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Abstract

Aim: The role of atherosclerosis in the pathogenesis of ascending thoracic aortic aneurysmes is still uncertain. Ultrasonic elastography
is a new diagnostic method, the use of which has diversified considerably in recent years. Anincrease in intima media thickness in the
carotid arteries is an early finding of atherosclerosis. Our purpose was to investigate the effect of atherosclerosis in the development
of ascending thoracic aortic aneurysms and to be able to recommend a non-invasive and inexpensive scanning method aiming at
early diagnosis.

Material and Methods: Thirty-three patients with ascending thoracic aortic aneurysms (aTAA group) and 40 patients with normal
measurement (control group) values were included in the study. The carotid artery intima media thicknessof carotid arteries were
measured using B mode ultrasonography. Elastographic examination of the intima-media was then performed.

Results: Body mass index, past smoking status, hypertension, presence of coronary artery disease and hyperlipidemia were higher
in the aTAA group than in the control group (p<0.05). No significant difference was determined between these two groups' ultrasonic
elastography or intima media thickness in the carotid arteries values (p<0.05).

Conclusions: Our findings suggest that the effect of atherosclerosis in the pathogenesis of ascending thoracic aortic aneurysms is
limited. Vascular ultrasonic elastography and intima media thickness determination in the carotid arteries appear not to be effective

in the evaluation of ascending thoracic aortic aneurysms.
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INTRODUCTION

Ascending thoracic aortic aneurysms (aTAA) generally
produce no clinical findings before causing cardiovascular
emergencies, such as dissection or rupture. The pre-
hospital mortality rate of these emergency conditions
is 40%, increasing by 1% for every hour without surgical
intervention (1,2). Despite advances in surgical techniques
and perioperative care conditions, the operative mortality
rateis 15-30% (2). The silent course of the disease and the
lack of an effective screening method for early diagnosis
make it difficult to determine the true incidence of aTAA
and to prevent acute events with attendant high mortality
(3,4). Diameter measurement alone is insufficient in
the prediction of emergency events, since dissection
is frequently reported in patients with a mean aortic
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diameter <5.0 cm, hence better markers are needed for a
more accurate surgical timing (1,4).

Atherosclerosis plays animportantroleinthe pathogenesis
of numerous vascular diseases. Despite the information
obtained to date, the pathophysiology of aTAA and the
effect of atherosclerosis on the development of aneurysm
are still not well understood (2,4,5). Population-based
studies have shown a correlation between the severity
of atherosclerosis in an arterial region and involvement
of other arteries (6,8). Methods developed for the early
identification of arterial diseases in healthy-appearing
individuals have therefore focused on the peripheral
arteries, and particularly the carotid arteries (8). Anincrease
in carotid artery intima media thickness (CIMT) is regarded
as an early finding of generalized atherosclerosis (3,6,7).
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Although CIMT screening is not recommended for risk
assessment in cardiovascular diseases in the most recent
European Society of Cardiology (ESC) guideline, CIMT
investigation may nevertheless provide an opportunity
for clinicians to assess subclinical atherosclerosis in the
vessel wall (8,10). Previous studies have investigated the
relation between increased CIMT and various vascular
diseases, such as coronary artery disease (CAD), peripheral
artery disease (PAD), intracranial arterial aneurysms, and
abdominal aortic aneurysms (AAA) (9,10,11,12). However,
the number of studies concerning aTAA is very small (13).

Ultrasound elastography (EUS), a novel diagnostic
technique, was developed in recent years on the basis of
the fact that pathological processes alter tissue elasticity
(14). EUS is used in the differential diagnosis of breast
and thyroid lesions, in the differentiation of benign and
malignant lymph nodes, in the staging of hepatic fibrosis,
in the characterization of focal pancreatic lesions, and
to differentiate active inflammation and in bowel wall
lesions and fibrotic stenosis (15-20). Our investigation of
the literature showed that studies of EUS in the context
of atherosclerotic vascular diseases have focused on
unstable plaques in the carotid arteries and on determining
the risk of stroke (21,22). However, we encountered no
EUS studies investigating the systemic vascular effects of
atherosclerosis.

This study investigated vascular EUS and CIMT values in
patients with aTAA. Our aim was to investigate the effect
of atherosclerosis on the development of aTAA and to
be able to recommend a non-invasive and inexpensive
screening method aiming at early diagnosis.

MATERIAL and METHODS

Study population: The study was carried out with the
approval of the local ethical committee (23618724), and
informed consent was obtained from the participants.
The records of all patients undergoing thoracoabdominal
computerizedtomography (CT)withcontrastenhancement
at the Kanuni Education and Research Hospital, Turkey,
between October 2015 and July 2016 were examined.
Aortic diameter measurements were performed from
the ascending, arch and descending thoracic aorta and
abdominal segments.

Aortic diameter 240 mm was regarded as aneurysm.
Patients' demographic data, body mass index (BMI)
values, hypertension (HT) (blood pressure =140/90 mm
Hg in non-diabetic subjects, and =130/80 mm Hg in
diabetics or subjects receiving antihypertensive therapy),
hyperlipidemia (subjects with low density lipoprotein
=135 mg/dl or receiving lipid lowering therapy), diabetes
mellitus (DM) (fasting plasma glucose =126 mg/dl, non-
fasting plasma glucose =200 mg/dl or subjects receiving
antidiabetic drugs), presence of CAD and cerebrovascular
disease (CVD), smoking status and data concerning drugs
used were recorded.

Patients with diseases leading to structural impairment
in the vascular wall, such as Marfan and Ehler Danlos

syndromes, with chronic renal failure (serum creatinine
22.0 mg/dl or receiving dialysis), bicuspid aortic valve,
advanced regurgitation in the aortic and/or mitral valve,
PAD, arcus aorta or descending thoracic aneurysm, AAA,
a history of cardiac and/or aortic surgery, endovascular
intervention or neck surgery, atherosclerotic plaque in the
carotid artery lumen were excluded from the study. Forty
patients with measurement values within normal limits
were enrolled in the control group and 33 patients with
ascending thoracic aortic aneurysm in the aTAA group.
Sonomorphological examination of both carotid arteries
and their branches of the 73 patients included in the study
was performed with B mode ultrasonography (US), and
CIMTs were measured. Elastographic examination of the
intima media was subsequently performed.

Radiological evaluation: An Aplio 500 US machine
(Toshiba Medical Systems, Co, Ltd, Ottowara, Japan)
with linear 4.8-11 MHz transducers and elastography
software was used. All examinations were performed by
one of two radiologists (AAK or GB) with more than 10
years' experience of carotid Doppler sonographic imaging
and blinded to clinical findings, laboratory results, early
clinical suspected differential diagnosis of aneurysms
and patients’ final diagnoses.

Ultrasound imaging: US examination in this study started
with gray scaleimaging. The patient was placed in a supine
and slightly extended position over a special wheeled bed.
B mode sonographic evaluation started with the bilateral
common carotid arteries (CCA). Following standard
transverse and longitudinal evaluation of the carotid
system, we performed Doppler sonographic imaging of
the carotidal system. The right common carotid artery
was examined with the head turned away from the side of
interest, and the transducer was replaced so that the near
and far walls of the common carotid artery were parallel
to the transducer foot print, and the lumen measurement
was maximized in the longitudinal plane. A region 1T cm
proximal to the carotid bifurcation was identified, and the
IMT of the far wall was evaluated. The IMT measurement
was taken from four contiguous sites at 1-mm intervals,
and the mean of the four measurements was used for
analyses (Figur 1).

Localized structures narrowing the arterial lumen by 1.5
mm or more were defined as atherosclerotic plaques (23),
and these patients were excluded from the analysis, since
our aim was to investigate the relationship between aTAA
and CIMT elastography extensively from atherosclerotic
plague elastography. Twenty-nine patients with
atherosclerotic plaque in the carotid artery lumen were
also excluded from the study. The blood flow in both
carotid arteries was observed using color Doppler US,
and blood flow parameters of bilateral carotid artery peak
systolic velocity and end-diastolic velocity were measured
using spectral analysis.

Elastography imaging and image analysis: During gray
scale ultrasonography (US), the carotid arteries were
evaluated and a region of interest (ROI) for elastography
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was identified. Once the elastography mode is selected,
the scale of colors is superimposed over the gray-scale
image. The gray-scale image appears on the right side
of the screen and the sonoelastogram on the left.Light
compression was applied to the carotid artery region in
the sagittal plane using the transducer. At the same time,
elastographic images were displayed over the B-mode
image on the monitor.

Multiple elastographic images were evaluated and the
technically optimal elastogram was selected in order to
define the elasticity score (Figur 2).

Figure 1. B mode sonographic image depicting carotid intima-
media measurement (red arrow), CCA; common carotid artery,
NM; neck muscles, TV; transverse process of cervical vertebras

Figure 2. Measurement of Elastography. The big white circle (red
arrow) represents blood whereas smaller pink one (blue arrow)
represents intima media.CCA; common carotid artery, NM; neck
muscles, TV; transverse process of cervical vertebras

In terms of color codes on elastographic images, blue is
associated with harder regions, red with softer regions
and green with moderately harder regions of the intima-
media. The elastographic color scale is related to the
degree of stiffness: red (soft tissue), green (intermediate
stiffness), and blue (inelastic tissue). For classification,
we used a 4-point modified Ueno scale (15).

Elasticity score (ES) | is associated with predominantly
green color with a red and yellow mosaic pattern, ES Il
with predominantly green color with a few areas of blue
mosaic appearance, ES Il with a predominantly blue
color with some areas of green and a green and blue
mosaic pattern, while in ES IV most of the intima media
exhibit significantly increased stiffness, with a blue
color. In addition to real-time elastographic evaluation,
intima-media strain can be evaluated using numerical
strain values and cross-checked with a correlation of
radiofrequency signals.

We selected two consecutive region of interest circles as
a target for comparing intima-media with the ipsilateral
carotid artery for determining the control stiffness value.
Both ROIs contained the same amount of intima-media
and carotid artery. Before calculating the strain ratio
we ensure that the jugular vein did not appear on the
B-mode image. We obtained four gray scale images and
elastogram and strain measurements for both carotid
arteries. Following the examination we selected the most
technically perfect image for the evaluation of carotid
artery color code grading and stiffness. This selected
elastogram was considered valid.

Statistical analysis: Data were analyzed on Statistical
Package for the Social Sciences (SPSS) software
(version 23 for Windows) (SPSS Inc., Chicago, IL, USA).
All differences associated with a probability of 0.05 or
less were considered statistically significant. Descriptive
statistics are presented as number and percentage and
continuous variables as mean t+ standard deviation.
Categorical data were analyzed using the chi-square or
Fisher's exact tests and continuous variables using the
independent samples t- test. Statistical tests used and
p-values were given in detail in table form in the results
section.

RESULTS

Thirty-three subjects, 22 of whom were male, were
included in the aTAA group and 40 subjects, 29 male,
in the control group. Basic characteristics of the study
group and comparisons thereof were shown in Table 1. No
significant difference was determined between the groups
in terms of gender distribution, age, current smoking
status or presence of DM and CVD (p>0.05).

BMI, past smoking status, presence of HT, hyperlipidemia
and CAD were significantly higher in the aTAA group
(p<0.05). As shown in Table 2, no significant difference
was observed between the aTAA and control groups in
terms of CIMT (0.77+ 0.19 vs0.71+ 0.33, p=0.338) or strain
ratio values (0.56+ 0.56 vs0.70% 0.60, p=0.320).

The groups' ES values were shown in Table 3. Since no
patients in the aTAA group and only one in the control
group had ES values of 4, analysis was performed for ES
values of 1,2 and 3. Accordingly, the presence of aneurysm
was found to have no statistically significant effect on ES
(2x3 Fisher's exact test p value: 0.721).
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Table 1. Analysis of the study population

Control group (n=40) aTAA group (n=33) P value
Gender (% of males) 72.50 66.70 0617
Age (years) 68.65 67.70 0.745?
BMI (kg/m?) 2762 2990 00312
Smokers (%) 22.50 24.20 0.861°
Past smokers (%) 20.00 42.40 0.038°
Hypertension (%) 315 7210 0.003°
Hyperlipidemia (%) 5.00 21.30 0.018°
Diabetes mellitus (%)~ 85.00 84.80 1.000°
CAD (%) 175 39.40 0.037°
CVD (%) 5.00 15.20 0.233°

aTAA: Ascending Thoracic Aortic Aneurysms, BMI: Body Mass Index,
CAD: Coronary Artery Disease, CVD: Cerebrovascular Disease,

Independent samples t-test,
bChi square test,
°Fisher's exact test

Table 2. CIMT and strain ratio values

CIMT and strain ratio values in the control and aneurysm groups

Control group (n=40)  aTAA group (n=33) P value
CIMT (MeantSD) ~ 0.71+0.33 0.77£0.19 0338
Strain ratio ;
(MeansSD) 0.704 0.60 0.561 0.56 0.320

CIMT: Carotid Intima Media Thickness, aTAA: Ascending Thoracic
Aortic Aneurysms, SD: Standard deviation
Independent Samples t-test,

Table 3. Elasticity score values

Elasticity score values in the control and aneurysm groups®

ESTn(%)  ES2n(%)  ES3n(%)
17(425)  17(425)  5(12.5) 1(2.5) 40(100.0)
11(333)  17(51.5) 5(15.2) 0(0.0) 33(100.0)

ES: Elasticity score, aTAA: Ascending Thoracic Aortic Aneurysms
92x3 Fisher's exact test p value: 0.721

ES4n(%)  Totaln (%)

Control group

aTAA group

ES 4 is omitted and then 2x3 Fisher's exact is applied

DISCUSSION

The study findings may be summarized as follows: i)
high BMI, past history of smoking and the incidence of
hyperlipidemia, HT and CAD were higher in the patients
with aTAA than in the control group. ii) No difference was
determined between the aTAA and control groups in terms
of CIMT values. iii) No difference was determined between
the aTAA and control groups in terms of EUS values. iv) No
correlation was determined between IMT and EUS values.

In agreement with the literature, atherosclerotic risk
factors such as high BMI, smoking, hyperlipidemia and HT
were higher in the aTAA group than in the control group
in this study (2-5). Atherosclerosis in aortic aneurysms
is closely associated with increased medial degeneration
and aortic dissection (24). The fragmentation of elastic
fibers constitutes a significant part of the thoracic aortic
remodeling process that accompanies aging. Calcific and

atherosclerotic lesions have been reported to accompany
this fragmentation involved in the pathogenesis of
aneurysm (25). Atherosclerosis begins damaging the
arterial wall by causing asymptomatic changes. Early
atherosclerotic changes in the arterial wall progress
rapidly to severe lesions under the effect of cardiovascular
risk factors (9,10,25). Currently Doppler US or angiography
are generally used for the evaluation of arterial diseases.
However, these techniques provide no information about
pathological changes in the arterial wall prior to the
formation of lesions. The evaluation of intima media
thickness (IMT) using US was developed in order to be
able to investigate the walls of superficial arteries such
as the carotid in a detailed and non-invasive manner.
The latest ESC guideline does not recommend CIMT for
cardiovascular disease risk assessment (8).

Nonetheless, numerous studies have reported that
CIMT is a valuable technique for evaluating systemic
atherosclerosis in the early period (3,9-11,13). Using this
method, the damage caused by atherosclerosis in the
arterial wall can be evaluated even in the absence of a
lesion causing changes in the lumen (3). CIMT values have
been shown to be compatible with histological findings
of atherosclerosis (26). Studies have described CIMT as
a non-invasive, rapid, easily repeatable, economical and
useful method of determining atherosclerosis in the early
period (9,11,12,27,28).

Although the relation between CIMT and various
atherosclerotic vascular diseases such as CAD, PAD
and CVD has been clearly revealedthe findings of
studies investigating CIMT in aneurysmal diseases are
inconsistent (9-12). One study reported that CIMT values
in patients with AAA and PAD increased at a similar rate
to those of healthy volunteers (29). Studies maintaining
the opposite, however, have reported similar CIMT values
in patients with AAA to those in healthy volunteers but
significantly lower values than those in patients with
PAD (10,30). Authors reporting lower CIMT values in
AAAs compared to PAH have interpreted those findings
as meaning that atherosclerosis is a basic pathological
factor in the development of PAH, but that its effect in the
development of aneurysm is limited. They also stated that
atherosclerosis is only one component of the complex
pathophysiological mechanisms in the development of
aneurysm. Our review of the literature revealedonly one
study investigating CIMT in aTAA. Hung at al. compared
the mean CIMT values of 52 patients with aTAA and a
29-member control group. They determined significantly
lower CIMT values in the aTAA group, independently
of atherosclerotic risk factors (age, BMI, gender, family
history, smoking, dyslipidemia, race, DM and HT) compared
to the control group (0.5020.13mm vs 0.60+0.11 mm,
p= 0.0002). Those authors therefore suggested that the
presence of aTAA significantly reduces the development
of systemic atherosclerosis. In addition, they reported that
proaneurysmal genetic mutations provided protection
against atherosclerosis and that it was important for
these mechanisms to be understood in order to develop
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protective therapeutic strategies against atherosclerosis
(13). In contrast to Hung et al. during comparison of CIMT
values between the groups in our study, atherosclerotic
risk factors, known to play an important role in the
etiology of aTAA, were not excluded. In agreement
with the information in the literature, smoking, HT and
hyperlipidemia levels in the aTAA group were significantly
higher than those in the control group (4,5). We attributed
the mean CIMT values in our aTAA group being 0.27
mm higher than the patients with aTAA in Hung et al.'s
study to this. In conclusion, the absence of a statistically
significant difference between CIMT values in our aTAA
and control groups suggested that atherosclerosis plays a
limited role in the pathogenesis of aTAA, and our findings
support those of Hung et al.

The EUS technique was first introduced by Ophir et al.
in 1991 (14). This is a non-invasive US technique that
measures the degree of hardness of tissues. It calculates
the response to compression of the distance between
two points determined in the longitudinal plain in the
tissue under investigation. The aim is to give an idea of
tissue hardness. For example, malignant formations are
generally hard and do not respond to compression, while
benign formations and normal tissues are softer and
permit compression.Tissues can be evaluated according
to their “strain ratio" and "strain pattern." The strain
ratio is obtained by dividing the hardness (strain) of the
surrounding normal tissue by the degree of hardness
of the investigated tissue. Scoring systems evaluating
lesion hardness are generally used for the strain pattern
(14-20). The arterial walls of patients with generalized
atherosclerosis are observedtolose elasticity and softness
during cardiovascular surgical procedures. We therefore
hypothesized that EUS might be useful in the assessment
of vascular diseases whose etiopathogenesis involves
atherosclerosis. However, our review of the literature
revealed no EUS studies investigating the systemic effects
of atherosclerosis in vascular diseases. Studies on this
subject have generally focused on being able to identify
risk of stroke and unstable plaque rupture in the carotid
artery (21,22). In our study we determined no significant
difference in terms of EUS values between the aTAA and
control groups. We also observed no correlation between
the CIMT values we obtained and the EUS findings. These
findings suggested that, like CIMT, EUS is not a method
that can be used in the evaluation of atherosclerotic
vascular diseases.

There are a number of limitations to this study. First, there
is no standard method of assessing CIMT. Studies have
measured the carotid artery and internal carotid arteries
from various points based on carotid artery bifurcation.
In addition, different methods such as taking the highest
from bilateral measurements or mean values have been
employed. This makes it difficult to establish a working
method and to compare previous studies (9,10). Second,
there is no screening technique for determining causes
of aneurysm of genetic origin, such as Marfan and Ehler-
Danlos syndromes. However, these syndromes are very

rare and are seen in young patients. The possibility of their
affecting our study population is therefore very low (9).
Third, there are no previous EUS studies of the systemic
vascular effects of atherosclerosis. There is therefore
no standard defined method for evaluating the carotid
arteries for this purpose using EUS.

CONCLUSION

In conclusion, our findings suggest that the effect of
atherosclerosis in the pathogenesis of aTAA is limited.
CIMT is an important method in the evaluation of systemic
atherosclerosis in the early period. However, it appears to
have no efficacy in the assessment of aTAA. On the other
hand, our findings suggest that EUS cannot be used as
a screening technique in the early assessment of aTAA.
Wider ranging studies with broader levels of participation
are now needed to illuminate the complex mechanisms
underlying the development of aTAA.

REFERENCES

1. Krishnan K, Ge L, Haraldsson H, Hope MD, Saloner DA,
Guccione JM, et al. Ascending thoracic aortic aneurysm
wall stress analysis using patient spesific finite element
modeling of in vivo magnetic resonance imaging. Interact
Cardiovasc Thorac Surg 2015;21(4):471-80.

2. Trimarchi S, Nienaber CA, Rampoldi V, Myrmel T, Suzuki T,
Mehta RH, et al. Contemporary results of surgery in acute
type A aortic dissection: the International Registry of Acute
Aortic Dissection experience. J Thorac Cardiovasc Surg
2005;129(1):112-22.

3. de Groot E, Hoving GK, Wiegman A, Duriez P, Smit AJ,
Fruchart JC, et al. Measurement of arterial wall thickness
as a surrogate marker for atherosclerosis. Circulation
2004;109(23 Suppl 1):11133-8.

4. Pape LA, Tsai TT, Isselbacher EM, Oh JK, O'Gara PT,
Evangelista A, et al. Aortic diameter > or = 5.5cm is not a
good predictor of type A aortic dissection: observations
from the International Registry of Acute Aortic Dissection
(IRAD). Circulation 2007;116(10):1120-7.

5. Ruddy JM, Jones JA, lkonomidis JS. Pathophysiology
of thoracic aortic aneurysm (TAA). is it not one uniform
aorta? Role of embryologic origin. Prog Cardiovasc Dis
2013;56(1):68-73.

6. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson SK Jr. Carotid-artery intima and media thickness
as a risk factor for myocardial infarction and stroke in older
adults. Cardiovascular Health Study Collaborative Research
Group. N Engl J Med 1999;340(1):14-22.

7. Den Ruijter HM, Peters SA, Anderson TJ, Britton AR, Dekker
JM, Eijkemans MJ, et al. Common carotid intima-media
thickness measurements in cardiovascular risk prediction:
a meta-analysis. JAMA 2012;308(8):796-803.

8. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano
AL, et al. 2016 European Guidelines on cardiovascular
disease prevention in clinical practice: The Sixth Joint Task
Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of 10 societies and
by invited experts) Developed with the special contribution



J Turgut Ozal Med Cent 2018;25(1):1-6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

of the European Association for Cardiovascular Prevention &
Rehabilitation (EACPR). Eur J Prev Cardiol 2016;23(11):1-96.
Van de luijtgaarden KM, Bakker EJ, Rouwet EV, Hoeks SE,
Valentijn TM, Stolker RJ, et al. Aneursymal disease is
associated with lower carotid intima-media thickness than
occlusive arterial disease. J Vasc Surg 2013;57(3):642-7.
Cheuk BL, Lau SS, Cheng SW. Carotid intima-media
thickness in patients with abdominal aortic aneurysms. Eur
J Vasc Endovasc Surg 2007;33(2):149-53.

Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE.
Common carotid intima-media thickness and risk of stroke
and myocardial infarction: the Rotterdam Study. Circulation
1997;96(5):1432-7.

Lundervik M, Fromm A, Haaland A, Waje-Andreassen U,
Svendsen F, Thomassen L, et al. Carotid intima media
thickness a potential predictor for rupture risk of intracranial
aneurysms. Int J Stroke 2014;9(7):866-72.

Hung A, Zafar M, Mukherjee S, Tranquilli M, Scoutt LM,
Elefteriades JA. Carotid intima media thickness provides
evidence that ascending aortic aneurysm protects against
systemic atherosclerosis. Cardiology 2012;123(2):71-7.
Ophir J, Cespedes |, Ponnekanti H, Yazdi Y, Li X. Elastography:
a quantitative method for imaging the elasticity of biological
tissues. Ultrasonic imaging 1991;13(2):111-34.

Ueno E, Ito A. Diagnosis of breast cancer by elasticity
imaging. Eizo Joho Medical 2004;36:2-6.

Seong M, Shin JH, Hahn SY. Ultrasound strain elastography
for circumscribed solid thyroid nodules without malignant
features categorized as indeterminate by B-Mode
ultrasound. Ultrasound Med Biol 2016;42(10):2383-90.
Larsen MH, Fristrup C, Hansen TP, Hovendal C, Mortensen
MB. Endoscopic ultrasound, endoscopic sonoelastography,
and strain ratio evaluation of lymph nodes with histology as
gold standard. Endoscopy 2012;44(8):759-66.

Poynard T, Vergniol J, Ngo Y, Foucher J, Munteanu
M, Merrouche W, et al. Staging chronic hepatitis C in
seven categories using fibrosis biomarker (FibroTest™)
and transient elastography (FibroScan®). J Hepatol
2014;60(4):706-14.

Saftoiu A, Vilmann P, Gorunescu F, Janssen J, Hocke M,
Larsen M, et al. Efficacy of an Artificial Neural Network—
Based Approach to Endoscopic Ultrasound Elastography in
Diagnosis of Focal Pancreatic Masses. Clin Gastroenterol
Hepatol 2012;10(1):84-90.

Stidham RW, Xu J, Johnson LA, Kim K, Moons DS, McKenna
BJ, et al. Ultrasound elasticity imaging for detecting
intestinal fibrosis and inflammation in rats and humans with

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Crohn's disease. Gastroenterology 2011;141(3):819-26.
Ramnarine KV, Garrard JW, Dexter K, Nduwayo S, Panerai
RB, Robinson TG. Shear wave elastography assessment
of carotid plaque stiffness: in vitro reproducibility study.
Ultrasound Med Biol 2014;40(1):200-9.

Liu F Yong Q, Zhang Q, Liu P, Yang Y. Real-time tissue
elastography for the detection of vulnerable carotid plaques
in patients undergoing endarterectomy: a pilt study.
Ultrasound Med Biol 2015;41(3):705-12.

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler
ER, et al. Use of carotid ultrasound to identify subclinical
vascular disease and evaluate cardiovascular disease
risk: a consensus statement from the American Society of
Echocardiography Carotid Intima-Media Thickness Task
Force. Endorsed by the Society for Vascular Medicine. J Am
Soc Echocardiogr 2008;21(2):93-111.

Albini PT, Segura AM, Liu G, Minard CG, Coselli JS, Milewicz
DM, et al. Advanced atherosclerosis is associated with
increased medial degeneration in sporadic ascending aortic
aneurysms. Atherosclerosis 2014;232(2):361-8.

Tsamis A, Krawiec JT, Vorp DA. Elastin and collagen fibre
microstructure of the human aorta in ageing and disease: a
review. J R Soc Interface 2013;10(83): :20121004.
Schulte-Altedorneburg G, Droste DW, Felszeghy S,
Kellermann M, Popa V, Hegediis K, et al. Accuracy of in vivo
carotid B-mode ultrasound compared with pathological
analysis: intima-media thickening, lumen diameter, and
cross-sectional area. Stroke 2001;32(7):1520-4.

Hollander M, Bots ML, Del Sol Al, Koudstaal PJ, Witteman JC,
Grobbee DE, et al. Carotid plaques increase the risk of stroke
and subtypes of cerebral infarction in asymptomatic elderly:
the Rotterdam Study. Circulation 2002;105(24):2872-7.
Heiss G, Sharrett AR, Barnes R, Chambless LE, Szklo M, Alzola
C. Carotid atherosclerosis measured by B-mode ultrasound
in populations: associations with cardiovascular risk factors in
the Aric study. Am J Epidemiol 1991;134(3):250-6.

Spring S, van der Loo B, Krieger E, Amann-Vesti BR, Rousson
V, Koppensteiner R. Decreased wall shear stress in the
common carotid artery of patients with peripheral arterial
disease or abdominal aortic aneurysm: relation to blood
rheology, vascular risk factors, and intimamedia thickness.
J Vasc Surg 2006;43(1):56-63.

Simons PC, Algra A, Bots ML, Banga JD, Grobbee DE, van
der Graaf Y. Common carotid intima-media thickness in
patients with peripheral arterial disease or abdominal aortic
aneurysm: the SMART study. Second manifestations of
arterial disease. Atherosclerosis 1999;146(2):243-8.



