Type III or kinking: Angulation of one or more seg-
ments of the artery, with an angle < 90°.

Metz et al. sub-classified kinking based on the val-
ue of the acute angle between the two segments form-
ing the kink in group I (between 90° and 60°, Figure
2, Panel A), group II (between 60° and 30°, Figure 2,
Panel B) and group III (>30°, Figure 2, Panel C). (9)

CDA are common, with a reported prevalence of
10-45%. (10) Beigelman et al. (1), and Ghilardi et al.
(11) made the diagnosis of CDA in 13.3-31% of the

Fig. 1. Classification of ca-
rotid dolichoarteriopathies

CAROTID DOLICHOARTERIOPATHIES diagram combining the Wei-

bel-Fields and Metz classifica-

Type |
TORTUOSITY

Type ll
COILING

Any S or C shaped

elongation or undulation of
the course of carotid artery,
all with an angulation
greater than 90°

Type il
KINKING

Angulation of one or
more segments of the
artery, with stenosis of
the affected segment.

30° - 602

An exagerated S-shape
curve or a 360°
angulation of the artery on
its transverse axis.

tions. The Weibel-Fields clas-
sification diagram has been
modified from Reference
#41. The Metz classification
illustration has been modi-
fied from Reference #5
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Fig. 2. Images of different
types of carotid dolichoar-
teriopathies obtained with
color Doppler ultrasound.
The angle between each part
of the artery is drawn with
white lines and described in
the corresponding image.

Loop, right
carotid bulb

Less than 30°

\ 4

cases, while in studies conducted in hospitalized pa-
tients, the prevalence ranged between 13.5% and 58%.
(6) They are more prevalent in women and elderly pa-
tients, especially those > 60 years, and can be unilat-
eral or bilateral, affecting the common carotid artery
(CCA), internal carotid artery (ICA) and external ca-
rotid artery (ECA), but more commonly the ICA, espe-
cially on the left side. (12,13) Tortuosity and kinking
are more common than coiling. (1, 12)

Pathophysiology

The development of CDA has been linked to several
mechanisms, although there is still some debate about
the exact causes. A key question is whether they are
congenital or acquired and whether they are related
to atherosclerosis or other cardiovascular risk factors.
Some studies shed light on the subject.

A. Embryology

The cerebral vasculature begins to develop early in
the embryo, during the third week of intrauterine
life, with the formation of the aortic arches (AA).
(13,14) There are six pairs of AA connecting the ven-
tral aorta (VA) to the dorsal aorta (DA). (14, 15) Each
AA arises from the bulbus arteriosus, and courses in
its corresponding pharyngeal arch to end in the DA.
(14) The first and second arches regress, and their
remnants from the VA and DA persist as incipient
ICA and ECA. The ICA merges bilaterally with the

third AA, while the ventral aortic root between the
third and fourth arches persists as the CCA. (15)
There is considerable variability in the course and
position of the CCA and carotid bifurcations. Elon-
gation of the CCA and ICA results in tortuosity and
kinking. (16) The position of the carotid bifurcation
reflects the degree of embryologic migration of the
ECA and is variable. (16) Huber et al. reported the
position of the carotid bifurcation at C4 to C5 in
48% and at C3 to C4 in 34% of 658 bifurcations. (17)
There are cases described of bifurcations from T3 to
C2. (18) In children, bifurcation position from C2 to
C3 was observed in 40% of cases and from C3 to C4
in 40% of cases. (19) Carney et al. found tortuosity in
5 of 20 fetuses of ages ranging from 5 months to full
term. (20) Harrison et al. suggested that the develop-
ment of carotid arteries and skeletal system might be
asynchronous, causing changes and tortuosity in the
course of the artery. (21) Beigelman et al. studied a
population of 885 individuals ranging from newborns
(4 hours 30 minutes) to 90 years. The study popula-
tion was divided into two groups: a control group of
245 individuals (children and adolescents up to 15
years old) and another group of 640 individuals (16-
90 years old) in whom diagnostic color Doppler ultra-
sonography of the neck vessels had been requested
because of clinical suspicion of atherosclerotic vascu-
lar disease. The incidence of coiling and kinking was
similar in both groups. The presence of atheromatous
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plaques in tortuous arteries was only observed in 3
group 2 patients. The authors found a lack of correla-
tion with other cardiovascular risk factors, and of the
site of carotid artery plaques with CDA. (1)

B. Genetic and molecular disorders

Voevoda et al. examined 61 families of children with
previously diagnosed ICA dolichoarteriopathy using
color Duplex ultrasound. The group comprised 100 in-
dividuals with ICA dolichoarteriopathy. Control group
(n=245) was formed from DNA bank based on a popu-
lation approach. The authors found an association be-
tween A80807T polymorphism of the transcriptional
factor Sp4 gene and CDA. (22) Zaidi et al. reported the
case of a consanguineous Kurdish family whose child
had severe elongation and tortuosity of the aorta,
carotid and other arteries, along with other changes
(loose skin, joint hypermobility, hernias, and facial
features resembling Ehler-Danlos syndrome [EDS]).
By homozygosity mapping, they found evidence of the
involvement of the locus at chromosome 20q13 in the
affected child. (23) Arslan et al. observed significantly
higher matrix metalloproteinase-2 (MMP-2) levels in
patients with CDA compared to the control group.
The expression of MMP-12 was higher in those with
atheromatous plaques than in those without athero-
sclerosis. (24)

C. Connective tissue diseases (CTD)

Foiadelli et al. reported the case of 7 children with
EDS between 3 and 13 years of age, with CDA and
variable clinical manifestations. (25) Welby et al.
evaluated 286 patients divided into control group and
CTD group. The presence of CDA was 44% in the sec-
ond group, and 16% in controls (p < 0.001). Coiling
was more prevalent. The prevalence of CDA was 88%
in Marfan syndrome, 63% in Loeys-Dietz syndrome,
42% in neurofibromatosis type 1, and 19% in patients
with both vascular and nonvascular types of EDS. (26)

D. Association with other congenital diseases
According to Paltseva et al., CDA have higher elastin
levels but with fiber fragmentation, higher MMP-9 ex-
pression, and lower smooth muscle actin expression.
(27) Ballotta et al. analyzed 78 carotid arteries with
dolichoarteriopathy and found typical and atypical
patterns of fibromuscular dysplasia (FMD). (28) Sethi
et al. found a significantly higher prevalence of CDA
with S-shaped curve in patients with FMD. (29)
Ballota et al. analyzed 43 patients with asympto-
matic abdominal aortic aneurysm (AAA) and CDA
and found degenerative dysplastic changes in the tu-
nica media in all carotid specimens; in a few cases,
nonobstructive atherosclerotic intimal lesions were
superimposed. The histologic features of classic AAA
(thinning of the media underlying the atherosclerotic
plaque) were observed in almost all aortic wall speci-
mens, suggesting underlying connective tissue disor-
ders in both conditions. (30)

E. Acquired mechanisms

Harrison et al. suggest that CDA may be due to kypho-
sis or lordosis, which would deviate the carotid axis.
(21) For Etheredge et al., inflammation of the peri-
carotid tissues would cause retraction of the carotid
arteries and deviate them from their path, resulting
in tortuosity. (31)

Ghilardi et al. and Del Corso et al. describe a high
prevalence of hypertension (HTN) and atherosclero-
sis in patients with CDA. (11, 32) However, both stud-
ies lacked a control group of normal subjects and ad-
dressed only a population selected because of vascular
disease, in which these cardiovascular risk factors are
expected to predominate. For Khasiyev et al., because
CDA also show dilatation, compensatory external re-
modeling in response to atherosclerosis may play a
role in this phenotype. (6) Dilatation of the carotid ar-
teries may also be a sign of connective tissue weakness
of a non-atherosclerotic nature. Pancera et al. found
a statistically significant association between kinking
and HTN, and also between HTN and kinking with a
greater degree of bending. (33) Oliviero et al. analyzed
the prevalence of CDA in patients with HTN and dia-
betes. The prevalence of CDA was significantly higher
in the group of hypertensive patients than in diabetics
and controls and was also associated with the dura-
tion of hypertension. (34) The eccentric forces related
to HTN and possibly artery aging with stiffness may
play a role in ICA dilatation and, thus, in the develop-
ment of CDA. (6)

Wang et al. evaluated the association between body
mass index (BMI) and CDA. They analyzed 513 pa-
tients without CTD using the tortuosity index (TI)
expressed as a percentage, calculated as the ratio be-
tween the actual length of the ICA (AL) and the length
measured from the carotid bifurcation to the base of
the skull, called the cord length (CL):

TI = [(AL/CL) — 1]*100

Male sex and BMI were significantly correlated
with the TI. For each increase in BMI of 1kg/m2,
there was a 1.59-fold increase in the risk of developing
CDA. (385) Dilba et al. used the same index in a popula-
tion of the Plaque At RISK study and concluded that
age, obesity and hypercholesterolemia were associat-
ed with higher TI. They also found higher prevalence
and severity of CDA in the left ICA. Higher BMI and
CDA could be due to high intra-abdominal pressure
which may result in an upward shift of the diaphragm
and a rise of the mediastinum. This would push up the
carotid arteries, which, surrounded by lax connective
tissue, can slip and become tortuous. Because the bra-
chiocephalic artery "absorbs" part of the lifting force,
the right ICA develops less severe tortuosity than the
left. Thus, repeated and prolonged exposure to peri-
ods of high and low flow results in stress that affects
arterial remodeling and causes tortuosity. (36)

Derubertis et al. observed a higher prevalence of
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CDA in previously irradiated patients. Radiation can
cause retraction and alteration of the connective tis-
sue, resulting in tortuosity of the artery. (37) Saba et
al. analyzed a population of 124 patients with ICA dis-
section diagnosed by computed tomography (CT) or
magnetic resonance imaging (MRI) and found a statis-
tically significant association between dissection and
kinking and coiling. (38) Barbour et al. found a sig-
nificant association between spontaneous ICA dissec-
tion and tortuosity, particularly if tortuosity is present
bilaterally. (39) Some authors propose that changes in
hemodynamics might lead to the local disruption of
the endothelial integrity which trigger inflammation
that can modify the structure of the vessel, and the
release of inflammatory agents might predispose to
carotid dissection. (6)

Diagnosis

A diagnosis of CDA can be made by many imaging tests.
Ultrasound seems to be the gold standard. (1,2,6) The
turbulent blood flow inside the tortuous vessels can be
evaluated with Doppler scanning. (40) Di Pino et al.
studied the prevalence of dolichoarteriopathies of the
ICA using color Doppler ultrasound in 2856 subjects
(0-96 years) and demonstrated peaks of prevalence
distributed in a bimodal fashion (< 21 years and >
60 years). CDA were detected in 9.9% of participants.
This study was one of the first to use ultrasound in a
large cohort. (41) Uchino et al. reported a case of CDA
diagnosed by computed tomography (CT) angiography
and single photon emission computed tomography
(SPECT). Both tests better defined the morphology
of ICA tortuosity and secondary perfusion abnormali-
ties. (42) In other studies, CT allowed the evaluation
of subtle abnormalities, such as microaneurysms, and
3D reconstructions of CT appear to be more effective
in classifying morphological variations of the ICA and
detecting these anomalies. (43-45) Balevi et al. found
a prevalence of CDA of 40.3% in the general popula-
tion using contrast-enhanced magnetic resonance an-
giography (MRA). (12) Tomiya et al. performed MRA
in 13 patients and obtained very clear images of CDA.
(46) Yu et al. believe that MRA is a good option for
the diagnosis of CDA. Digital subtraction angiography
(DSA) remains the gold standard for the diagnosis of
cervical and intracranial vascular disease, could pro-
vide hemodynamic data and show the morphology of
CDA in detail, but cannot determine the pathological
changes of the arterial wall of the ICA. (40) It would
serve as a complementary imaging test in the study of
CDA rather than a useful imaging test for diagnosis.
All these techniques are valid and not mutually exclu-
sive and should be chosen in order of increasing com-
plexity and invasiveness to make a correct diagnosis.

Clinical implication

The clinical implication of CDA is controversial. There
is limited evidence to support the association between
CDA and CVD. (6) Yin et al. observed a higher inci-

dence of white matter lesions in patients with CDA
compared to controls. The severity of these lesions
was directly related to the number of kinks. (47) Other
authors argue that ischemic disease is more common
in people with CDA and other cardiovascular risk fac-
tors. Pancera et al. found a significant association be-
tween kinking and TTIA. Hypertension and CDA could
be additive risk factors in the pathophysiology of TIA.
(33) Oliviero et al. demonstrated that the presence of
carotid kinking in hypertensive subjects may not be
considered a further risk factor for ischemic events.
(48) But, as Pancera et al. state, the addition of risk
factors to the presence of CDA may increase the risk
of vascular events. (33) Iwai-Takano et al. observed
an association between CDA and aging, HTN and sex,
but not with dyslipidemias, diabetes or smoking. (49)

Those who consider that CDA are harmful believe
that kinking in the ICA, in addition to causing lu-
minal narrowing and endothelial lesions, can create
turbulent blood flow that can lead to a prothrombotic
state. For others, as Balevi et al., CDA are more a
curiosity than a real predictor of ischemic events.
(12) Valvano et al. believe that there is no association
between CDA and CVD. (50) CDA can cause cerebral
hypoperfusion that produces encephalopathy, verti-
go, diplopia, TIA or infarction. (40) The prevalence
of cerebrovascular symptoms in patients with CDA
varies between 15 and 23%. (51) Coiling is not con-
sidered a risk factor for ischemic events due to its
weak association with symptoms, as opposed to kink-
ing which might be associated with symptoms which
most commonly appear due to transitory hypoten-
sion during sleep or sudden and extreme movement
of the head and neck. (40) Other symptoms observed
are visual impairment as amaurosis fugax, uveitis,
retinitis and macular dystrophy. (52) Severe cases of
CDA can produce mass effect, resulting in dysphagia,
dyspnea, upper airway obstruction and obstructive
apnea, and, more rarely, pulsatile tinnitus and hemi-
lingual spasm. (40, 53, 54)

In the Northern Manhattan Study (NOMAS),
Khasiyev et al. analyzed the relationship between CDA
and biomarkers of atherosclerosis in 558 participants
and found an association between CDA and diastolic
blood pressure and larger aortic root diameter, but not
with other markers of atherosclerosis. Determining
the risks of vascular events associated with this non-
atherosclerotic phenotype may help for a better risk
stratification for individuals with CDA. (55)

Beigelman et al. investigated the genesis of neu-
rological complications associated with CDA. Sixty
patients with CDA without atherosclerosis underwent
head rotation tests and color Doppler ultrasound of
the ICAs and ophthalmic arteries with evaluation of
flow velocities. The results suggested that CDA do not
cause neurological abnormalities or symptoms, as no
events were recorded during the test, and a significant
reduction in the velocities in the ophthalmic artery
was observed in only 3 of 60 cases. (56)
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Wang et al. analyzed the blood pressure changes
caused by CDA in 12 patients using DSA. They meas-
ured the angle of kinking by rotational angiography
and calculated the blood pressure at the proximal,
kinking and distal sites of the ICA using a microcath-
eter. These results were compared with two simula-
tion models. A numerical simulation model was con-
structed with a software based on a geometric model
of a tortuous ICA. An in vitro fluid simulation model
was built using a silicone tube with different kinking
angles. Water flowed through the silicon tube via a
peristaltic pump. The software simulation showed a
linear drop in blood flow pressure with decreases in
the kinking angle. The pressure drop was the smallest
at the kinking angle of 180° and was the largest at 30°.
However, a reversal occurred between the kinking an-
gles of 30° and 20°; the increasing kinking degree led
to a smaller pressure drop. This was confirmed in the
in vitro experimental system. When the flow rate was
constant, the pressure drop decreased with increasing
kinking angle, but the pressure drop increased when
the kinking angle increased from 20° to 30°. However,
these findings did not correlate with clinical observa-
tions: the clinical tests performed on patients showed
greater pressure drops when the kinking angle was <
30°, and severe kinking induced an average decrease
of 15.5% in blood pressure. The development of the re-
versal of greater pressure drops with increased kink-
ing angles from 20° to 30° was not observed in the clin-
ical measurements. This was attributed to excessive
elongation and stenosis of the ICA in cases of severe
kinking. And although the pressure drop changed
gradually in the simulation models, it decreased rap-
idly in clinical measurements when the angle was <
452 but was more gradual with higher angles. This
behavior could be caused by the characteristics of the
medium (blood is a non-Newtonian fluid), and the
elastic walls of the ICA. Both factors can contribute to
the self-regulatory mechanism of blood flow. (57) This
was one of the first studies to evaluate these aspects of
CDA by comparing clinical and artificial observations
with direct measurements of ICA pressures. These
results show that blood pressure and blood flow ab-
normalities may be responsible for the interruption
of cerebral perfusion, resulting in ischemia and thus
cerebrovascular events.

Some authors observed an association between
CDA and aneurysms in the context of CTD. (26) The
positive predictive value of the combination of aortic
aneurysm and CDA associated with CTD was 95.4%
with a specificity of 98.6%. Increased tortuosity index
in the aorta and vertebral artery is an independent
predictor of aortic dissection in patients with Marfan
syndrome. Thus, in patients with CTD, CDA can indi-
cate the presence of clinically significant aneurysms.
(6, 26, 40)

Dolichoarteriopathies have been associated with
increased morbidity and mortality in head and neck
surgery. This risk was recognized in the studies by

Weibel and Fields (8) and Metz. (9) Nayak et al. em-
phasize the importance of evaluating the morphology
of the carotid arteries prior to pharyngeal procedures,
as they can be complicated by vascular injury, bleed-
ing, and in severe cases, death due to massive hemor-
rhage. (568) For this reason, it is essential to thorough-
ly examine the carotid arteries before performing any
procedure in the neck.

Treatment

Despite the controversy about the clinical implications

of CDA, some indications have been developed to man-

age them according to the degree of hemodynamic in-

volvement of the tortuosity, among other parameters.

Gavrilenko et al. (59) proposed treating CDA under

the following conditions:

1. ICA stenosis = 60% with atherosclerotic plaques
and any degree of cerebrovascular insufficiency; or

2. ICA stenosis < 60% with atherosclerotic plaques,

a moderate to severe degree of cerebrovascular in-

sufficiency in combination with tortuosity, a linear

blood flow rate = 110 ecm/s and a turbulent blood
flow.

Grego et al. (60) proposed specific indications for
surgery:

a) TIA (hemispheric symptoms);

b) Asymptomatic patients with kink angle < 30°,
with contralateral carotid artery occlusion;

¢) Patients with non-hemispheric symptoms after a
screening to exclude all other possible neurologi-
cal or non-neurological causes with: 1) Doppler
ultrasound positive for significant increase of flow
velocity, 2) positive cerebral CT scan or MRA for
ischemic lesions in the ipsilateral hemisphere, and

3) reversal of circulatory flow in the anterior cere-

bral artery and its reduction in the middle cerebral

artery, in relation to rotation and cephalic flexion-
extension maneuvers.

Other authors have suggested initiating treatment
in cases with an ICA-to-common carotid ratio > 2 or
a blood flow velocity greater than 180 cm/s. (61,62)
However, the actual indication for treating CDA re-
mains controversial. Most authors agree that symp-
tomatic CDA should be treated after excluding other
causes.

Invasive techniques have been proposed to correct
CDA with successful results (fixation of the ICA to the
digastric muscle, end-to-end anastomosis, end-to-side
reimplantation, carotid endarterectomy with patch,
bypass grafting, and carotid angioplasty with stent-
ing). (40) However, despite the success of these tech-
niques, the appropriate treatment remains controver-
sial. Further studies are needed to determine the real
effectiveness of the surgical approach to CDA.

CONCLUSION

CDA are a common condition with multifactorial eti-
ology and limited, but not negligible, evidence of cer-
ebrovascular involvement. Further studies are needed
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to determine the usefulness of the therapeutic strate-
gies to improve its prognosis. Strict monitoring and
closer follow-up of patients with global assessment of
thromboembolic risk are reasonable measures to pre-
vent future events.
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