OCoOoO~NOURAWNE

International Angiology

Title:

functional evaluation by Doppler echography

Paper code:
Submission Date:
Article Type:

Files:

1):

Manuscript
Version: 1

File format:

Tables 1
Version: 1

Description:
File format:

Tables 2
Version: 1

Description:
File format:

Tables 3
Version: 1

Description:
File format:

Figures 1
Version: 1

Description:
File format:

Figures 2
Version: 1

Description:

Int Angiol-2584

2010-03-14 18:23:59

application/msword

table

application/msword

table

application/msword

table

application/mswor

A

figure
image/

Original Article

1

2

3

KINKING OF CAROTID ARTERIES IS NOT A MECHANISM OF CEREBRAL ISCHEMIA: A

Page 1 of 25



OCoOoO~NOURAWNE

KINKING OF CAROTID ARTERIES IS NOT A MECHANISM
OF CEREBRAL ISCHEMIA:

A functional evaluation by Doppler echography

Short title: Carotid kinking evaluation by Doppler echography

Ricardo Beigelman', Andrés M Izaguirre', Martin Robles', D . Grana',

Giuseppe Ambrosio?, José Milei’ @Q

Instituto de Investigaciones Cardiolégic of. | ‘: o C. Taquini”,
Facultad de Medicina de la Uni& B

ires — CONICET,
Buenos Aires, Argentina
2cardiologia e Fisiopato diovﬁ§gre, Universita e Azienda
Ospedaliera di Perugia, gi
@ N

een ed within a Framework Agreement between the

University of Perugiayand the Instituto de Investigaciones Cardiologicas Alberto C.

Taquini, Universidad de Buenos Aires.

Prof. Dr. José Milei

Instituto de Investigaciones Cardiolégicas “Prof. Dr. Alberto C. Taquini”
(ININCA) UBA-CONICET

Marcelo T de Alvear 2270.

Buenos Aires, Argentina.

Phone/fax 54 11 45013880.

E-mail ininca@fmed.uba.ar

Page 2 of 25



OCoOoO~NOURAWNE

ABSTRACT

Aim: To evaluate the hemodynamic behavior of carotid kinking, as assessed by
color Doppler ultrasonography at baseline and during neck movements, and their
relation to neurological symptoms.

Methods: In this cross-sectional study, 60 consecutive patients with non-

atheromatous carotid kinking in whom diagnostic color Doppler ultrasonography

investigation of neck vessels had been requested for clinical suspicion of

atherosclerotic disease were evaluated. To evaluate if there v |gn| icant
changes of blood velocities as a consequence of klnklng, ach Car%ery we
to kin

recorded systolic and diastolic velocities both in the @wts %r:a king, as

well as intra-kinking. And the effects of postur. ges ovements on

carotid blood flow were also studied.

Results: Flow in carotid arteries with @@s normal, and no differences

ea Ievel of kinking compared to the

were found between flow velog

normal tract of the vess 0 t tests, flow remained largely

unaffected, a subs}@l red eIOC|t|es in the ophthalmic artery was
found in 13.5%6f the case mcrease was recorded in 27%; and no
symptom vents corded during the study. None of the patients referred
symp , hor wi logical events or signs detected during the maneuvers.

Conclusion: Our results show that carotid kinkings are not a mechanism of acute
cerebral ischemia, and therefore are unlikely to be a cause of neurological events or
symptoms.

Key words: kinking; Doppler; ophthalmic artery; flow velocity; ultrasonography
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INTRODUCTION

Atherosclerosis is the most frequent cause of extracranial carotid artery
disease and stroke’. However, other mechanisms may also cause carotid stenosis
or occlusion, such as: fibrodysplasia, trauma (with subsequent dissection of carotid
arteries), aortic arch pathology as in Takayasu disease, and aortic dissection?.
Among non-atheromatous pathologies of the carotid arteries, interest has long been
placed on specific anatomical abnormalities known as “dolichoart%hies”.

Dolicoarteriopathies of carotid arteries are frequent, ra between 5 to

66% according to the population investigated and to the t‘ v. em%for

their diagnosis®®. Carotid dolichoarteriopathies are c@d ir@ types®.

Particular interest is given to type 3 —Kinking-, 0 or more

(

segments of the artery, with an internal <90 igure 1). Frequency

of cerebrovascular symptoms in @ m@choaneriopathies is

reported as high as 15-23%"% eve, d?he high prevalence of this

condition, and the frequ of apparently associated with it,
previous studies h@ inco @mgarding the actual hemodynamic and
prognostic sigaifi of c @Kings.

t ‘%& osed that carotid kinking would induce turbulent flow,
with c@quent i ceration, platelet deposition, and possible distal thrombus
embolism. Other investigators similarly believe that a causal relationship exists
between cerebral ischemia and carotid dolichoarteriopathies, and advocate their
surgical correction to prevent stroke ', Conversely, other authors consider carotid
kinking as a mere anatomical variety, devoid of clinical consequences?®. According
to this latter hypothesis, the relatively high prevalence of symptoms in patients with

carotid kinking could be explained by a referral bias, i.e., patients with symptoms are
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obviously more likely to undergo examination of neck vessels, and hence to be
found as having kinking; without investigating a cohort of asymptomatic subjects for
comparison, one would think that the high prevalence of carotid kinking in
symptomatic patients indicates a causal relationship. Indeed, we have very recently
reported that performing a systematic investigation for carotid artery abnormalities
reveals that the prevalence of carotid dolichoarteriopathies in the general population
is high, even among children, and it is actually very similar acrossva%m groups of
normal subjects and of patients with cardiovascular risk facto

Admittedly, the hypothesis that carotid kinkings cac usa
ts on

mechanism of cerebral ischemia does have some attracti ness,@

seemingly obvious anatomical considerations sting X bends of the
carotid arteries ought to affect cerebral @ , pa@en neck vessels
are stretched out or further bent t@ ec ents. By this same
reasoning, however, it derive@c otid kinkings were responsible for ischemic
events, it should be possilile to.i uc%%uce cerebral ischemia by

t @&Deing able to put to direct test this

hypothesis, or, fsprove i
Th e, the objective of this study was to evaluate the hemodynamic

beha@f Carot@, as assessed by color Doppler ultrasonography at

baseline and during neck movements, and their relation to neurological symptoms.

functional hemody tes
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METHODS

This was a cross-sectional study designed to investigate the hemodynamic
consequences of non-atheromatous kinkings in the occurrence cerebrovascular
symptoms in adult patients, recruited among individuals referred to our outpatient
clinics for evaluation. The population in study consisted in 60 consecutive patients
with non-atheromatous carotid kinking in whom diagnostic color Doppler
ultrasonography investigation of neck vessels had been requeste@inical
suspicion of atherosclerotic disease.

Patients were studied in dorsal decubitus position,‘:"e ea%ly
ee CX

t
turned away from the side of the carotid under examination. An A@)

'ers unit was

used: a 7.5 MHz one was utilized for im caretidrartefies and 2.75 MHz
transducer was used for ophthalmic e@he last one it was also

necessary in a few cases of hi rotid bif ions; to be able to examine the full

stretch of the internal carg rtery.
The study b@ placi @tﬁnsducer at the base of the neck and
moving it up t jaw; Co %ﬁ images were acquired on the longitudinal axis

and then e ns& xis; then, color Doppler mapping was performed; the

study@ch se ded with pulsed-wave Doppler. Images were stored on
videotape and printed on black and white and color photographic paper. An
experienced investigator unaware of patients’ clinical characteristics performed the
analysis. To evaluate if there were significant changes of blood velocities as a
consequence of kinking, for each carotid artery we recorded systolic and diastolic

velocities both in the segments proximal to kinking, as well as intra-kinking.
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To evaluate the effects of postural changes and neck movements on carotid
blood flow, the study continued with the patient in dorsal decubitus position, while
asking to keep his/her eyes closed during the entire test, which was done on both
sides, as previously reported®®?. For imaging of the ophthalmic arteries the
transducer was placed in the middle of the upper eyelid, with a slight tilting towards
the inside, and the two-dimensional echographic image of the eyeball was obtained.

The ophthalmic artery was first visualized by color Doppler, and then\the

characteristic spectrum on pulsed-wave Doppler signal was r

systolic and end-diastolic velocities were measured in th ‘i ic ?@3
ipsilateral to the kinking. Pulsatility and resistance indexes were @ sured.

Then, the patient was asked to slowly rotateh@head 'and then
externally, while the operator tried to maintai sand the same angle
during this movement. The abov@ w@emd during each
maneuver, and compared to @sa ne currence of symptoms in

e% s the reproduction of the same
symptoms, or the o@enc of ological symptoms in previously
symptomatic @

Stati@A alysi \

Values are expressed as mean + standard deviation. Statistical analyses

Q

asymptomatic patients

were performed using absolute values and processed through GraphPad Prism
version 4.0 for Windows (GraphPad Software, San Diego, CA). Comparisons among
groups were carried out using Chi2 test (univariate and multivariate analysis), paired
t test or one way analysis of variance (Student-Newman-Keuls), as appropriate. A

value of p<0.05 was considered significant.
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RESULTS

Patient Population: We studied 60 consecutive patients with carotid kinking
(41 women, 19 men), with a median age of 71 years (interquartile range 6.5), in
whom ultrasonography investigation of neck vessels had been requested for clinical
suspicion of atherosclerotic disease. Thirty-three patients (55%) had previously
complained of neurological symptoms, while 27 patients (45%) were asymptomatic or
presented non-specific symptoms. The symptomatic patients suffered\ from vertebro-
basilar syndrome (15; 25%), dizziness (5; 8%), transient |scthtac (3; 5%),
stroke (3; 5%), syncope (3; 5%) and miscelllaneous entltl asia, hesia,
congestive heart failure and a candidate for endarterecto 7%@

All patients showed at least one major vascu X&tor, many

patients presented more than one risk fagtoy; a

more risk factors. Patients prese @ ns ;
18%), dyslipidemia (10; 17% ete me%; 3%), and coronary heart
disease (7; 12%). Q

ts (18%) had 3 or

%), cigarette smoking (11;

With respew@& e e left side predominated, being present in
34 cases (57%) vsA 0% ight side and 14 cases of (23%) bilateral kinking
(p<0.001) erenti ve ent of the left carotid artery is consistent with

previous/reports?

Basal Assessment:. As expected, color and pulsed-wave Doppler showed
turbulences at the site of the kinking. However, both maximum systolic velocity and
end-diastolic velocity of internal carotid arteries were substantially unaffected by

kinking (Table 1, Fig. 2). Moreover, no differences were found with respect to carotid
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flow velocities when data from symptomatic patients were analyzed separately

(Table 2).

Functional assessment. Images obtained through the ultrasonographic study
of the ophthalmic arteries allowed us to record and measure basal peak systolic and
end-diastolic velocities, and their changes occurring during internal and external
rotation of the head (functional test). Table 3 reports various indices of flow velocity
in the ophthalmic artery at baseline, and during neck movem n the average,

small, non-significant differences between groups were s> the individual level,

44 patients (59.46%) maintained similar basal and p@' velocities.
(13.51%) a decrease >20% of the basal vaI@obsa@h}b in 20 (27.03%)
an increase in velocity values >20% was/récor (Fi@ one of the patients
referred symptoms, nor were neurologi ent detected during the

eﬁ%an be observed. However, none of
%
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DISCUSSION

The present study shows that blood flow through carotid arteries with major
alterations of their course -such as >90 degree kinking- is largely unimpeded, even
during torsion movement of the neck and head. Importantly, most of patients in our
series showed cardiovascular risk factors, and many of them had a history of
cerebrovascular symptoms. Taken together, these findings indicate that presence of
anatomical alterations of the course of carotid artery is unlikely to%important

pathogenic mechanism of cerebral ischemia.

Over the past 30 years a number of papers have -@» n a%on
between carotid dolichoareriopathies and symptoms@br@ , Or even

frank cerebrovascular events; importantly, the dies aly riably concluded

that this was a mechanism of disease, rgery was the therapy of choice'”
%5 However, in reviewing those e@ St a possible referral bias
t

should be seriously considered; he asl?%rity of those papers were based on

% th%i is not surprising that their condition
was deemed to re urgical cerrection. Furthermore, gauging severity of
stenosis in bepde e ifficult, and prone to errors which may lead to

overestimatiof, ic en’images taken on a single plane are used. Finally, it

has t@mpha@t many patients in those series also had a high-risk profile

in terms of cardiovascular risk factors, which in and of itself could have been

the findings of surgical s

P

responsible for their neurological symptoms.

In a previous study in a large cohort?”, we demonstrated that carotid kinking
and coiling are related to embryological disorders, and not to atherosclerotic
remodeling or vascular degeneration, because of their similar prevalence in children

compared to adults, and because there was no association with cardiovascular risk
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factors. The results of the present study extend those observations, by directly
documenting that carotid dysembryoplasias would not cause neurological events or
symptoms. Of note, we did not find any case of narrowing kinking in our patients. It
is our point of view that criterium used in the literature to define carotid artery
stenosis by kinking are confusing and not validated.

To our knowledge, these findings are entirely novel. However, previous

observations indirectly lend further support to our conclusion that cargtid kinkings

are benign embryological alterations. In 1997, Oliviero et al.*® <@ onstrated, in

hypertensive patients with carotid kinks, that the incidenc eu olog ents
r

was similar to matched controls with hypertension but no Kinks, More ntly, the
same group published the results of subsequ ow-up Xpatients:’”,
confirming that the group of hypeﬁensiv@ wit tidkinking showed a
similar, or even better, outcome than rol ypertensive patients

that intima-media thickness at the

€ m%t hat measured at the carotid

bifurcation. Q @

Of note@ dT @eﬁormed a post-mortem study in which
peﬁusion@ re i@omer to evaluate the hemodynamic behavior of the
neck @ [

site of kinking was not in¢t

els dur n head maneuvers. They concluded that “variation in flow
through these vessels was frequently observed when the head was turned to various
positions”, and emphasizes “the need for attempts to demonstrate these phenomena
in the living”. After almost 50 years, the present study might finally address this

interesting issue.
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CONCLUSIONS

Carotid kinkings do not cause cerebral ischemia, and therefore are not a likely

mechanism of neurological events or symptoms. Surgical correction of these
embryological alterations should require solid documentation of their inducing
cerebral ischemia, or clear evidence of a significant stenosis of the affected

segment.
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Figure 1.

Type 3 of dolichoarteriopathies (kinking), according to the definition of Weibel and
Fields®.

Figure 2.

Right (R) and left (L) internal carotid arteries maximum systolic velocities (MSV) and

end diastolic velocities (EDV) , prior to kinking (PK) and |ntrag (
Figure 3. YV
Percentage change of maximum systolic velocities (MSV) opht@ arteries in

relation to basal velocities, through the fun

50
QV

§
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Table 1. Pre-kinking and kinking systolic and diastolic velocities in all patients

Pre-Kinking Kinking p
(m/sec) (m/sec)
maximal systolic 0.603+0.18 0.647+0.16 NS

velocity (right)
maximal end diastolic 0.196+0.06 0.223+0.06 NS
velocity (right)

maximal systolic 0.628+0.26 0.732+0.35 @

velocity (left) @ %
maximal end-diastolic 0.211+0.11 0.25@ @

velocity (left)
/)\
>

W
%
NS=not significant (paired t test) S\S @

Q5
2
S
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Table 2. Pre-kinking and kinking systolic and diastolic velocities in symptomatic and

asymptomatic patients

Pre-Kinking (m/sec)

Kinking (m/sec)

Symptomatic  Asymptomatic Symptomatic = Asymptomatic
maximal systolic 0.62+0.19  0.54+0.11 0.65+0.17 0.64+0.13
velocity (right)
maximal end-diastolic 0.19+0.06 0.21+0.05 0.22+0 0.22+0.05
velocity (right)
maximal systolic 0.62+0.27  0.65%0.22 .38 0.23
velocity (left) @ @
maximal end-diastolic 0.22+0.13 (@ 0.22+0.07
velocity (left

- &

DY)

@g - §@
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Table 3. Ultrasonographic values obtained during the functional test (internal and external rotation of the head)

m/sec ROA basal ROA rotation ROA rotation p LOA basal LOA rot LOA rotation p
to left to right % to right

IP 1.31110.32 1.336+0.36 1.245+0.31 NS  1.398+0.57 0.51 1.36210.48 NS
IR 0.69710.07 0.711+0.09 0.695+0.09 NS  0.785z0. @:% . 4% 0.857+0.56 NS
A/IB  3.586+1.12 3.880+1.42 3.582+1.20 NS : @ 3.808+1.49 NS
V1 0.37310.14 0.443+0.18 0.382+0.13 .1 +0.18 0.514+0.57 NS
\' 0.11110.05 0.114+0.05 0.116+0.04 125+0 06 0.133+0.07 NS
MV 0.217%0.09 0.225+0.09 0.221+0.07 @ 0.266% 0.245+0.19 0.238+0.10 NS

ROA-=right ophthalmic artery; LOA=left ophthalm tI|ty index; IR= resistant index
V1=Maximal systolic velocity; V2=End dla@locn an velocity
loci

A/B= Maximal systolic velocity/ End di '
NS=not significant (one way anal nc

TS

) Student-Newman-Keuls)
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