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Abstract

Background and purpose: Dolichoarteriopathies of the extracranial part of the internal
carotid artery (ICA) are associated with cerebrovascular events, yet information on their
prevalence and risk factors remains limited. The aim of the present study therefore was
to study the prevalence and risk factors of dolichoarteriopathies in a sample of patients
with cerebrovascular symptoms from the Plaque At RISK (PARISK) study.

Methods: In a random sample of 100 patients from the PARISK study, multidetector com-
puted tomography angiography (MDCTA) was performed as part of clinical workup. On
MDCTA, we evaluated the extracranial trajectory of the ICA by measuring the length (in
millimeters), the tortuosity index (Tl; defined as the ICA length divided by the shortest
possible distance from bifurcation to skull base), and dolichoarteriopathy type (tortuosity,
coiling or kinking). Next, we investigated the association between cardiovascular risk fac-
tors and these measurements using linear and logistic regression analyses.

Results: The mean (standard deviation) length of the ICA was 93 (+ 14) mm, with a median
(interquartile range) Tl of 1.2 (1.1-1.3). The overall prevalence of dolichoarteriopathies
was 69%, with tortuosity being the most common (72%), followed by coiling (20%), and
kinking (8%). We found that age and obesity were associated with a higher TI: difference
per 10-year increase in age: 0.05 (95% confidence interval [CI] 0.02-0.08) and 0.16 (95%
Cl10.07-0.25) for obesity. Obesity and hypercholesterolemia were associated with a more
severe type of dolichoarteriopathy (odds ratio [OR] 2.07 [95% Cl 1.04-4.12] and OR 2.17
[95% CI 1.02-4.63], respectively).

Conclusion: Dolichoarteriopathies in the extracranial ICA are common in patients with
cerebrovascular symptoms, and age, obesity and hypercholesterolemia may play an im-

portant role in the pathophysiology of these abnormalities.
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INTRODUCTION

Dolichoarteriopathies are abnormal configurations in the geome-
try and course of the extracranial part of the internal carotid artery
(ICA). These abnormalities have been linked to a wide range of cere-
brovascular symptoms, such as transient ischemic attacks (TIAs) and
even potentially life-threatening ischemic strokes requiring prompt
interventions [1-6]. Despite the potential harm of carotid dolichoar-
teriopathies, information on their prevalence and etiology remains
limited.

The prevalence of dolichoarteriopathies in the ICA may range
from 4% to 66% in symptomatic patients [7,8]. An important expla-
nation for this wide range of prevalence estimates is the heterogene-
ity in the assessment of dolichoarteriopathies across studies. First,
the main noninvasive imaging modality that has been used to assess
carotid dolichoarteriopaties is ultrasonography. Important short-
comings of ultrasonography for assessing dolichoarteriopathies are
its restricted coverage of the trajectory of the ICA and a high ob-
server dependency. Second, the classification of dolichoarteriopa-
thies currently relies on subjective, visual assessments, which are
particularly troublesome when differentiating between straight and
slightly tortuous arteries, leading to substantial misclassification of
dolicharteriopathies.

In addition to information on the prevalence of carotid dol-
ichoarteriopathies, the evidence on risk factors for dolichoarte-
riopathies remains equally inconsistent. In some studies among
patients with a wide range of pathologies including stroke, de-
mentia or other neurological conditions, hypertension, body mass
index (BMI), hypercholesterolemia, diabetes mellitus and cigarette
smoking were linked to dolichoarteriopathies [4,5,7-9], while
other studies did not find any association of these factors with
dolichoarteriopathies [10-13]. Yet, given the potential harm of
these aberrations, detailed insight into the contributing risk fac-
tors is paramount.

We therefore investigated the prevalence of ICA dolichoarte-
riopathies using quantitative measurements and traditional visual
rating in a random sample of symptomatic stroke and TIA patients
who underwent multidetector computed tomography angiography
(MDCTA). Furthermore, we investigated the association between

common cardiovascular risk factors and these dolichoarteriopathies.

METHODS
Study population

We randomly selected 100 patients from the Plaque At RISK
(PARISK) cohort (clinicaltrials.gov: NCT01208025) who under-
went MDCTA between September 2010 and December 2014. The
PARISK study is a Dutch prospective multicenter cohort study that
uses noninvasive plaque imaging to identify patients with mild to
moderate carotid artery stenosis (<70%) and an increased risk of re-
current stroke [14].

Statement of ethics

The PARISK study was approved by the institutional Medical Ethical
Committees. Written informed consent was obtained from each
participant in each center before enrollment.

MDCTA image acquisition

Image acquisition was performed using a 16-, 64- or 128-slice
MDCTA system using a standardized optimized contrast-enhanced
MDCTA protocol (120 kVp, 150-180 mAs, collimation 16 x 0.75 mm
or 64 x 2 x 0.6 mm, pitch <1), ranging from the ascending aorta to
the intracranial circulation (3 cm above the sella turcica) [14]. Image
reconstructions are made with a field of view of 120-160 mm, ma-
trix size 512 x 512, slice thickness 1.0 mm, increment 0.6-0.7 mm
and with intermediate reconstruction algorithms.

Assessment of ICA dolichoarteriopathies

For the evaluation of dolichoarteriopathies, all MDCTA images
were transferred to a workstation equipped with dedicated three-
dimensional analysis software (Syngo.via; Siemens, Erlangen,
Germany). For all 100 patients, we evaluated the course of both ca-

rotid arteries using the following strategy.

Quantitative measurements of dolichoarteriopathies

First, we calculated the length of the ICA in mm by quantifying the
length of the centerline from the carotid bifurcation to the point of
entering the skull. Second, we calculated the shortest distance from
the carotid bifurcation to the skull base (in a three-dimensional mul-
tiplane view) in millimeters to subsequently calculate the tortuosity
index (TI) by dividing the real length of the ICA by the shortest dis-
tance from bifurcation to skull. Thus, a higher Tl represents a more

tortuous vessel.

Qualitative assessment of dolichoarteriopathies

Two trained readers in carotid computed tomography (K.D./D.v.D.N.)
performed the ICA morphological classification under the super-
vision of an expert in vascular imaging (D.B.) and neuroradiologist
(A.v.d.L.) according to a classification system as described by Weibel
and Fields [15] (Figure 1). All were blinded to the clinical data of the
patients. We classified arteries as follows: tortuosity: S- or C-shaped
course of the ICA,; coiling: an exaggerated S-shaped curve or a circu-
lar configuration of the course of the ICA; kinking: angulation of one
or more segments of the ICA associated with a visible impression
of the lumen. The extracranial ICA was classified as straight if none
of the abovementioned abnormalities were seen. In case of two or
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(b) Tortuosity (C- or S-shaped)

(a) straight

(d) Kinking

FIGURE 1 Multidetector computed tomography angiography examples (maximum intensity projection views) and schematic illustrations
of different types of dolichoarteriopathy of the extracranial internal carotid artery. ECA, external carotid artery; ICA, internal carotid artery

more abnormalities in the same artery, we classified the artery ac-
cording to the most severe abnormality (from mild to severe: tortu-
osity; coiling; kinking).

Assessment of cardiovascular risk factors

We assessed the following cardiovascular risk factors: BMI, hyper-
tension, hypercholesterolemia, diabetes mellitus, and smoking sta-

tus (ever- versus never-smoker) [14,16].

Statistical analysis

To compare the frequency of the type of dolichoarteriopathy be-
tween left and right, and between symptomatic and asymptomatic
side, we used McNemar's tests. Potential differences in the length
of the ICA between left and right, and between symptomatic and
asymptomatic were investigated using paired t-tests. Given the
skewed distribution of the TI, Wilcoxon signed rank tests were used
to evaluate differences between left and right, and between symp-
tomatic and asymptomatic carotid arteries.

Next, we assessed the association between cardiovascular risk
factors and dolichoarteriopathies. In order to take into account the
fact that one patient has two arteries, which are inherently subject

to the presence or absence of the same cardiovascular risk factors
of that patient (in-patient correlation), we used a generalized esti-
mation equation approach. Using linear (ICA length, Tl) and ordinal
logistic models (classification of dolichoarteriopathies [straight/
tortuous/coiling/kinking]), we assessed the association of sex, age,
obesity, hypertension, hypercholesterolemia, diabetes mellitus,
and smoking with the outcomes. In Model 1, the risk factors were
entered individually. In Model 2, all factors were entered simulta-
neously to investigate whether specific risk factors were linked to
the outcomes independent of other risk factors. Given that both
coiling and kinking are regarded as potential cerebrovascular event
risk-increasing dolichoarteriopathies, we combined these into one
category in our ordinal logistic models. Multiple imputation algo-
rithms (with five imputations) were used to deal with missing values
in the cardiovascular risk factors (missing: obesity n = 3; hyperten-
sion n = 9; hypercholesterolemia n = 4; diabetes mellitus n = 13). All

analyses were performed using IBM SPSS Statistics version 21.

RESULTS

The mean (standard deviation [SD]) age of the patients was
66 (8) years, and 76% were male. Obesity was present in 18% of
the population, hypertension in 69%, hypercholesterolemia in 79%,
diabetes mellitus in 23%, and 81% had ever smoked.
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Prevalence and distribution of dolichoarteriopathies
in the ICA

From the 200 arteries in 100 patients, we had to exclude two ar-
teries from the analyses because of the presence of a stent and an
occlusion. We found a mean (SD) length of the ICA of 93 (14) mm
with a median (interquartile range [IQR]) Tl of 1.2 (1.1-1.3).
Dolichoarteriopathies were present in 136 arteries (69%). The most
common type of dolichoarteriopathy was tortuosity (98/136 = 72%),
followed by coiling (27/136 = 20%), and kinking (11/136 = 8%).
Tortuosity occurred bilaterally in 69% of the cases, coiling in 59%,
but kinking only occurred unilaterally. We found no statistically sig-
nificant differences between the length of the ICA, Tl or presence
of dolichoarteriopathies when comparing the ICA on the right and
left side or when comparing the symptomatic and asymptomatic side
(Tables 1 and 2).

Cardiovascular risk factors and dolichoarteriopathies

Male sex was independently associated with a longer ICA: difference
between male and female sex: 9.28 mm (95% confidence interval [CI]
4.62; 13.93). Older age and obesity were associated with a higher
TI: difference per 10-year increase in age: 0.05 (95% Cl 0.02-0.08),
and 0.16 (95% Cl 0.07-0.25) for obesity (Table 3). Obesity and hy-
percholesterolemia were independently associated with the severity
of dolichoarteriopathy (odds ratio [OR] 2.07 [95% CI 1.04-4.12] and
OR 2.17 [95% Cl 1.02-4.63]; Table 4).

DISCUSSION

We found that dolichoarteriopathies are very common in patients
with recent cerebrovascular symptoms. The length and Tl of the ICA,
and the presence of dolichoarteriopathies were similar between the

TABLE 1 Comparison of dolichoarteriopathies prevalence,
extracranial internal carotid artery length and tortuosity index
between the right and left extracranial internal carotid artery

Right (n = 99) Left (n = 99) Calue

Mean + SD 94 + 15 93+ 14 0.11

length ICA,

mm
TIICA median 1.14 (1.07-1.28) 1.17 (1.09-1.29) 0.06

(IQR)
Straight, n (%) 34 (34) 28(29) 0.29
Tortuous, n (%) 45 (45) 53(53) 0.19
Coiling, n (%) 13 (13) 14 (14) 1.00
Kinking, n (%) 7(7) 4(4) N.A?2

right and left carotid artery. Male sex, age, obesity and hypercholes-
terolemia were linked to dolichoarteriopathies.

The prevalence of dolichoarteriopathies of 69% that we found
is in agreement with previous studies reporting a high prevalence of
these abnormalities, especially in patients with cardiovascular risk
factors [7,8,17]. When examining types of dolichoarteriopathies,
we found that kinking occurred less frequently than tortuosity and
coiling. An important remark with regard to this finding is that we
defined kinking as a configuration with an impression of the lumen
in the inner curvature of the kink. As this is only possible to assess
on computed tomography angiography (CTA), and not on ultraso-
nography, which was used in most previous studies, we likely have
recorded a lower, but more accurate prevalence of kinking than pre-
vious studies [18,19]. Additionally, the head position might influence
carotid artery geometry; the supine position with the head tilted
back during CTA ensures a similar position of all patients, whereas
during ultrasonography the head position could vary [18,19].

Tortuosity is postulated to be a generally benign abnormality,
whereas kinking and coiling are potentially harmful in light of cere-
brovascular disease [1,18,20]. Carotid artery kinking and coiling are
thought to alter the blood flow to the brain and may, in case of co-
existence of atherosclerosis or disturbances in self-regulatory blood
flow mechanisms, lead to cerebral ischemia [18,21-23]. Additionally,
kinks and coilings might induce turbulences in the blood flow that
can lead to thrombus formation with subsequent embolization
[1,20,24]. However, in the present cross-sectional analysis we did
not find differences in the prevalence of dolichoarteriopathies ac-
cording to the symptomatic and asymptomatic arteries. Hence, fu-
ture longitudinal studies are warranted to further investigate the link
between dolichoartiopathies and the risk of stroke.

In terms of risk factors for dolichoarteriopathies, we found that
male sex was independently associated with the length of the ICA.
However, this is likely completely driven by the fact that men are
generally taller than women, which was further confirmed by the
lack of a finding for TI. When investigating the other cardiovascular
risk factors, we found that age, obesity and hypercholesterolemia

TABLE 2 Comparison of dolichoarteriopathies prevalence,
extracranial internal carotid artery length and tortuosity index
between the symptomatic and asymptomatic extracranial internal
carotid artery

Symptomatic
(n=99)

Asymptomatic p
(n=99) value

Mean + SD ICA
length, mm

TI ICA median (IQR)

95+ 15 92+13 0.07

1.15(1.07-1.30)  1.16(1.09-1.28) 0.06

Straight, n (%) 32(32) 30(30) 0.83
Tortuous, n (%) 50 (50) 48 (48) 1.00
Coiling, n (%) 11 (11) 16 (16) 0.23
Kinking, n (%) 7(7) 4 (4) N.A.2

Abbreviations: ICA, internal carotid artery; IQR, interquartile range;
n, number; SD, standard deviation; T, tortuosity index.

?Due to the low numbers, no statistical comparison was made.

Abbreviations: ICA, internal carotid artery; IQR, interquartile range;
n, number; SD, standard deviation; Tl, tortuosity index.

?Due to the low numbers, no statistical comparison was made.
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TABLE 3 Associations of cardiovascular risk factors with length and tortuosity index of the extracranial internal carotid artery

ICA length (mm)

Regression coefficient [95% Cl]

TI

Regression coefficient [95% Cl]

Model 1

Model 2

Model 1

Model 2

Sex (male)

Age (10 years increase)

Obesity

Hypertension

Hypercholesterolemia

Diabetes mellitus

Ever smoker

8.85 [4.61;13.09]
2.48[0.58;4.38]
3.04 [-2.84;8.92]
2.57 [-1.88;7.02]
1.62 [-4.44;7.68]
-0.69 [-5.21;3.84]
-1.20 [-6.05;3.66]

9.28 [4.62;13.93]
1.00[-0.90;2.89]
4.03 [-2.21;10.26]
1.50 [-3.01;6.01]
4.15[-0.69;9.00]
-1.47 [-5.75;2.81]
-1.04 [-5.79;3.71]

-0.02 [-0.09;0.06]
0.04[0.01;0.07]
3.04 [-2.84;8.92]
0.04[-0.01;0.10]
0.05[-0.01;0.11]
0.06 [-0.01;0.13]
0.03 [-0.03;0.09]

-0.02 [-0.09;0.04]
0.05[0.02;0.08]
0.16 [0.07;0.25]
0.01 [-0.05;0.07]

-0.01 [-0.06;0.06]
0.05[-0.01;0.12]
0.05[-0.01;0.11]

Note: Model 1: Univariable model.
Model 2: Multivariable model with all variables entered simultaneously.

Abbreviations: Cl, confidence interval; ICA, internal carotid artery; Tl, tortuosity index.

TABLE 4 Associations of cardiovascular risk factors with
classification of dolichoarteriopathies.

Classification: straight vs. tortuous vs.
coiling and kinking

Odds ratio [95% Cl]

Model 1 Model 2

0.95[0.51;1.75] 0.96[0.53;1.73]
10.30 [9.96;10.65]
2.07 [1.04;4.12]
1.29[0.70;2.40]
2.17 [1.02;4.63]
1.13[0.60;2.12]

1.06[0.56;1.99]

Sex (male) [

Age (10-year increase)  10.33[10.01;10.67]
Obesity 2.37 [1.20;4.69]
Hypertension 1.48 [0.82;2.67]
2.67 [1.29;5.56]
1.19 [0.64;2.19]
0.86[0.45;1.63]

Hypercholesterolemia
Diabetes mellitus

Ever smoker

Note: Model 1: Univariable model.
Model 2: Multivariable model with all variables entered simultaneously.
Abbreviation: Cl, confidence interval.

were most prominently associated with higher Tl and more severe
types of dolichoarteriopathies. For obesity, it has been proposed
that larger amounts of abdominal visceral fat increase the intra-
abdominal static pressure which may result in an upward shift of
the diaphragm and a rise of the mediastinum. Consequently, the dis-
tance from the aortic arch to the skull base may change and result in
carotid dolichoarteriopathy [1,7]. Future studies should be focused
on further elucidating this potential explanation. The observed asso-
ciation between old age and Tl supports the theory that dolichoar-
teriopathies partly develop as a result of ageing, due to a substantial
loss of arterial elasticity [25]. Overall, the development of dolichoar-
teriopathies seems to be the result of a complex interaction of mul-
tiple factors, which merits further investigation.

Strengths of the present study were the use of MDCTA and of
quantitative measures to evaluate dolichoarteriopathies. The study

also has some limitations. First, the results can only be generalized to
persons with recent cerebrovascular symptoms; data on the preva-
lence of dolichoarteriopathies in the general population and accord-
ing to different age categories would be of great value, in particular,
as these may represent an important but underestimated risk fac-
tor for stroke. Second, given the cross-sectional analyses, we were
unable to investigate the link between dolichoarteriopathies and
symptomatology.

In conclusion, dolichoarteriopathies in the extracranial ICA are
common findings in patients with recent cerebrovascular symp-
toms. Age, obesity and hypercholesterolemia may play an import-
ant role in the pathophysiology of dolichoarteriopathies at this
location.
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