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SOUHRN

Cíl: V této studii jsme zkoumali vztah mezi charakteristikami aterosklerotického plátu a symptomatickým 
postižením karotických tepen. 
Materiál a metody: Do studie bylo zařazeno 22 pacientů (13 mužů a 9 žen průměrného věku 60,2 ± 9,6 roku) 
po endarterektomii karotických tepen. Závažnost stenózy karotické tepny se pohybovala v rozmezí 75 % 
až 99 %. Osm pacientů bylo asymptomatických a zbývajících 14 symptomatických. Deset pacientů prodělalo 
cévní mozkovou příhodu. V anamnéze měl jeden pacient recidivující tranzitorní ischemické příhody, čtyři 
pacienti uváděli presynkopální stav a u jednoho byla stanovena diagnóza amaurosis fugax. Odstraněné 
pláty byly vyšetřeny skenující akustickou mikroskopií (scanning acoustic microscopy, SAM) a mikrovýpočetní 
tomografi í (micro-computerized tomography, micro-CT). 
Výsledky: U pacientů po cévní mozkové příhodě byly nalezeny nižší hodnoty akustické impedance ukazující 
na tvorbu plátů s vysokým obsahem kolagenu, zatímco u asymptomatických pacientů byly vyšší hodnoty 
akustické impedance spojeny s tvorbou plátů bohatých na vápník.
Závěry: Spíše než spoléhání se na závažnost stenózy u pacientů s postižením karotických tepen může při 
vyhledávání pacientů vyžadujících intervenci napomáhat určení charakteristik plátů moderními radiografi c-
kými metodami. 

© 2021, ČKS.

ABSTRACT

Objective: In this paper, we examined the relationship between atherosclerotic plaque characteristics and 
symptomatic carotid artery disease. 
Material and methods: Twenty-two patients who underwent carotid endarterectomy were enrolled into the 
study. Thirteen patients were male and remaining 9 patients were female. The mean age was 60.2±9.6 years.
The carotid artery stenosis ranged between 75% and 99%. Eight patients were asymptomatic and remaining 
14 patients were symptomatic. Ten patients suffered stroke. One of them had recurrent transient ischemic 
attacks, 4 patients had dizziness, and one of them had amaurosis fugax. The extracted plaques were evalua-
ted by scanning acoustic microscopy (SAM) and micro-computerized tomography (micro-CT). 
Results: Smaller acoustic impedance values that reveal collagen-rich plaque formation were detected in 
patients who had stroke, while higher acoustic impedance values that reveal calcium-rich plaque formation 
were detected in the asymptomatic patients’ plaques.
Conclusions: Determination of plaque characteristics with modern radiographic techniques, rather than re-
lying on the degree of stenosis in patients with carotid artery disease, may be helpful to discriminate pati-
ents requiring intervention. 
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Introduction

Carotid artery stenosis is one of the most important 
causes of stroke. With an  increasing number of older age 
population, pathology is more frequently investigated.1 It 
is revealed that 5–10% of population older than 65 years 
have over a 50% degree of stenosis in the proximal caro-
tid artery.2 However, every year, 0,3–2% of patients with 
asymptomatic carotid artery stenosis suffer an ischemic 
stroke event.2

In this era, the management of asymptomatic patients 
remains controversial. In European Society for Vascular 
Surgery (ESVS) guidelines, the certain indication of ca-
rotid endarterectomy is specifi ed in patients who have 
a 70–99% carotid stenosis with carotid territory symp-
toms within the preceding 6 months and if procedural 
death/stroke rate is under 6%.3 However, we know that 
asymptomatic patients may also experience ischemic 
stroke event.2 At this point, the mechanism and risk fac-
tors of ischemic stroke event gain great importance,in 
the course of assessing the patients with carotid artery 
stenosis. In recent years, independent of the stenosis de-
gree, vulnerability of atherosclerotic plaques has been 
considered as a potential risk factor. It is believed that the 
lipid rich necrotic core and thin fi brous cap makes plaque 
more vulnerable.4,5

The carotid artery stenosis causes symptoms due to 
embolism depending on an unstable plaque or hypo-
perfusion because of severe stenosis with poor collater-
als. However, only 15% of the patients with asymptom-
atic disease have some signs before an ischemic cerebral 
event.2

The plaque nature in carotid artery disease is exam-
ined by investigators looking for if the plaque calcifi -
cation has a role in determining the risk of ischemic 
stroke. In a histopathological study, calcifi cations di-
vided as macrocalcifi cations and microcalcifi cations. 
Macrocalcifi cations were tended to be as a plaque sta-
bilizer, while microcalcifi cations were instabilizing the 
plaque.1 In addition, in asymptomatic cases, the plaque 
calcifi cation, observed by computed tomography an-
giography, was found to be pronounced.1 Doppler ul-
trasonography, computed tomography angiography, 
and magnetic resonance angiography are the most 
common imaging tools for determining carotid artery 
stenosis.6 However, these methods are incapable in de-
tecting the atherosclerotic plaque structure. Doppler 
ultrasonography is operator dependent and insuffi -
cient in determining the plaque components.5 Comput-
ed tomography angiography may be useful in evaluat-
ing the volume of calcifi cation, but it is not successful 
in detecting the microcalcifi cation. Magnetic resonance 
imaging is better at revealing the intraplaque haemor-
rhage and plaque rupture.7 Hence, other imaging tech-
niques which may reveal the plaque nature are being 
investigated.  

We previously reported that scanning acoustic micros-
copy may be a useful clinical tool for the diagnosis of 
vulnerable plaques.8 In this report, we have enlarged our 
patients number and we have evaluated the atheroscle-
rotic plaque-calcifi cation volumes of the patients in the 
context of symptomatic or asymptomatic disease. 

Patients and methods

This study was approved by Ethics Committee of Istan-
bul University Medical Faculty (No: 2018/952). All research 
was performed in accordance with relevant guidelines/
regulations.

The study enrolled 22 patients with carotid artery stenosis 
who underwent carotid endarterectomy in Istanbul Univer-
sity Istanbul Medical Faculty, Department of Cardiovascular 
Surgery. Thirteen patients were male and the remaining 9 
patients were female. The mean age was calculated to be 
60.2±9.6 years. The carotid artery stenosis degree was be-
tween 75% and 99%. Seventeen people had hypertension 
history. Sixteen of them were smokers and 2 of them were 
ex-smokers. Diabetes mellitus was present in 15 of the pa-
tients. Eighteen patients had hypercholesterolemia with 
LDL cholesterol value above 160 mg/dl. Nine patients had 
undergone coronary artery stent procedure. Two patients 
had mitral valve replacement and one patient had aortic 
valve replacement. They have used warfarin since they had 
the operations. The administration of warfarin stopped 7 
days before the surgery and administration of low molecule 
weight heparin started. When INR was under 1.5, the opera-
tions were performed in these patients. Five patients had 
coronary artery bypass grafting procedure history. Eight pa-
tients had bilateral carotid artery stenosis. In the patients 
who had bilateral carotid artery disease, the symptomatic in 
other words more stenotic side underwent surgery fi rst and 
then the contralateral side underwent surgery after 1 week.

Eight patients were asymptomatic and the remaining 
14 patients were symptomatic. Ten patients had suffered 
stroke; 6 of them had left hemiplegia and 4 of them had 
right hemiplegia. One of them had recurrent transient 
ischemic events, 4 patients had dizziness and one of them 
had amaurosis fugax concomitantly. 

All patients used acetylsalicylic acid and the opera-
tions were performed under acetylsalicylic acid. Fifteen 
of them used clopidogrel. Administration of clopidogrel 
stopped 72 hours before the surgery except for one pa-
tient with recurrent ischemic events. This patient under-
went carotid endarterectomy procedure immediately. 
The demographic features of the patients are summer-
ized in Table 1.

Surgical technique
The operations were performed under deep and/or su-
perfi cial regional anesthesia and infi ltration anesthesia. 
The bupivacaine, lidocaine, and saline combination was 
used for the superfi cial cervical block. The 10 cc bupiva-
caine of 0.05%, 6 cc lidocaine of 2%, and 4 cc saline com-
bination was injected at the lateral border of the ster-
nocleidomastoid muscle subcutaneously. The transverse 
processes of cervical vertebrae C2, C3, and C4 were palpa-
ted to determine the level of deep cervical plexus block. 
Following negative aspiration result for blood, lidocaine 
hydrochloride and bupivacaine hydrochloride combinati-
on was performed for the deep cervical plexus block. The 
allowed total amount of bupivacaine hydrochloride was 
2–3 mg/kg. The 50% mixture of prilocaine hydrochloride 
and bupivacaine hydrochloride was injected subcutane-
ously along the incision line for infi ltration anesthesia. If 
the patients complained of pain or discomfort, additio-
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with a standard incision paralel to the sternocleidomas-
toid muscle and common carotid artery (CCA), internal ca-
rotid artery (ICA) and external carotid artery (ECA) were 
prepared and dissected. Following systemic heparin injec-
tion, the arteries were clamped. The patient’s conscious-
ness and response to verbal stimuli and ability to move 
contralateral side hand and foot were evaluated for the 
neurological examination at least 2–3 minutes prior to 
arteriotomy. In the patients who did not tolerate cross-
-clamping, endarterectomy was performed with insertion 
of a shunt. A longitudinal incision was performed from 
the common carotid artery to the internal carotid artery 
until the level of the plaque-free segment was observed. 
Thromboendarterectomy was performed with an eleva-
tor. The atherosclerotic plaque was removed and put into 
2% formaldehyde for experimental investigation. The 
patchplasty was performed for the reconstruction of the 
arteries in all patients. After hemostasis, a drain was in-
serted to the surgical site and the tissues were sutured 
anatomically. In the patients who had bilateral carotid 
artery disease, the symptomatic in other words more ste-
notic side underwent surgery fi rst and then the contrala-
teral side underwent surgery.

Micro-computerized tomography (micro-CT)

Skyscan 1174v2 device (Bruker, Kontich, Belgium) with 
the following settings of 50 kV, 800 μA, 1024×1304 re-
solution, fi lter of 0.5 mm aluminum, rotation step of 0.9° 
and 40 W power was used for scanning the plaques fi xed 
within 2% formaldehyde. After adjusting a micro-focal 
spot and high-resolution detectors for X-rays, for each 
plaque, full-scan mode 360° was performed in about 50 
min scan period and then the images were created via 
Ctvox and ctan programs. 480 raw images in TIFF format 
were reconstructed using NRecon Software (Bruker, Kon-
tich, Belgium) which generated 755 horizontal sections in 
BMP format.

Scanning acoustic microscopy (SAM)

Methods in SAM experiments were applied in accordan-
ce with Bogazici University Institutional Review Board for 
Research with Human Subjects. The plaques were charac-

Table 1 – Demographic features of 22 patients

Patient No Symptoms

1 Stroke – TIA

2 Stroke

3 Stroke

4 Stroke

5 Stroke

6 Stroke

7 Stroke

8 Stroke

9 Stroke

10 Stroke

11 Dizziness

12 Dizziness, amaurosis fugax

13 Dizziness

14 Dizziness

15 Asymptomatic

16 Asymptomatic

17 Asymptomatic

18 Asymptomatic

19 Asymptomatic

20 Asymptomatic

21 Asymptomatic

22 Asymptomatic

nal doses were performed. A total dose of prilocaine of 
5 mg/kg was allowed. During the procedure, remifentanil 
(0.025–0.05 mg/kg/min) was used to provide patient com-
fort. The patient’s consciousness is quite necessary for the 
neurological function control in this procedure. Hence, 
sometimes, midazolam was added after de-clamping. 
Blood pressure control was achieved with continuous 
perfusion of nitroglycerin. Diltiazem or metoprolol was 
used as additional drugs in the management of blood 
pressure. Systemic heparin (100 IU/kg) was administered 
before clamping and was not antagonized after the pro-
cedure. In the patients who did not tolerate cross-clam-
ping, the shunt was used. The surgical procedure began 

Fig. 1 –  SAM schematic in AI mode.
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ischemic event had a severe ulcerative plaque. Remaining 
5 patients with cerebral ischemic event had soft plaque 
formation. The stenosis degree was not signifi cantly dif-
ferent in soft or though plaques. However, dizziness was 
more common in patients with stenosis degree above 
90%. 

Postoperatively, all patients had been taken to the in-
tensive care unit. The mean drainage was 24.50±17.64 cc. 
Hematoma occured in 2 patients. One of them was the 
patient who underwent operation immediately under 
clopidogrel therapy. The hematomas resolved spontane-
ously and reoperation was not required in any patient. 
Erythrocyte suspension replacement was not required in 
any patient. After one day in intensive care unit, the pa-
tients were taken to the ward. The mean hospital stay 
after the operation was 36.40±13.46 hours. Minor neuro-
logic defi cit confi ned to the nerves of platysma and hypo-
glossal nerve occured in 10 patients and resolved sponta-
neously during follow up. The patients were discharged 
from the hospital under clopidogrel and acetylsalicylic 
acid dual therapy, except the patients with mechanical 
valve replacement history. They are followed under war-
farin and acetylsalicylic acid. In the six-month follow-up 
period, the mortality, major or minor bleeding did not 
occur in any patients. The control computed tomography 
angiography revealed successfull procedure without re-
stenosis in all patients. 

Micro-CT results
Each plaque, fi xed with gauze inside a tube full of 2% 
formaldehyde, was fi rst monitored with micro-CT, to vi-
sualize calcifi cations spread through, as can be seen in 
Figure 2. The calcifi c regions had been specifi ed before 
the plaques were prepared for SAM studies.

terized by scanning acoustic microscope (AMS-50SI) which 
was developed by Honda Electronics (Toyohashi, Japan). 
The schematic of SAM setup in acoustic impedance (AI) 
mode is shown in Figure 1. It is composed of a transdu-
cer with quartz lens, a pulser/receiver, an oscilloscope, 
a computer and a display monitor. 80 MHz transducer 
has a spot size of 17 μm and a focal length of 1.5 mm. It 
generates single pulses of width of 5 ns with a repetiti-
on rate of 10 kHz and also collects the refl ected acoustic 
waves, therefore, acts as a pulser/receiver. Distilled water 
is the coupling medium between the quartz lens and the 
substrate. X-Y stage scans the transducer. The signals re-
fl ected from both the reference and target material are 
analysed by the oscilloscope. Finally, with a lateral re-
solution of approximately 20 μm, acoustic intensity and 
impedance maps of the region of interest with 300×300 
sampling points are visualized.

In Figure 1, the target is the plaque sample and the 
reference is distilled water. The target signal can be writ-
ten as

• where is the generated signal by the 80 MHz trans-
ducer,  is the acoustic impedance of the plaque 
andis the acoustic impedance of the polystyrene 
substrate,which is 2.37 MRayl. The plaque’s acous-
tic impedance is calculated by comparing the re-
fl ected signal from the plaque with the one from 
the reference. The signal refl ected from the refer-
ence can be written as 

• where is distilled water’s acoustic imped-
ance, which is 1.50 MRayl. Consequently, the 
plaque’s acoustic impedance is

Statistical analysis
Statistical analysis was performed using SPSS (SPSS for 
Windows, SPSS Inc, Chicago, IL, US) 15.0 computer soft-
ware. Data were expressed as mean ± standard deviati-
on for continuous variables and counts and frequencies 
for categorical variables. Conformity of normal distribu-
tion and homogeneity were tested with the Kolmogo-
rov–Smirnov test for the analysis of continuous variables. 
Normally distributed data were compared with Student t 
Test. Mann–Whitney U was was used for the analysis of 
data which do not show normal distribution. Categorical 
values were evaluated with Chi-square test. Parametric 
values were evaluated with Independent Samples T-Test. 
A p-value of less than 0.05 was considered statistically sig-
nifi cant.

Results

All patients underwent conventional carotid endarterec-
tomy procedure under regional and infi ltration anesthe-
sia. During the procedure neurological deterioration did 
not occur in any patients hence the shunt was not nee-
ded. The mean operation time was 64.22±29.04 minutes. 

Perioperatively, in 10 patients, the atherosclerotic le-
sions were quite rigid under macroscopic inspection, 
which supports calcium-rich plaque formation. These 
patients were asymptomatic or had dizziness and were 
stroke-free. Plaque rupture was detected in 6 patients 
with stroke history. One patient with recurrent transient 

Fig. 2 – Micro-CT image of a plaque sample in which the calcifi ca-
tions were monitored clearly in 3 dimensions. Darker regions be-
long to calcifi cations. 

SAM results
The plaques had cylinder-like structures of a height of 
around 2 cm and radius of approximately 1 cm. We pre-
pared smaller cylindrical cross sections of a height of 2 
mm and radius of 1 cm with plain facets by slicing them 
with a lancet, for SAM studies.We obtained the images 
of plaques by using AI mode of SAM. Figure 3 shows the 
acoustic impedance map of one sample which was con-
structed using the acoustic refl ections from both surfaces 
of distilled water and the plaque cross-section on the po-
lystyrene substrate (Fig. 1). The acoustic impedance dis-
tribution indicated different components with different 
elasticity within the atherosclerotic plaques.The carotid 
artery plaques were examined in the context of morpho-
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logical features. The high acoustic impedance value is as-
sociated with calcium-rich plaque morphology. The rela-
tionship between plaque morphology and symptomatic/
asymptomatic disease and the risk of stroke was evalua-

Table 2 – Mean acoustic impedance values of collagen-rich 
and calcifi c regions of plaques of all patients

Patient No Mean acoustic 
impedance value (MRayl)

Symptoms

1 1.542–1.723 Stroke – TIA

2 1.540–1.719 Stroke

3 1.510–1.732 Stroke

4 1.503–1.654 Stroke

5 1.507–1.724 Stroke

6 1.506–1.694 Stroke

7 1.513–1.751 Stroke

8 1.501–1.765 Stroke

9 1.538–1.729 Stroke

10 1.521–1.686 Stroke

11 1.561–1.744 Dizziness

12 1.510–1.751 Dizziness, amaurosis 
fugax

13 1.521–1.714 Dizziness

14 1.560–1.627 Dizziness

15 1.514–1.700 Asymptomatic

16 1.547–1.832 Asymptomatic

17 1.544–1.772 Asymptomatic

18 1.511–1.724 Asymptomatic

19 1.577–1.760 Asymptomatic

20 1.559–1.761 Asymptomatic

21 1.501–1.743 Asymptomatic

22 1.614–1.814 Asymptomatic

ted. The acoustic impedance values of al lpatients were 
summarized in Table 2.  

As it is seen in the Table 2, the smaller acoustic im-
pedance values are associated with collagen-rich regions, 
while the higher values are associated with calcifi c regions 
within the plaques. These results show that symptomatic 
disease is not correlated with formation of high density 
of calcifi cation.Table 2 presents acoustic impedance mi-
croscopy results in collagen-rich and calcifi c regions.

Discussion

Carotid artery stenosis is accused of being one of the 
major causes of the stroke in the world.1 Under current 
guidelines, carotid endarterectomy is performed in se-
rious cases with high degree of stenosis to eliminate st-
roke risk.9 However, the stroke risk is not associated with 
only the degree of carotid stenosis, the structure of the 
atherosclerotic plaque has also an important role in their 
stability or instability.10,11 Hence, a clinical practice is cru-
tial to predict the high-risk lesions even in asymptomatic 
patients. 

In histological examinations, infl ammation leads to 
destabilization and causes potentially symptomatic le-
sions. Besides, the lesions with thin fi brous cap, large 
lipid necrotic core, and intraplaque haemorrhage may 
cause instable plaques.10 However, because of the lim-
ited availibility of the imaging methods, the relationship 
between the structure of the atherosclerotic lesions and 
symptomatic disease is still unclear. Calcifi ed plaques are 
considered as low risk lesions because of the stable na-
ture12 but one fi fth of them may be symptomatic.10

In clinical practice, Doppler ultrasound (USG) and com-
puted tomographic angiography (CTA) are most com-
monly used to reveal the degree of carotid artery steno-
sis.6 Although USG is generally the fi rst choice imaging 
tool; it is subjective depending on the operator and is not 
enough to specifi city tissue composition.5 The CTA has an 
advantage of revealing the exact localization and extent 
of the stenosis, the calcium volume; however, it has some 
disadvantages such as iodinated contrast agents and radi-
ation exposure. Besides, it is not appropriate for showing 
hemodynamics, fl ow abnormalities or detect micro-calci-
fi cations.1,6 The magnetic resonance angiography (MRI) is 
another option for screening in clinical practice. MRI is 
superior to CTA in assessing the intraplaque hemorrhage 
and ulceration of atherosclerotic plaque.7

The degree of stenosis is evaluated with the cerebral 
symptomatology and the carotid endarterectomy proce-
dure is decided in the patients who have benefi cial po-
tentials.1,13 Carotid artery stenting is another option in 
appropriate patients but the surgical procedure is still the 
gold standard.14 In some centers, the symptomatic disease 
is the only indication for carotid endarterectomy.1 

Intraplaque hemorrhage and ulceration have been 
known to be associated with plaque vulnerability by lead-
ing instability.1 Intraplaque hemorrhage induces infl am-
mation and is considered as one of the biomarkers of the 
plaque instability. Plaque ulceration is another instability 
factor because it causes fi brous cap rupture and leads to 
ischemic cerebrovascular events. Hence, the lesion is more 

Fig. 3 – Acoustic impedance map of one atherosclerotic plaque ob-
tained by comparing the refl ected signals from distilled water and 
the sample. Upper nonuniform shape belongs to the plaque sam-
ple, having collagen-rich and calcifi c regions specifi ed with diffe-
rent colors, and the lower uniform shape belongs to distilled water. 
The scanning area is 4.8 mm × 4.8 mm.
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common in symptomatic patients than asymptomatic pa-
tients.2 When intraplaque hemorrhage is together with 
plaque ulceration, recurrent ischemic events may occur. 
In many series, calcifi cation is thought to be protective 
for ischemic events15 and the patients with collagen-rich 
plaque had more cerebral stroke.2,6 In contrary to these, 
there have been some studies mentioning that calcifi ca-
tion may increase plaque vulnerability depending on cal-
cifi cation sizes and locations.7 The calcifi cations that are 
thinner and closer to the surface may suffer high stress 
concentration and lead to intraplaque hemorrhage and 
plaque rupture. However, the deeper calcifi cation has 
lesser plaque stress and acts like a barrier for preventing 
intraplaque hemorrhage formation.7 Also, there have 
been some studies suggesting that the incidence of pre-
operative neurological symptoms and histological com-
plications are not so different in patients with or without 
plaque calcifi cation, in addition to this, cerebral ischemic 
events may be seen more frequently in the presence of 
more calcifi cations.12

Because of requiring predictor risk factors of the ath-
erosclerotic plaque, the examinations have been focused 
on the stenosis degree. Stenosis degree is considered as 
one of the risk factors. Although previous studies report-
ed that high degree stenosis has a role in symptomatic 
disease, recent studies showed that there is no relation 
between stenosis degree and ischemic cerebral event.2 Ip-
silateral hypoperfusion is assigned as another risk factor 
for symptomatic disease. In this content, the brain perfu-
sion may have an utmost importance for triggering the 
symptomatic disease.2

In recent years, with an increasing number of stud-
ies that reveal the importance of components in ath-
erosclerotic plaque for determining the risk potential; 
the clinicians examine the imaging tools that highlight 
plaque structure. Intravascular ultrasound (IVUS), near-
infrared spectroscopy (NIRS), and optical coherence to-
mography (OCT) have been used in coronary circulation 
and are found useful to evaluate plaque morphology. 
While IVUS and OCT are useful methods for athero-
sclerotic lesions, NIRS can detect lipid components.16 
In a study, Agatston calcium score was assumed to be 
a predictor factor for plaque vulnerability.15 The higher 
scores meant lower symptoms ipsilateral to the carotid 
lesion. Hence, in the asymptomatic group, there had 
been signifi cantly more carotid calcifi cation than in 
symptomatic group.15

As we previously reported, scanning acoustic micros-
copy (SAM) may be considered as another optional im-
aging tool obtaining useful information about structural 
and mechanical information of atherosclerotic plaque.8,16 
SAM provides differentiation between collagen-rich areas 
and calcifi ed regions, so it may be benefi cial to determine 
high-risk lesions in clinics. In our study, we have enlarged 
the patient number and evaluated the plaque structure 
in the context of symptomatic or asymptomatic disease. 
The patients with plaques of less acoustic impedance, 
which had more collagen-rich regions, suffered stroke 
more than the patients with plaques of high acoustic 
impedance, which had more calcifi cation. This result is 
correlated with previous reports that claim the calcifi ca-
tion is protective for stroke by providing a stable plaque. 

Also, we have revealed that when the calcifi cation region 
is increased, the number of patients complaining about 
the dizziness increases. We think that this result may be 
the consequence of hypoperfusion depending on the in-
creased calcifi cation.

In this study, we concluded that the components of 
the carotid plaque are strongly associated with the stroke 
rates. In a daily clinical practice, the stenosis degree is 
thought as the most important indicator of the high risk 
pathology. Recent studies have started to change this 
opinion with patient series. Plaque morphology takes at-
tention for the determination of high risk lesions, there-
fore new imaging tools are required. According to our 
results, the symptomatic disease is not correlated with 
the formation and high density of calcifi cation. However, 
supporting the previous studies that promote calcium-
rich plaque formation as a stabilizer, our results reveal 
that the stroke risk is associated with collagen-rich plaque 
formation. Our major limitation is a small number of the 
patients. The larger number and multicenter series are 
necessary to make examination of the morphological fea-
tures of the carotid artery plaques a standard procedure 
in clinical practice to differentiate high-grade lesions and 
discriminate which patients require intervention for the 
atherosclerotic carotid artery disease.  

Confl ict of interest 
None.

Funding body 
Scanning acoustic microscopy studies were supported 
by a grant from the Ministry of Development of Turkey 
(Project Number: 2009K120520).

References
 1. Diab HMH, Rasmussen LM, Duvnjak S, et al. Computed 

tomography scan based prediction of the vulnerable carotid 
plaque. BMC Med Imaging 2017;17:61. 

 2. Park MS, Kwon S, Lee MJ, et al. Identifi cation of High Risk 
Carotid Artery Stenosis: A Multimodal Vascular and Perfusion 
Imaging Study. Front Neurol 2019;10:765. 

 3. Naylor AR, Ricco JB, de Borst GJ, et al. Editor’s Choice – 
Management of Atherosclerotic Carotid and Vertebral Artery 
Disease: 2017 Clinical Practice Guidelines of the European 
Society for Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg 
2018;55:3–81.

 4. Munemitsu T, Ishii A, Okada E, et al. Ex Vivo Assessment of 
Various Histological Differentiation in Human Carotid Plaque 
with Near-infrared Spectroscopy Using Multiple Wavelengths. 
Neurol Med Chir (Tokyo) 2019;59:163–171. 

 5. Sheahan M, Ma X, Paik D, et al. Atherosclerotic Plaque Tissue: 
Noninvasive Quantitative Assessment of Characteristics 
with Software-aided Measurements from Conventional CT 
Angiography. Radiology 2018;286:622–631. 

 6. Seyman EE, Bornstein N, Auriel E, et al. Assessment of carotid 
artery ultrasonography in the presence of an acoustic shadow 
artifact. BMC Neurol 2019;19:178. 

 7. Yang J, Pan X, Zhang B, et al. Superfi cial and multiple 
calcifi cations and ulceration associate with intraplaque 
hemorrhage in the carotid atherosclerotic plaque. Eur Radiol 
2018;28:4968–4977. 

 8. Bilen B, Sener LT, Albeniz I, et al, Determination of 
Ultrastructural Properties of Human Carotid Atherosclerotic 
Plaques by Scanning Acoustic Microscopy, Micro-Computer 
Tomography, Scanning Electron Microscopy and Energy 
Dispersive X-Ray Spectroscopy. Sci Rep 2019;9:679. 

459_465_Puvodni sdeleni_Oztas.indd   464459_465_Puvodni sdeleni_Oztas.indd   464 19/08/2021   12:17:0119/08/2021   12:17:01



D. M. Oztas et al. 465

 9. Azar D, Torres WM, Davis LA, et al. Geometric determinants of 
local hemodynamics in severe carotid arterystenosis. Comput 
Biol Med 2019;114:103436 

 10. Masztalewicz M, Rotter I, Nowacki P, et al. The parameters of 
carotid plaques’ calcifi cations and clinical nature of the lesions 
in the context of revascularization treatment. The enlargement 
of calcifi cations is still the most important. Folia Neuropathol 
2019;57:63–71. 

 11. Kolodgie FD, Yahagi K, Mori H, et al. High-risk carotid 
plaque: lessons learned from histopathology. Semin Vasc Surg 
2017;30:31–43. 

 12. Pini R, Faggioli G, Fittipaldi S, et al. Relationship between 
Calcifi cation and Vulnerability of the Carotid Plaques. Ann Vasc 
Surg 2017;44:336–342. 

 13. Dharmakidari S, Bhattacharya P, Chaturvedi S. Carotid Artery 
Stenosis: Medical Therapy, Surgery, and Stenting. Curr Neurol 
Neurosci Rep 2017;17:77. 

 14. Ugurlucan M, Akay HT, Erdinc I, et al. Anticoagulation strategy 
in patients with atrial fi brillation after carotid endarterectomy. 
Acta Chir Belg 2019;119:209–216. 

 15. Yoon WJ, Crisostomo P, Halandras P, et al. The Use of 
the Agatston Calcium Score in Predicting Carotid Plaque 
Vulnerability. Ann Vasc Surg 2019;54:22–26.

 16. Bilen B, Gokbulut B, Kafa U, et al. Scanning Acoustic 
Microscopy and Time-Resolved Fluorescence Spectroscopy 
for Characterization of Atherosclerotic Plaques. Sci Rep 
2018;8:14378.

459_465_Puvodni sdeleni_Oztas.indd   465459_465_Puvodni sdeleni_Oztas.indd   465 19/08/2021   12:17:0119/08/2021   12:17:01



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


