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Abstract

Cervicocerebral artery dissection stands out as a significant contributor to ischemic stroke in young adults. Several studies
have shown that arterial tortuosity is associated with dissection. We searched Pubmed and Embase to identify studies on the
association between arterial tortuosity and cervicocerebral artery dissection, and to perform a review on the epidemiology
of cervicocerebral artery tortuosity and dissection, pathophysiology, measurement of vessels tortuosity, strength of associa-
tion between tortuosity and dissection, clinical manifestation and management strategies. The prevalence of tortuosity in
dissected cervical arteries was reported to be around 22%-65% while it is only around 8%-22% in non-dissected arteries.
In tortuous cervical arteries elastin and tunica media degradation, increased wall stiffness, changes in hemodynamics as
well as arterial wall inflammation might be associated with dissection. Arterial tortuosity index and vertebrobasilar artery
deviation is used to measure the level of vessel tortuosity. Studies have shown an independent association between these
two measurements and cervicocerebral artery dissection. Different anatomical variants of tortuosity such as loops, coils and
kinks may have a different level of association with cervicocerebral artery dissection. Symptomatic patients with extracranial
cervical artery dissection are often treated with anticoagulant or antiplatelet agents, while patients with intracranial arterial
dissection were often treated with antiplatelets only due to concerns of developing subarachnoid hemorrhage. Patients with
recurrent ischemia, compromised cerebral blood flow or contraindications for antithrombotic agents are usually treated with
open surgery or endovascular technique. Those with subarachnoid hemorrhage and intracranial artery dissection are often
managed with surgical intervention due to high risk of re-hemorrhage.
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Introduction

Cervicocerebral artery dissection is increasingly acknowl-
edged as a significant risk factor for ischemic stroke in
young adults [19, 35]. Dissection may occur spontaneously
or after an injury [13, 29, 70]. However, the etiology of dis-
section is still a matter of debate [57, 65]. Among the pro-
posed etiologies is arteriopathy, possibly stemming from an
underlying connective tissue disorder that compromises the
strength of the arterial wall. Patients with connective tissue
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diseases often have known genetic mutation and show higher
arterial tortuosity compared to general population [9, 77].
In addition, a higher tortuosity index can be a predictor for
arterial dissection and overall outcomes in these patients
[55]. Despite this associations, only a minority of dissection
cases present with overt connective tissue disorders [20].
Nonetheless, even in the absence of identifiable disorders,
weakened vascular structures may manifest as increased tor-
tuosity under hemodynamic stress [36].

Some researchers speculate that tortuosity could be a pri-
mary indicator of subclinical connective tissue weakness
and have conducted qualitative and quantitative investiga-
tions into its association with dissection. Therefore, a com-
prehensive review was undertaken to gain deeper insights
into the relationship between cervical artery tortuosity and
dissection.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-024-06171-2&domain=pdf
http://orcid.org/0000-0003-4600-8545

285 Page 2 of 10

Acta Neurochirurgica (2024) 166:285

Epidemiology

The categorization of morphological anomalies of the
carotid and vertebral arteries has not been standardized.
Reported studies have used multiple terms that may indi-
cate the same pathophysiological process. Weibel and
Fields are the first who categorized anomalies of the
internal carotid artery into three distinct types: tortuos-
ity, characterized by elongation and a rippled appearance
forming a C- or S-shape; kinking, denoting an acute angle
within the artery; and coiling, wherein the artery elongates
into an exaggerated S-shaped curve or circular configura-
tion [25]. Others have been using tortuosity to describe
different anatomical variants of carotid arteries such as
kinking, coiling, loop or elongation [45, 68]. Given the
variability in definitions, it has been challenging to quan-
tify the prevalence of morphological anomalies in cervical
carotid and vertebral arteries. In addition, studies evalu-
ating carotid cervical artery morphology are highly het-
erogeneous. One population-based study has shown that
the prevalence of carotid artery morphological anomalies
(kinking, coiling or tortuosity) is 25.9%. Among the stud-
ied population 14% were found to have kinking, 11.4%
coiling and 8.9% tortuosity [61]. The latest population-
based study which focused on carotid artery kinking and
coiling found that 9.94% of subjects had kinking or coiling
of the extracranial internal carotid artery. The prevalence
notably increased at both ends of the age spectrum (<20
and > 60 years old) [23].

On the other hand, the incidence of cervicocerebral
artery dissection is reported to be about 2.6-2.97 per
100,000 patients per year [8, 50]. This is likely an under-
estimate given that some patients with cervicocerebral
artery dissection have no symptoms, subtle symptoms,
or an uncertain non-specific onset of symptoms [34, 68].
Reports on the incidence of internal carotid artery (ICA)
dissection versus vertebral artery (VA) dissection also dif-
fer, although several studies show ICA dissection to be
more common than VA dissection [5, 50, 76]. The mean
age of occurrence of cervical artery dissection is about 44,
with a lower occurrence in patients above 65 [15, 28, 50].
A study from Mexico shows that the mean age of occur-
rence tends to be younger among the Hispanic population
[2]. Most reported cases of intracranial artery dissection
come from Asia, suggesting a higher prevalence among
the Asian population. It is unclear whether this indicates
a publication bias, differences in disease prevalence across
ethnic groups, or both [21].

Studies on the prevalence of tortuosity in patients with
cervicocerebral artery dissection are scarce. The study
conducted by Barbour et al. for instance, comprised 13
patients in the dissected group and 108 in the control

@ Springer

group. Among the dissected group, 8 of 13 patients (62%)
and 13 of 20 internal carotid arteries (65%) exhibited sig-
nificant tortuosity. In contrast, the non-dissected group
showed significant tortuosity in 20 patients (19%) and 22
vessels (12%) out of 187 [7]. In another study by Kim
et al. comparing spontaneous cervical internal carotid
artery dissections with age and sex-matched controls, the
prevalence of any carotid tortuosity was found to be 53%
and 34% in the per-patient analysis of dissected and con-
trol groups, respectively. In per-vessel analysis, the preva-
lence of tortuosity was 39% in the dissected group and
25% in the control group. Loops were observed in 22% of
the study group and 8% of controls. Furthermore, a retro-
jugular course of the internal carotid artery was evident
in 23% of dissected patients and 9% of controls in the
per-vessel analysis [45]. Saba et al. showed the prevalence
of arterial tortuosity was 50.4% in a separate per vessel
analysis study [68].

Pathophysiology

Tortuosity is believed to arise from a combination of genetic
factors, degenerative vascular diseases, and changes in blood
flow and pressure [36, 62, 66] In tortuous cervical arteries
there are a few possible mechanisms associated with dis-
section. Several studies have shown that elastin and tunica
media degradation, which reflects degenerative changes in
the arterial wall, is associated with vessel tortuosity. That
means tortuous arteries have an underlying vessel wall weak-
ness [4, 26, 36, 49]. Increased wall stiffness subsequently
causes higher circumferential wall stress which subsequently
alters the vessel wall strucutre [12]. In addition, changes in
hemodynamics due to tortuous structure might lead to the
local disruption of the endothelial integrity [36]. Moreover,
widening of the tight junctions, arteriopathy and the subse-
quent inflammation of the arterial wall accompanying the
release of inflammatory agents in response to hemodynamic
injury might predispose patients to cervical artery dissection
[6, 15, 63, 74]. Genetic factors may mediate these reported
associations as well as possible therapeutic targets.

Measurement of tortuosity and its
association with dissection

Combined color duplex and doppler sonography is a non-
invasive screening tool for cervical artery dissection. The
sensitivity of this method is largely contingent on the opera-
tor, and its diagnostic efficacy is limited for arteries situated
at the skull base or within the transverse foramina. When
vertebral or carotid artery dissection is suspected on duplex
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ultrasound, MRA or CTA is often required for confirma-
tion. There is no consensus on how to evaluate and measure
the degree of tortuosity. Several measurements have been
introduced in the literature, such as arterial tortuosity index,
vertebrobasilar artery deviation etc., as shown in the sum-
mary table.

Arterial Tortuosity Index (ATI)

Measuring arterial tortuosity index (ATI) is a way to
describe the level of vessel tortuosity. There are only a few
studies which quantitively assessed ATI to investigate the
association between cervical arterial tortuosity and dissec-
tion. ATI was defined as (actual length of artery/ straight
length -1)*100. For the measurement of arterial length, a
3D volume rendered angiogram was used in these stud-
ies. Kim et al. conducted a comparative analysis between
patients with cervical dissection and age- and sex-matched
healthy controls. Despite no variance in vascular risk fac-
tors between the two groups, their findings revealed a higher
prevalence of tortuosity in cervical arteries among those
with cervical artery dissection compared to controls. Their
multivariate analysis highlighted the independent asso-
ciation of vascular tortuosity of the vertebral artery with
the presence of cervical artery dissection [44] Similarly,
Giossi et al. assessed the degree of tortuosity in consecutive
patients with spontaneous cervical artery dissection, age-
and sex-matched patients with ischemic stroke unrelated to
cervical artery dissection, and stroke-free subjects. Their
study indicated a higher vertebral Arterial Tortuosity Index
(ATI) in patients with cervical artery dissection (median 7.3)
compared to non-cervical artery dissection stroke subjects
(median 3.4) and stroke-free subjects (median 4.0). Multi-
variable regression analysis demonstrated an independent
association between vertebral ATI and the risk of cervical
artery dissection. Moreover, the degree of tortuosity tended
to be higher in dissected patients experiencing short-term
recurrence compared to those without recurrent events [33]
Additionally, Zhang et al. compared 66 patients with cervi-
cocerebral artery dissection with a matched control group,
revealing higher internal carotid tortuosity index (25.24 vs.
15.90) and vertebral tortuosity index (11.28 vs 8.38) in the
study group compared to controls. They also found inde-
pendent associations between internal carotid artery tortu-
osity index, vertebral artery tortuosity index, and Type III
carotid siphons with the risk of cervicocerebral artery dis-
section [79].

Vertebrobasilar artery deviation
Another way of describing vertebral tortuosity level is meas-

uring vertebrobasilar artery deviation which is often assessed
with lateral shift of the vertebral artery or vertebrobasilar

junction. Kurata et al. evaluated a series of 57 consecu-
tive cases using angiography to examine deviations in the
course of affected and contralateral vertebral arteries. They
established the midline as a line extending from the sep-
tum pellucidum to the anterior median fissure, determined
through basiparallel anatomic scanning (BPAS) MR imaging.
According to their classification, no deviation was character-
ized by a sharp angle configuration of the vertebral artery
(Type I), mild-to-moderate deviation by an obtuse angle con-
figuration (Type II), and severe deviation by marked devia-
tion to the contralateral side crossing over the midline (Type
IID). Their findings revealed that the most prevalent pattern
of vertebral artery deviation was Type III for the affected side
and Type I for the nonaffected side. Interestingly, all Type III
dissections occurred proximal to a tortuous portion, whereas
the majority of Type I and Type II cases (33 out of 39) were
observed near the union of the vertebral artery [48].

Hori et al. classified the deviation of the vertebrobasilar
junction into three types: Type 1, where the vertebrobasi-
lar junction is positioned within 2 mm from the midline;
Type 2, characterized by a lateral shift of more than 2 mm
towards the ipsilateral side of the dominant vertebral artery;
and Type 3, indicating a lateral shift of more than 2 mm
towards the contralateral side of the dominant vertebral
artery. Their findings revealed a higher prevalence of both
dominant vertebral artery presence and lateral shift of the
vertebrobasilar junction among patients with vertebral artery
dissection compared to the control group. Among patients
with vertebral artery dissection, the lateral shift of the verte-
brobasilar junction was categorized into Type 1 (n=6), Type
2 (n=13), and Type 3 (n=17), while among the controls, it
was classified into Type 1 (n=20), Type 2 (n=8), and Type
3 (n=7T). Type 3 predominance was noted in patients with
vertebral dissection [39] (Table 1).

Different anatomical variations of arterial tortuosity

Seldom studies evaluated the association between dissection
and different anatomical variation of carotid artery vessel
tortuosity. Saba et al. categorized tortuosity as elongation,
kinking, or coiling. The findings of their study revealed a
statistically significant correlation between internal carotid
artery dissection and kinking as well as coiling, whereas no
statistically significant difference was observed with arterial
vessel elongation. Moreover, internal carotid artery dissec-
tion was more frequently observed on the left side compared
to the right. These results were further validated using both
carotid arteries of the same patient as the dependent param-
eter, for kinking, coiling, and elongation. In another study
conducted by Kim et al., anatomical variations of vessels
such as loops, coils, and kinks were examined. On per-vessel
analysis, there was no significant difference in the prevalence
of loops, coils, or kinks [44].
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Arterial tortuosity in children

A study conducted by Wei et al. centered on arterial tortu-
osity and the pathogenesis of stroke among patients under
the age of 18. Tortuosity was assessed individually for each
cervical artery by dividing the path length by the Euclid-
ean (shortest) distance between its end points. The findings
revealed that tortuosity was elevated in cases of extracra-
nial cervical dissection. However, there was no discernible
difference in tortuosity between traumatic and spontaneous
dissections [75].

Clinical manifestations and management

Dissected cervicocerebral arteries often form pseudoaneu-
rysm, intraluminal hematoma or thromboembolism which
can result in ischemic stroke or transient ischemic attacks
[11, 16,43, 50,51, 59, 74]. However, in most cases, patients
are asymptomatic or have local symptoms which can differ
depending on the location of dissection in cervical arteries.
Common local symptoms include headache, neck pain, cer-
vical and cranial neuropathy, pulsatile tinnitus, or Horner’s
syndrome [18, 31, 51, 54, 71]. Neck pain is common in
extracranial vertebral artery dissection [18]. Cervical neu-
ropathy and Horner’s syndrome are often seen with carotid
artery dissection [18, 51, 71]. Stroke symptoms are gener-
ally more severe in carotid artery dissections, whereas suba-
rachnoid hemorrhages (SAH) are more frequently associated
with dissections in the intracranial portion of the vertebral
artery [17, 21]. In rare cases extracranial carotid artery dis-
section can cause tongue swelling, vocal cord paralysis, dif-
ficulty with swallowing, homonymous hemianopsia or hal-
lucinations [40, 56, 67, 72]. Dissection in the intracranial
portion of cervical artery may result in subarachnoid hemor-
rhage, and this may happen in combination with ischemic
stroke. Urgent intervention is often utilized in these situa-
tions [3, 21].

At present, there is no absolute consensus on how to treat
patients with cervicocerebral artery dissection. However,
all symptomatic patients are often placed on antithrombotic
medication, either antiplatelet or anticoagulation, to prevent
stroke and long-term neurological complications. Extension
of intramural hematoma is rare, but still possible, during
antithrombotic therapy, hence, the approach may vary for
extracranial versus intracranial dissections. Limited avail-
able evidence suggests no significant difference in efficacy
between anticoagulation and antiplatelet treatment for pre-
venting ischemic stroke in cases of extracranial dissection.
Trials such as the Cervical Artery Dissection in Stroke Study
(CADISS) or TREAT-CAD trial did not establish superiority
of one over the other among anticoagulant and antiplatelet
agents [30, 52]. Meta-analyses of non-randomized studies

also found no disparities in outcome or complication rates
between anticoagulation and antiplatelet therapy [14, 42].
For patients who have ischemic neurologic symptoms caused
by intracranial arterial dissection, studies have indicated that
antiplatelet therapy might be preferred over anticoagulation
due to the potential risk of developing subarachnoid hemor-
rhage [22].

Most studies debate that the candidates for procedural
therapy include those who have recurrent ischemia despite
medical treatment and those with significantly compromised
cerebral blood flow (narrow vessel lumen) as well as patients
with contraindications to anticoagulants or antiplatelets [16,
32, 53]. It is important to note that that all patients, including
those who receive surgical or endovascular interventions,
receive medical therapy in line with international treatment
guidelines [10].

Various open surgical and endovascular approaches have
been outlined for managing carotid and vertebral artery
dissections and pseudoaneurysms. The American Heart
Association/American Stroke Association (AHA/ASA) rec-
ommends surgical repair only for internal carotid artery dis-
section and not vertebral artery dissection [10]. The AHA/
ASA also fails to clarify when exactly medical therapy alone
is inadequate and surgical intervention should be considered.
For surgical management, the diseased portion of the carotid
artery that contains the dissection is either repaired directly,
resected, or bypassed. Primary artery repair is performed by
removal of the clot (i.e.thromboendarterectomy) and then
the artery is repaired with patchplasty using autologous
vein (a segment of the patient's own vein, typically saphen-
ous) or a synthetic patch. If the damaged arterial segment is
resected, it is replaced with an autologous interposition vein
graft or synthetic graft. If there is redundant artery with a
loop or kink, primary anastomosis can be employed. Bypass
of the diseased segment can also be performed with autolo-
gous vein graft or a synthetic tube graft.

Endovascular approaches include angioplasty or stent
placement which acts as a scaffold that is used to tack
down the intimal flap and to reinforce the cervical arterial
wall [27, 46, 58, 64, 69, 73]. Flow diversion has also been
used in the management of vertebral and carotid artery
dissection [24, 78]. Radial or femoral access can be used
with endovascular techniques. Guidewires and catheters
are then used to cannulate the carotid or vertebral artery
under X ray guidance, and the stent or flow diverter is
delivered over the guidewire and into the diseased artery.
International guidelines, in particular those from the AHA/
ASA, recommend to consider angioplasty and stenting
when ischemic neurological symptoms persist despite
antithrombotic therapy following acute dissection [10].
Numerous studies have investigated endovascular repair
of internal carotid artery dissection and vertebral artery
dissection, with successful results regarding safety and
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recurrent stroke [1, 37, 38, 41, 58, 64, 69, 73]. There-
fore, although the indications for endovascular repair are
not entirely specific, these treatments remain options for
patients who do not respond to medical therapy and in
patients with severe ischemic symptoms who are not can-
didates for thrombolytics, anticoagulation, or antiplatelet
agents. Endovascular techniques can also be used in the
treatment of persistent pseudoaneurysms associated with
dissection. The tortuosity of the involved cervical artery
can make endovascular repair challenging. Some studies
have shown that silk flow diverter, straightening with a
peripheral micro-guidewire, or distal guiding catheter
access can greatly facilitate endovascular therapy through
the tortuous vascular anatomy [47, 60, 78]. However, the
criteria for open surgical versus endovascular management
of tortuous dissected cervical arteries has not been dis-
cussed or compared in a head-to-head comparison in the
literature. It likely depends on the level of vessel tortuosity
and surgeon’s experience with either endovascular or open
surgical techniques. Further studies with rigorous quan-
titative assessment on cervical artery tortuosity and dis-
section may well help to provide insight into these issues.

For intracranial artery dissection and pseudoaneurysm
with subarachnoid hemorrhage, aggressive intervention
should be pursued to avoid rehemorrhage. This may be
accomplished by bypass and occlusion of the dissected seg-
ment or by endovascular techniques of vessel sacrifice or
flow diversion.

Conclusion

This review is on the qualitative and quantitative evaluation
of the association between cervicocerebral artery dissection
and arterial tortuosity. However, the methodology and study
subjects reported in the literature to date are quite variable
without standard techniques of tortuosity documentation.
Thus, it was impossible to do a stratified analysis on this
topic. The definition of tortuosity is inconsistent between
studies which hindered the comparison of data. In addition,
studies that explored the quantitative association between
cervical artery tortuosity and dissection are scarce. There-
fore, future emphasis should be placed on the transition from
visual observation-based diagnosis to objective measures
of level of vessel tortuosity and well-defined differentia-
tion between cervical vessel anomalies. It is also important
to apply common measurement strategies throughout and
between studies. Lastly, future studies with well-balanced
study and control groups through propensity matching or
randomized design can better assess the association between
cervicocerebral artery tortuosity and dissection.

@ Springer

Authors' contributions Mira Salih: Conceptualization, Literature
review, Data extraction from literature, Writing- Original Manuscript.
Philipp Taussky: Supervision, Writing- Reviewing and Editing.

Christopher S. Ogilvy: Conceptualization, Supervision, Writing-
Reviewing and Editing.

Funding None.
Data availability Not applicable.

Code availability Not applicable.

Declarations
Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Conflicts of interest/Competing interests None.

References

1. Ahlhelm F, Benz RM, Ulmer S, Lyrer P, Stippich C, Engelter
S (2013) Endovascular treatment of cervical artery dissection:
ten case reports and review of the literature. Interv Neurol
1(3-4):143-150

2. Arauz A, Ruiz A, Pacheco G, Rojas P, Rodriguez-Armida M,
Cantt C, Murillo-Bonilla L, Ruiz-Sandoval JL, Barinagarremen-
teria F (2013) Aspirin versus anticoagulation in intra- and extrac-
ranial vertebral artery dissection. Eur J Neurol 20(1):167-172

3. Arnold M, Bousser MG, Fahrni G, Fischer U, Georgiadis D, Gan-
djour J, Benninger D, Sturzenegger M, Mattle HP, Baumgartner
RW (2006) Vertebral artery dissection: presenting findings and
predictors of outcome. Stroke 37(10):2499-2503

4. Ballotta E, Thiene G, Baracchini C, Ermani M, Militello C, Da
Giau G, Barbon B, Angelini A (2005) Surgical vs medical treat-
ment for isolated internal carotid artery elongation with coiling or
kinking in symptomatic patients: a prospective randomized clini-
cal study. J Vasc Surg 42(5):838-846

5. Baracchini C, Tonello S, Meneghetti G, Ballotta E (2010) Neuro-
sonographic monitoring of 105 spontaneous cervical artery dis-
sections: a prospective study. Neurology 75(21):1864—1870

6. Baracchini C, Farina F, Tonello S, Citton V, Meneghetti G, Bal-
lotta E, Manara R (2013) Endothelial dysfunction in carotid elon-
gation. J Neuroimaging 23(1):18-20

7. Barbour PJ, Castaldo JE, Rae-Grant AD, Gee W, Reed JF, Jenny
D, Longennecker J (1994) Internal carotid artery redundancy is
significantly associated with dissection. Stroke 25(6):1201-1206

8. Béjot Y, Daubail B, Debette S, Durier J, Giroud M (2014) Inci-
dence and outcome of cerebrovascular events related to cervi-
cal artery dissection: the Dijon Stroke Registry. Int J Stroke
9(7):879-882

9. Benson JC, Brinjikji W (2020) The Chalice sign: characteristic
morphology of the cervical carotid bifurcation in patients with
Loeys-Dietz syndrome. Clin Neuroradiol 30(4):713-720

10. Brott TG, Halperin JL, Abbara S et al (2011) 2011 ASA/ACCF/
AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/SCAI/SIR/SNIS/
SVM/SVS guideline on the management of patients with extrac-
ranial carotid and vertebral artery disease: executive summary:
a report of the American College of Cardiology Foundation/



Acta Neurochirurgica

(2024) 166:285

Page9of 10 285

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

American Heart Association Task Force on Practice Guidelines,
and the American Stroke Association, American Association of
Neuroscience Nurses, American Association of Neurological
Surgeons, American College of Radiology, American Society of
Neuroradiology. C J Am Coll Cardiol 57(8):1002-1044
Callaghan FM, Luechinger R, Kurtcuoglu V, Sarikaya H, Poulika-
kos D, Baumgartner RW (2011) Wall stress of the cervical carotid
artery in patients with carotid dissection: a case-control study. Am
J Physiol Heart Circ Physiol. https://doi.org/10.1152/AJPHEART.
00871.2010

Calvet D, Boutouyrie P, Touze E, Laloux B, Mas JL, Laurent
S (2004) Increased stiffness of the carotid wall material in
patients with spontaneous cervical artery dissection. Stroke
35(9):2078-2082

Caplan LR (2008) Dissections of brain-supplying arteries. Nat
Clin Pract Neurol 4(1):34-42

Chowdhury MM, Sabbagh CN, Jackson D, Coughlin PA, Ghosh
J (2015) Antithrombotic treatment for acute extracranial carotid
artery dissections: a meta-analysis. Eur J Vasc Endovasc Surg
50(2):148-156

Debette S (2014) Pathophysiology and risk factors of cervical
artery dissection: what have we learnt from large hospital-based
cohorts? Curr Opin Neurol 27(1):20-28

Debette S, Leys D (2009) Cervical-artery dissections: predispos-
ing factors, diagnosis, and outcome. Lancet Neurol 8(7):668-678
Debette S, Grond-Ginsbach C, Bodenant M et al (2011) Differen-
tial features of carotid and vertebral artery dissections the CADISP
study for the Cervical Artery Dissection Ischemic Stroke Patients
(CADISP) Group Supplemental data at www.neurology.org
Debette S, Grond-Ginsbach C, Bodenant M et al (2011) Dif-
ferential features of carotid and vertebral artery dissections: the
CADISP study. Neurology 77(12):1174-1181

Debette S, Metso T, Pezzini A et al (2011) Association of vascular
risk factors with cervical artery dissection and ischemic stroke in
young adults. Circulation 123(14):1537-1544

Debette S, Simonetti BG, Schilling S et al (2014) Familial occur-
rence and heritable connective tissue disorders in cervical artery
dissection. Neurology 83(22):2023-2031

Debette S, Compter A, Labeyrie MA et al (2015) Epidemiol-
ogy, pathophysiology, diagnosis, and management of intracranial
artery dissection. Lancet Neurol 14(6):640-654

Debette S, Mazighi M, Bijlenga P et al (2021) ESO guideline for
the management of extracranial and intracranial artery dissection.
Eur Stroke J 6(3): XXXIX-LXXXVIIT

Di Pino L, Franchina AG, Costa S, Gangi S, Strano F, Ragusa M,
Costanzo L, Tamburino C, Capodanno D (2021) Prevalence and
morphological changes of carotid kinking and coiling in growth:
an echo-color Doppler study of 2856 subjects between aged 0 to
96 years. Int J Cardiovasc Imaging 37(2):479-484

Diana F, Frauenfelder G, Saponiero R, Iaconetta G, Romano DG
(2022) Endovascular flow diversion in cervical internal carotid
artery dissections. World Neurosurg 162:10

Dilba K, van Dam-Nolen DHK, Crombag GAJC et al (2021) Doli-
choarteriopathies of the extracranial internal carotid artery: the
Plaque At RISK study. Eur J Neurol 28(9):3133-3138

Dobrin PB, Canfield TR (1984) Elastase, collagenase, and the
biaxial elastic properties of dog carotid artery. Am J Physiol.
https://doi.org/10.1152/AJPHEART.1984.247.1.H124

Donas KP, Mayer D, Guber I, Baumgartner R, Genoni M, Lachat
M (2008) Endovascular repair of extracranial carotid artery dis-
section: current status and level of evidence. J Vasc Interv Radiol
19(12):1693-1698

Dziewas R, Konrad C, Dréger B, Evers S, Besselmann M, Liide-
mann P, Kuhlenbaumer G, Stogbauer F, Ringelstein EB (2003)
Cervical artery dissection—clinical features, risk factors, therapy
and outcome in 126 patients. J Neurol 250(10):1179-1184

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Engelter ST, Grond-Ginsbach C, Metso TM et al (2013) Cervical
artery dissection trauma and other potential mechanical trigger
events. Neurology 80(21):1950-1957

Engelter ST, Traenka C, Gensicke H et al (2021) Aspirin ver-
sus anticoagulation in cervical artery dissection (TREAT-CAD):
an open-label, randomised, non-inferiority trial. Lancet Neurol
20(5):341-350

Gallerini S, Marsili L, Bartalucci M, Marotti C, Chiti A, Marconi
R (2019) Headache secondary to cervical artery dissections: prac-
tice pointers. Neurol Sci 40(3):613-615

Georgiadis D, Caso V, Baumgartner R (2006) Acute therapy and
prevention of stroke in spontaneous carotid dissection. Clin Exp
Hypertens 28(3—4):365-370

Giossi A, Mardighian D, Caria F et al (2017) Arterial tortuosity in
patients with spontaneous cervical artery dissection. Neuroradiol-
ogy 59(6):571-575

Grond-Ginsbach C, Metso TM, Metso AJ, Pezzini A, Tatli-
sumak T, Hakimi M, Grau AJ, Kloss M, Lichy C (2013) Cervical
artery dissection goes frequently undiagnosed. Med Hypotheses
80(6):787-790

Giinther A, Witte OW, Freesmeyer M, Drescher R (2016) Clinical
presentation, magnetic resonance angiography, ultrasound find-
ings, and stroke patterns in patients with vertebral artery dissec-
tion. Eur Neurol 76(5-6):284-294

Han HC (2012) Twisted blood vessels: symptoms, etiology and
biomechanical mechanisms. J Vasc Res 49(3):185-197

Hassan AE, Zacharatos H, Souslian F, Suri MFK, Qureshi Al
(2012) Long-term clinical and angiographic outcomes in patients
with cervico-cranial dissections treated with stent placement: a
meta-analysis of case series. ] Neurotrauma 29(7):1342-1353
Hernandez-Duran S, Ogilvy CS (2014) Clinical outcomes of
patients with vertebral artery dissection treated endovascularly: a
meta-analysis. Neurosurg Rev 37(4):569-577

Hori S, Hori E, Umemura K, Shibata T, Okamoto S, Kubo M,
Horie Y, Kuroda S (2020) Anatomical variations of vertebrobasi-
lar artery are closely related to the occurrence of vertebral artery
dissection—an MR Angiography study. J Stroke Cerebrovasc Dis.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104636
Kanona H, Tuboku-Metzger V, Wahab K (2011) Lesson of the
month (1). Homonymous left hemianopia secondary to trau-
matic extracranial vertebral artery dissection. Clin Med (Lond)
11(6):623-624

Kashiwazaki D, Ushikoshi S, Asano T, Kuroda S, Houkin K
(2013) Long-term clinical and radiological results of endovascu-
lar internal trapping in vertebral artery dissection. Neuroradiology
55(2):201-206

Kennedy F, Lanfranconi S, Hicks C, Reid J, Gompertz P, Price
C, Kerry S, Norris J, Markus HS (2012) Antiplatelets vs antico-
agulation for dissection: CADISS nonrandomized arm and meta-
analysis. Neurology 79(7):686—689

Kim YK, Schulman S (2009) Cervical artery dissection: pathol-
ogy, epidemiology and management. Thromb Res 123(6):810-821
Kim BJ, Yang E, Kim N-Y, Kim M-J, Kang D-W, Kwon SU, Kim
JS (2016) Vascular tortuosity may be associated with cervical
artery dissection. Stroke 47(10):2548-2552

Kim ST, Brinjikji W, Lehman VT, Carr CM, Luetmer PH,
Rydberg CH (2018) Association between carotid artery tortuos-
ity and carotid dissection: a case-control study. J Neurosurg Sci
62(4):413-417

Kleindorfer DO, Towfighi A, Chaturvedi S et al (2021) 2021
guideline for the prevention of stroke in patients with stroke
and transient ischemic attack: a guideline from the Ameri-
can Heart Association/American Stroke Association. Stroke
52(7):E364-E467

Koge J, Iwata T, Mizuta S, Nakamura Y, Matsumoto S-i, Yamada
T (2018) Successful carotid artery stenting of a dissected, highly

@ Springer


https://doi.org/10.1152/AJPHEART.00871.2010
https://doi.org/10.1152/AJPHEART.00871.2010
http://www.neurology.org
https://doi.org/10.1152/AJPHEART.1984.247.1.H124
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104636

285

Page 10 of 10

Acta Neurochirurgica (2024) 166:285

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

tortuous internal carotid artery after straightening with a periph-
eral microguidewire. J Clin Neurosci 53:265-268

Kurata A, Suzuki S, Iwamoto K et al (2012) Altered hemodynam-
ics associated with pathogenesis of the vertebral artery dissect-
ing aneurysms. Stroke Res Treat. https://doi.org/10.1155/2012/
716919

La Barbera G, La Marca G, Martino A, Lo Verde R, Valentino F,
Lipari D, Peri G, Cappello F, Valentino B (2006) Kinking, coiling,
and tortuosity of extracranial internal carotid artery: is it the effect
of a metaplasia? Surg Radiol Anat 28(6):573-580

Lee VH, Brown RD, Mandrekar JN, Mokri B (2006) Incidence
and outcome of cervical artery dissection: a population-based
study. Neurology 67(10):1809-1812

Lyrer PA, Brandt T, Metso TM et al (2014) Clinical import of
Horner syndrome in internal carotid and vertebral artery dissec-
tion. Neurology 82(18):1653-1659

Markus HS, Hayter E, Levi C et al (2015) Antiplatelet treat-
ment compared with anticoagulation treatment for cervical
artery dissection (CADISS): a randomised trial. Lancet Neurol
14(4):361-367

Medel R, Starke RM, Valle-Giler EP, Martin-Schild S, El KR,
Dumont AS (2014) Diagnosis and treatment of arterial dis-
sections. Curr Neurol Neurosci Rep. https://doi.org/10.1007/
S$11910-013-0419-3

Mokri B, Sundt TM, Wayne OH, Piepgras DG (1986) Spontane-
ous dissection of the cervical internal carotid artery. Ann Neurol
19(2):126-138

Morris SA, Oda S, Asch FM et al (2014) Vertebral artery tor-
tuosity index is a novel biomarker of surgery and aortic dissec-
tion or rupture in children and young adults: findings from the
national registry of genetically triggered thoracic aortic aneurysms
and cardiovascular conditions. Arterioscler Thromb Vasc Biol
34:A490-A490

Nguyen TTJ, Zhang H, Dziegielewski PT, Seemann R (2013)
Vocal cord paralysis secondary to spontaneous internal carotid
dissection: case report and systematic review of the litera-
ture. J Otolaryngol Head Neck Surg. https://doi.org/10.1186/
1916-0216-42-34

Norris JW, Beletsky V, Nadareishvili Z, Brandt T, Grond-Gins-
bach C (2002) “Spontaneous” cervical arterial dissection [3] (mul-
tiple letters). Stroke 33(8):1945-1946

Ohta H, Natarajan SK, Hauck EF, Khalessi AA, Siddiqui AH,
Hopkins LN, Levy EI (2011) Endovascular stent therapy for
extracranial and intracranial carotid artery dissection: single-
center experience. J Neurosurg 115(1):91-100

Pecoraro F, Dinoto E, Pakeliani D, La Rosa G, Corte G, Bajardi
G (2015) Spontaneous symptomatic common carotid artery pseu-
doaneurysm: case report and literature review. Ann Vasc Surg
29(4):837.69-837.e12

Peeling L, Fiorella D (2014) Balloon-assisted guide catheter posi-
tioning to overcome extreme cervical carotid tortuosity: technique
and case experience. J Neurointerv Surg 6(2):129-133
Pellegrino L, Prencipe G, Vairo F (1998) Dolicho-arterio-
pathies (kinking, coiling, tortuoosity) of the carotid arteries:
study by color Doppler ultrasonography. Minerva Cardioangiol
46(3):69-76

Pezzini A, Grond-Ginsbach C, Debette S, Del Zotto E, Giossi A,
Volonghi I, Padovani A (2008) Genetics of cervical artery dissec-
tion. Riv Ital Neurobiol 5(1):22-31

Pfefferkorn T, Saam T, Rominger A et al (2011) Vessel wall
inflammation in spontaneous cervical artery dissection: a pro-
spective, observational positron emission tomography, computed
tomography, and magnetic resonance imaging study. Stroke
42(6):1563-1568

Pham MH, Rahme RJ, Arnaout O, Hurley MC, Bernstein
RA, Batjer HH, Bendok BR (2011) Endovascular stenting of

Springer

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

extracranial carotid and vertebral artery dissections: a systematic
review of the literature. Neurosurgery 68(4):856-866

Robertson JJ, Koyfman A (2016) Cervical artery dissections: a
review. J] Emerg Med 51(5):508-518

Rubinstein SM, Peerdeman SM, Van Tulder MW, Riphagen I,
Haldeman S (2005) A systematic review of the risk factors for
cervical artery dissection. Stroke 36(7):1575-1580

Ryan P, Rehman S, Prince S (2015) Acute tongue swelling, the
only initial manifestation of carotid artery dissection: a case report
with differentiation of clinical picture. Ann Vasc Surg 29(2):365.
el7-365.e18

Saba L, Argiolas GM, Sumer S, Siotto P, Raz E, Sanfilippo R,
Montisci R, Piga M, Wintermark M (2015) Association between
internal carotid artery dissection and arterial tortuosity. Neurora-
diology 57(2):149-153

Sadato A, Maeda S, Hayakawa M, Kato Y, Sano H, Hirose Y, Miy-
amoto S, Hashimoto N (2010) Endovascular treatment of vertebral
artery dissection using stents and coils: its pitfall and technical
considerations. Minim Invasive Neurosurg 53(5-6):243-249
Schievink WI (2001) Spontaneous dissection of the carotid and
vertebral arteries. N Engl J] Med 344(12):898-906

Silbert PL, Mokri B, Schievink WI (1995) Headache and neck
pain in spontaneous internal carotid and vertebral artery dissec-
tions. Neurology 45(8):1517-1522

Singh A, Mortzos P, Sgrensen TL (2014) Visual hallucinations
in a patient with Horner’s syndrome secondary to internal carotid
dissection. Case Rep Ophthalmol 5(3):347-351

Stella N, Palombo G, Filippi F, Fantozzi C, Taurino M (2010)
Endovascular treatment of common carotid artery dissection via
the superficial temporal artery. J Endovasc Ther 17(4):569-573
Volker W, Dittrich R, Grewe S, Nassenstein I, Csiba L, Herczeg L,
Borsay BA, Robenek H, Kuhlenbdumer G, Ringelstein EB (2011)
The outer arterial wall layers are primarily affected in spontaneous
cervical artery dissection. Neurology 76(17):1463-1471

Wei F, Diedrich KT, Fullerton HJ et al (2016) Arterial tortuosity:
an imaging biomarker of childhood stroke pathogenesis? Stroke
47(5):1265-1270

Weimar C, Kraywinkel K, Hagemeister C, Haall A, Katsarava Z,
Brunner F, Haverkamp C, Schmid E, Diener HC (2010) Recur-
rent stroke after cervical artery dissection. J Neurol Neurosurg
Psychiatry 81(8):869-873

Welby JP, Kim ST, Carr CM, Lehman VT, Rydberg CH, Wald JT,
Luetmer PH, Nasr DM, Brinjikji W (2019) Carotid artery tortuos-
ity is associated with connective tissue diseases. Am J Neuroradiol
40(10):1738-1743

Zelenak K, Zeleniakova J, Deriggo J, Kurca E, Kantorové E,
Polacek H (2013) Treatment of cervical internal carotid artery
spontaneous dissection with pseudoaneurysm and unilateral lower
cranial nerves palsy by two silk flow diverters. Cardiovasc Inter-
vent Radiol 36(4):1147-1150

Zhang L, Liu X, Gong B, Li Q, Luo T, Lv FJ, Zheng Y, Zheng
W, Guo H (2021) Increased internal carotid artery tortuosity is a
risk factor for spontaneous cervicocerebral artery dissection. Eur
J Vasc Endovasc Surg 61(4):542-549

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1155/2012/716919
https://doi.org/10.1155/2012/716919
https://doi.org/10.1007/S11910-013-0419-3
https://doi.org/10.1007/S11910-013-0419-3
https://doi.org/10.1186/1916-0216-42-34
https://doi.org/10.1186/1916-0216-42-34

	Association between cervicocerebral artery dissection and tortuosity – a review on quantitative and qualitative assessment
	Abstract
	Introduction
	Epidemiology
	Pathophysiology
	Measurement of tortuosity and its association with dissection
	Arterial Tortuosity Index (ATI)
	Vertebrobasilar artery deviation
	Different anatomical variations of arterial tortuosity
	Arterial tortuosity in children

	Clinical manifestations and management
	Conclusion
	References


