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Abstract

Introduction: Recent information on tortuosity in the prevertebral (V1) segment of the vertebral artery is based on case reports rather
than systematic data on its presence, types, diameters, and sex- or left-right differences.

Aim: To estimate the frequencies of V1 tortuosity (kinking and coiling) and their relationship to sex and to the left or right side.

Materials and methods: This computed tomography angiographic (CTA) study included 100 adults without cerebrovascular and other
related disorders (55 men and 45 women; age range 33-75 years). The presence or absence of kinking and coiling of V1 segment, as well
as their sides and sex of subjects were registered and diameters were measured at the end of V1 part.

Results: We found tortuosity in 36% of subjects. Of these 36 cases, 19 were kinks and 17 coils. The kinks, with the exception of one on
the right (in one man) were found either only unilateral on the left side (men 8; women 4) or bilateral (6 women only), while left-sided
coiling was found both in men (9) and women (8). The finding of bilateral kinking only in women is a conspicuous sex difference.

Conclusions: This first detailed CTA study of kinking and coiling of V1 showed absolute left sided predominance of V1 tortuosity.
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INTRODUCTION

entrance to the transverse foramen of the C6 vertebra. Both
vertebral arteries constitute the best possible collateral flow

The vertebral artery (VA), which has extradural and in-
tradural portions, originates from the first segment of the
subclavian artery. Its extradural portion has a prevertebral
(V1), cervical or transverse (V2), and atlantic (V3) seg-
ments.!! The V1 segment extends from its origin to the

for the vertebrobasilar territory, and the occlusion of one
VA is almost invariably asymptomatic unless the other one
is hypoplastic.[?!

Tortuous arteries, which are not rare conditions in hu-
mans and animals, are commonly seen in the cerebral ar-
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teries and usually do not cause neurological symptoms.
While mild tortuosity is asymptomatic, severe tortuosi-
ty can lead to ischemic attacks in distal organs.> Even
though tortuosity and kinking are asymptomatic and with-
out clinical relevance in the normal subject, they should be
identified prior to surgical procedures.!®”) Tortuosity and
kinking of major cerebral vessels are commonly found in
the neck and less frequently within the skull, most com-
monly for the internal carotid artery (ICA) before it enters
the skull, and for the V1 and V2 segments of the VA. After
two findings on carotids, the third commonest site was in
the V1 segment of the VA.!®! High incidence of vascular ab-
normalities and tortuosity has been reported with different
frequencies throughout all VA segments.[*”) Tortuosity and
kinking are more frequently observed in V1 segment than
in V2 or V3 segments.”) The location of V1 tortuosity was
often at or near the point of its origin (“ostium” or V1) from
the subclavian artery, and kinks at the ostium (VO - V1) can
be in cases of posterior or lateral branching of the VA.!%!
Additionally, the V1 segment from its origin to the C6 fora-
men is frequently affected by atherosclerosis and stenosis,
including its point of origin.!?!

The phenotypes of tortuous vessels were named by vari-
ous, sometimes overlapping or interchangeable terms, most
commonly as tortuosity, loop, coiling (looping), (spiral)
twisting, simple or multiple angulation/kinking, curving/
curling, and Hanl®! presented clear schematics of various
forms of tortuous vessels. The definitions can be confus-
ing, and despite significant differences, kinking and coiling
are sometimes grouped together under the umbrella term
of tortuosity.'"'2) Some of the maldevelopment anomalies
of VA are truly pathological, i.e. symptomatic. In another
group of primary anomalies (width and length anomalies,
tortuosity and kinking), the physiological increase in arte-
rial pressure, and age-related atherosclerotic modifications
can play an aggravating role.”! Coiling is the elongation
or redundancy or excessive length of the artery resulting
in an exaggerated S-shaped curve or circular configura-
tion!®!213], and is of embryologic origin, may persist in the
adult, but is not a pathologic condition!!?l. All these forma-
tions, including dolichoectasia, which sometimes also coils,
can be considered in the exclusion of arterial aneurysm.!¢!

Detailed cross-comparison between different studies
is required to work towards age and sex-specific normal
ranges for tortuosity indices in different vascular beds.!'*!
However, the reports about VA tortuosity include all of its
segments, and are either case reports“>®14 or obtained in
patients with cerebrovascular or vestibular signs and symp-
toms!®! and not in the subjects without cerebrovascular and
other related disorders. All these facts were the reasons for
this systematic computerized tomographic angiographic
(CTA) morphological study of V1 segment of the VA.

AIM

The aim of the present study was to investigate systemati-
cally the frequencies of tortuosity (kinking and coiling) of
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the V1 segment in the sample with excluded patients with
cerebrovascular complaints and other relevant conditions.
By this approach, more specific details about V1 tortuosity
could be obtained, including the diameters, and potential
left-right and sex differences.

MATERIALS AND METHODS

Sample

Between February 2016 and September 2017, 1009 patients
with a variety of complaints underwent a neck comput-
ed tomography angiographic study at the Department of
Clinical Radiology in Banja Luka. From this large group
in our previous study of VAI'>), we excluded patients with
atherosclerotic changes of VAs, with previous or current
cerebrovascular accidents, of cervical, vertebrobasilar in-
sufficiency, with developmental abnormalities and injuries
of cervical region and spine, with severe spondyloarthrosis,
and those without registration of VA. Therefore, the cur-
rent investigated sample finally included 100 subjects (200
VAs - 100 right and 100 left) of 55 males and 45 females
between 33 and 75 years (mean age 66.40; SD=10.412 years;
SE of mean 1.041). After the CTA imaging, the data were
collected and stored in accordance with the Helsinki Decla-
ration!'®) with additional verbal informed consent obtained
from the participating subjects.

Imaging generation and visualization

Patients were placed in the supine position with the head
and neck kept at a neutral position. The imaging examina-
tion was performed using a 64-detector row CT scanner
(GE Lightspeed CT, GE Healthcare, Milwaukee, USA) us-
ing the following scanning protocol: 120 kVp, 697 mAs,
beam collimation 64x0.625 mm, gantry rotation time
0.4 s, section thickness of 0.625 mm, pitch 0.969:1, and
reconstruction interval of 0.625 mm. Nonionic iodinated
contrast medium was infused (80 mL) followed by saline
(40 mL) injected via injector into the patient’s antecubital
vein at a rate of 4 mL/s. Post-processing of source images
was performed by using a multi-planar reformation, thin
maximum intensity projection, multi-planar reconstruc-
tion, and volume rendering algorithms.

The diameters of the left and right V1 segments of VA
were measured at the level of the inferior margin of its en-
trance into transverse foramen (mainly C6) in all subjects
(Fig. 1) with notification of the sex and side of registered
variation. The level below the entrance into transverse fo-
ramina was used because of a hypothetical change in the
diameter (narrowing) of VA related to kinking or coiling.

Statistical analysis

The statistical analysis included the presence (unilateral
and/or bilateral) of kinking and coiling of VA1, as well as
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Figure 1. Measuring points of V1 diameter (dVA) at the lower
margins of the C6 transverse foramen.

comparisons of the arterial diameters, all in relation to sex
and side. In the analysis of differences in diameters and
type of V1 kinking and coiling, we used the t-test for in-
dependent variables with the level of significance p<0.05.

RESULTS

Unilateral or bilateral kinking and coiling of VA1 were
registered in 36 of 100 subjects (18 men and 18 women,
including bilateral tortuosity in 6 women). Of these 36 sub-
jects, tortuosity was unilateral (right or left) in 30 subjects
(Table 1).

On the right side, V1 kinking was present in one male
only, and right-sided coiling was not registered in either
males or females. Contrary to this, on the left side, V1 kink-
ing was found in 18 subjects (12 unilateral and 6 bilateral)
and coiling in 17 subjects (Table 1). Obviously, with the
exception of only one (male) kinking on the right side, all
other unilateral kinking and coiling were on the left side
(Table 1). Therefore, in Tables 2 and 3, we present the re-
sults for the left V1 only.

Bilateral V1 kinking was present only in 6 women and
not in men (Fig. 3).

In one case, a double kinking of the left V1 was found,
which was included in the statistics in the cases on the left
(Fig. 4).

Table 2. Presence of kinking and coiling in the left V1 (including
bilateral cases)

Tortuosity Frequency (%)
Present 12%
Kinking Absent 88%
Total 100%
Present 17%
Coiling Absent 83 %
Total 100%

Figure 2. Kinking of left V1 (male, 66 years: CTA; volume ren-
dering).

Table 1. Distribution of V1 kinking and coiling in relation to sex and side

Men (55) Women (45)
Tortuosity type
Unilateral Bilateral Unilateral Bilateral Total N=100

Side Right Left Right Left

Kinking 1 8 0 0 4 6 19

Coiling 0 9 0 0 8 0 17

Present 1 17 0 0 12 6 36

Absent 99 83 0 100 88 94 64
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Figure 3. Bilateral V1 kinking VA (female, 72 years; CTA; vol-
ume rendering).

Figure 4. Double kinking (1 and 2) of left V1 (female, 66 years;
CTA - volume rendering).

The t-test for independent variables did not show sta-
tistically significant (p>0.05) intrasex differences in either
men or women between the average diameters of left V1
with kinking and with coiling (Table 3).

Comparisons of average diameters by the -test for in-
dependent variables did not show statistically significant
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differences (p>0.05) between the diameters of left V1 with
kinking and with coiling (Table 4).

DISCUSSION

Unlike carotid arteries, whose tortuosities are not un-
common (mainly reported as tortuosity, coiling and kink-
ing)!'117], coiling or kinking of VAs are rarely reported
because they remain asymptomatic and have no clinical rel-
evancel'®l. The frequency of V1 kinking and coiling (36%)
that was found by CTA is within a wide range of results pub-
lished by others, but obtained by various methods and on
very different samples. So, the tortuous morphology of the
carotid or VA system is seen in 10%-43% of angiograms!!®!
and is considered a common condition (10%-45%).1'1 In
subjects having cerebrovascular disease, the VA tortuosity
was observed in 13% of the angiographies!®, kinked extra-
cranial carotid and VAs in 10% to 16% of the cerebral an-
giograms!'?), and combined tortuosity and kinking of VAs
and carotid arteries in 7% of the cases!®). One CTA study
showed higher frequency of VA kinking in 39.5% of the pa-
tients!!), which is close to our results. Kinking was identi-
fied in 7% of patients having the history of vertebrobasilar
disease, with the vast majority in the V1 portion near its
origin.”! Using magnetic resonance angiography, we found
VA loop in the V1 segment in 78.3% of patients and in
21.6% of the patients in the V2 segment.[?! However, the
experience with VA kinking (1059 operations) showed its
widespread existence in the population.['%! The mild tortu-
osity in the right V1 was present in 25.5% and single loop
in 7.6% of cases, while in the left V1 mild tortuosity was
present in 27.4% and single loop in 13.9 %.2!] In ischemic
cerebrovascular patients, V1 kinking on the right side was
found by CTA in 0.2% (our sample 1%), and on left in 2.1%

Table 4. Mean diameters of left V1 between kinking and coiling
(including left artery in bilateral cases)

Left V1  Type N Mean SD SE mean
(mm)
(mm) Kinking 18 3.467 0.5412 0.1276
Coiling 17 3.635 0.7407  0.1797

Table 3. Mean diameters (in mm) of tortuosity of only left V1 (N=35) (including left artery of bilateral cases) in males and females

T test
Sex Type N Mean SD Levene’s test Mean difference d fe_sl 7) Sig
1 0.547
Kinking 8 3.738 0.5829 . —-0.1292 -0.344 0.471
Men Slg.=0.471
Coiling 9 3.867 0.9069
L 0.156
Kinking 10 3.250 0.4143 . -0.1250 -0.639 0.532
Women Sig.=0.698
Coiling 8 3.375 0.4097
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(our sample 12% without bilateral), while unilateral coiled
right V1 was found in 9.3% (our sample 0%) and unilateral
left V1 coiled in 12.6% (in our sample unilateral only in
17%) of cases.®) The CTA as a useful modality in the de-
tection of changes in the extracranial VAsl® and the best
imaging modality for demonstrating the course of the VA
should be recommended before surgery!??. Generally, by
CTA, the ostium and various pathologies of V1 segment are
better demonstrated than by digital subtraction angiogra-
phy.[>131 Of the 36 subjects, unilateral (right or left only) V1
tortuosity was found in 30, and bilateral in 6 subjects (only
women), with nearly equal numbers of kinks (19%) and
coils (17%) (Table 1). In fact, we found only one right kink
(in a man) while all other cases of tortuosity were detected
on the left or only in women bilaterally. Our CTA findings
of the absolute left-sided predominance of V1 kinking and
of exclusive presence of unilateral coiling on the left side
cannot be simply explained. Slightly different from this
was the finding that the incidence of the left side VA loop
was twice as high as on the right side.?"! The assumed eti-
ology and pathogenesis of VA tortuosity (includes a very
long list of at least 14 items).247810.1LI419] jg not unilat-
eral. The unilateral absence of the brachiocephalic trunk
on the left can be implicated as an underlying anatomical
difference. The question is whether the anatomy is enough
for an explanation of how the mechanical factors suggest-
ed by Hanl®¥! could cause much more tortuosity on the left
side. Our findings of only left V1 coiling, and of almost all
kinking of the left (and bilateral) V1 can be related to the
finding that all variations in VA origin were observed only
in left VA.['*] Related to this, our results of no significant
differences in mean diameters in subjects with and without
V1 tortuosity do not support pure mechanical influences.
Specific embryogenesis of VAs is characterized by a great
variety of malformations, dimorphic variants and anoma-
lies that can be important for surgeons and interventional
radiologists.”) Most VA loops are congenital and encoun-
tered in childhood (also the coils), although some of them
could be acquired due to elongation of V1 segment.!!!) It
was suggested that the tortuosity in V1 segment is common
and frequently observed in elderly patients.?!] Consider-
ing all of the above, we believe that the VA complex devel-
opment could be among the main causes of the prevalent
left-sided frequency of kinking and coiling.

For the ICA, it was suggested an embryological origin
of coiling and acquired for kinking. Kinking, which occurs
more frequently late in life, is always associated with a pre-
existent tortuous, coiled, and dilated segment of artery.[?]
Also, various extrinsic mechanical factors can be implicat-
ed, and the kinked V1 segment can be due to extravascular
compression, fixation, strangulation, bony spurs, and rela-
tive elongation of VA as a result of shortening of the neck
(in the senile population).[1214

Our finding of bilateral V1 kinking exclusively in fe-
males but not in males is an important sex difference. This
can be related to the report that symptomatic kinked extra-
cranial cerebral vessels are found predominantly in wom-

en, often in the absence of significant atherosclerotic carot-
id lesions.!'2!

One of the most serious difficulties in comparing pub-
lished results is the confusion in the usage of the terms
tortuosity, coiling, and kinking!'3, which requires stan-
dardization in terms of definition, measurement, and nor-
malcy criterial'*. We used the terms kinking and coiling
according to the originally created definitions for ICA[?*!
and later also applied to extracranial VAs!®), and not the
more general term tortuosity. However, unlike the original
classification?3), some authors under the term tortuous as-
sumed all irregularities in the direction of vessels (curving,
angulation/kinking, looping, and spiral twisting) or taking
the form of simple or multiple kinking, coiling, or loop-
ing!>1418] The tortuosity, a rare morphological entity in the
form of simple or multiple kinking, coiling, or looping, re-
mains asymptomatic, has no clinical relevance, and usually
has no connection with neurological symptoms.>!8] How-
ever, “kinking”, as angulation of arteries involves more or
less serious interruption of blood flow; is an unusual form
of arterial stenosis and occlusion without intrinsic narrow-
ing of the lumen!(®!1:12) and severe tortuosity may lead to ar-
terial kinking (acute angulation) which causes artery occlu-
sion associated with severe symptoms!!®). Knowledge of the
pathological findings in the extracranial VAs (the V0-V3
segments) as the cause of stroke remains relatively sparse!®!
and contrary to ICA, kinking of VA and white matter le-
sions are not related?!l. Reported symptomatic cases of
VA tortuosity were combined with the presence of carotid
anomalies, and were not limited to V1 segment.[+>1220] Fj-
nally, let us emphasize that in our sample, the patients with
cerebrovascular disease were excluded and therefore our
results are more reliable for the general population.

CONCLUSIONS

In this extensive CTA study of the first (V1) segment of VA
in subjects without cerebrovascular disorders, unilateral
kinking was found on the left side only, with the exception
of one male, coiling was found exclusively on the left V1,
while bilateral kinking was found only in females. The ab-
solute general predominance of left-sided kinking and coil-
ing, as well as the bilateral presence of kinking in females
only, remains unclear because the generally known and
accepted etiologies of tortuosity are not unilateral. Hence,
we strongly believe that any morphological classification of
tortuosity must be supplemented by related etiology data.
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Pe3tome

BBepieHune: B murepaType 06 M3BMINCTOCTU HPeAII03BOHOYHOrO (V1) cermeHTa no3poHouHoii apTepun (ITA) B OCHOBHOM IpUBO-
HATCA KIMHMYECKMe CTyday 6e3 CHCTeMaTM3MPOBaHHBIX JAHHBIX 00 MX Ha/lIW4YMM, BUJAX, [YIAMETPaX, MOJIOBBIX VMU JIeBO-IPaBBIX
pasmMuMAX.

Lienb: Onennts gactory usBnurocty V1 (mepernOsl v 3aKpyIMBaHIIs) U M3YIUTh Pe3y/IbTaThl B OTHOLIEHNY IIOTIA U JIEBOIL U IIPABOIl
CTOPOHBI.

Matepuanbl n metofpbl: Ito KoMibloTepHO-ToMOrpadudeckoe anrnorpaduyeckoe (KTA) nccnenoBanne BKmodano 100 B3pocibx
(55 My>xuuH 1 45 KeHIIVH B Bo3pacTe oT 33 fo 75 net). VI3 uccnenoBanusi ObIIM MCK/IIOUEHBI INLA C [iepeOpOBaCKY/ISIPHBIMU U [PY-
TYIMY COIY TCTBYIOLIMMY PAacCTPOIICTBAMM. PerncTprupoBany Hanu4ye Wiy OTCYTCTBYE Tlepernba u USBUTOCTY CerMeHTa V1, a Takxke
UX CTOPOHBI ¥ TIOJI UCTIBITYEMBbIX M M3MEPSIN AMaMeTPhl B KOHIle yacT V1.

Pesynbratbl: B o6mieit Bbibopke (100 crygaeB) oOHapy>keHO 36 usBurocTeil (19 nepern6os u 17 3aButkoB). IIpaBocTOpOHHMIL Off-
HOCTOPOHHUIT U3TYO IPUCYTCTBOBA TONBKO Y OFHOTO MY>XUMHBI, @ BCe OCTa/IbHBIE M3TMOBI OLIIN MO0 OFHOCTOPOHHVMI TOBKO C
JIeBOJI CTOPOHBI (8 MY>XUVH, 4 KEHIIUH), MO0 IBYCTOPOHHMUMI (TONBKO Y 6 xeHIuH). [Tpu abcomoTHOM npeobIafanny IeBOi 13-
BIWIMCTOCTY V1 OZHOCTOPOHHMII Hepern6 BcTpedancsa B 12%, a MSBUTOCTD - B 17% ciydaeB. OOHapy>KeHIe BYCTOPOHHETO Iepernba
TOJIPKO y >KEHIIVH SBJIIETCA 3aMETHBIM IIOJIOBBIM pas/mrdyeM. He ObIIO CylIeCTBEHHON pasHMIBI B iaMeTpax JeBoro V1 Mexpuy

CayJaaMmn HeperI/I6a U 3aKpy4MBaHUA (BKHIO‘IaH ABYCTOPpOHHNE cnyqal/[).

3ak/noueHne: 9to mepBoe [ieTaTbHOE UCCTIeNOBaHNe CKPYYMBAHNUA U 3aKpyunBanuA V1 ¢ momompio KTA y HacenmeHus samafHbIX
paitonoB BocHuu 1 TeprieroBuHs! moka3ano abCOMIOTHOE TeBOCTOPOHHee mpeobnafanue ussurocty V1. Hamn pesynbrarsl ybemm-
TETbHO CBI/IHeTe}IbCTByIOT O TOM, 4YTO B 6Y/IYHU/IX MUCCNIEA0BAHMAX N3BUINCTOCTU TIA HeO6XOHI/IMO AHa/IM3MPOBAThb OTAE/IbHO NAHHBIE,
Kacalolyecs Moa 1 CTOPOHBI.
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