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Agrip
Inngangur:  Omun af halsslageedum gerir kleift ad maela baedi steerd og samsetningu sedaskella.
Tilgangur rannséknarinnar var ad innleida adferd og meta endurtekningarhaefni adferdarinnar par sem

omun er notud til mats & steerd og samsetningu sedaskella i langsnidsrannsokn, Oldrunarrannsokn
Hjartaverndar (OHV) og Ahaettupattakénnun (AHV) Hjartaverndar.

Adferdafraedi: 219 patttakendur ar OHV (76+6 ara, 36% karlar) og 10 patttakendur Gr AHV
(60.515.5 ara, 70% karlar) gengust undir 6mrannsokn af halsslageedum med u.p.b. 5 ara millibili til
skodunar & steerd og samsetningu sedaskella. Notast var vid stadlada adferd til ad na sem likustum
myndum milli heimséknarl og heimsoknar2. Myndgreiningarforritid AMS var adlagad til ad maela
breytingu i steerd og samsetningu aedaskella. Prir rannsakendur téku patt i rannsékninni, meeldur var
baedi innan og milli rannsakenda breytileiki par sem annarsvegar 25 patttakendur Gr OHV
rannsokninni voru valdir og 10 patttakendur ar AHV par sem lesarar lasu tvisvar med a.m.k. viku
millibili.

Nidurstédur:  Innan lesara breytileiki fyrir steerd sedaskella: Fyrir lesaral (baedi OHV og AHV
héparnir) breytileikastudullinn var 12.10%, r =0.96 og 9.82%, r=0.96, enginn marktaekur munur a milli
Grlestra (p=0.74, p=0.23). Fyrir lesara2 (OHV hépurinn) breytileikastudullinn var 18.63%, r=0.90, pad
var marktaekur munur & milli drlestra (p<.0001). Fyrir lesara3 (AHV hépurinn) breytileikastudullinn var

16.03%, r=0.96, enginn marktaekur munur milli arlestra (p=0.72).

Innan lesara breytileiki fyrir samsetningu sedaskella: Fyrir lesaral (badir hoparnir OHV og AHV)
breytileikastudullinn var 7.77%, r=0.90 og 6.84%, og r=0.91, enginn marktaekur munur & milli Urlestra
(p=0.73, p=0.36). Fyrir lesara2 (OHV hopurinn) breytileikastudullinn var 8.04%, r=0.86 enginn
markteekur munur & milli Grlestra (p=0.08). Fyrir lesara3 (AHV hépurinn) breytileikastudullinn var

6.97%, r=0.88 og enginn marktaekur munur a milli drlestra (p=0.20).

Breytileiki milli lesara fyrir steerd aedaskella: Fyrir lesara (1 og 2) (OHV hopurinn)
breytileikastudullinn var 23.29%, r=0.81, pad var markteekur munur a milli lesara (p<.0001). Fyrir
lesara (1 og 3) (AHV hoépurinn) breytileikastudullinn var 18.20%, r=0.91, pad var markteekur munur &
milli lesara (p=0.0023).

Breytileiki milli lesara fyrir samsetningu sedaskella: Fyrir lesara (1 og 2) (OHV hépurinn): var
breytileikastudullinn 8.55%, r=0.87, enginn marktaekur munur & milli lesara (p=0.35). Fyrir lesara (1 og
3) (AHV hopurinn): var breytileikastudullinn 7.45%, r=0.82 enginn marktaekur munur & milli lesara
(p=0.44).

Alyktun: | pessari rannsékn var kynnt stodlud adferd baedi vid 6mun og Grlestur mynda til ad
meela breytingu i steerd og samsetningu adaskella. Adferdina er haegt ad nota & areidanlegan hatt til
ad meela langtima breytingu i steerd og samsetningu sedaskella. Légd er ahersla a mikilveegi reynsiu

og pjalfunar par sem vinnureglu eins og hér er lyst er fylgt nakveemlega.



Abstract

Introduction:  B-mode ultrasonography of the carotid arteries makes quantitative measurements
of atherosclerotic plaque area and composition assessed as grey-scale median (GSM) possible. The
purpose of this study was to set up a standardized ultrasound protocol to measure longitudinal
changes in plaque area and composition and to determine the intra- and inter-observer variability of

the measurements.

Method: A total of 219 participants from the AGES Reykjavik Study (76+6 years old, 36% males)
and 10 participants from the REFINE Reykjavik Study (60.5+5.5 years old, 70% males) underwent 2D
B-mode ultrasound examination of the carotid arteries approximately 5 years apart for a longitudinal
assessment of plaque area and composition. Standardized protocol was used to acquire comparable
images from both visits. Ultrasound was performed bilaterally on the common carotid artery, internal
carotid artery and the bifurcation. A modified version of the Artery Measurement System (v1.141) was
used to measure plaque area and GSM values. Three sonographers participated in this study, intra-
and inter observer variability was based on re-reading ultrasound images from 25 subjects selected
from the AGES Reykjavik cohort and the 10 subjects selected randomly from the REFINE Reykjavik
cohort.

Results : Intra sonographers variability for plaque area: For sonographerl (AGES and REFINE
groups): the coefficient of variation (CoV) was 12.10%, r=0.96 and 9.82%, r = 0.96 respectively with
no statistically significant difference between observations (p=0.74, p=0.23). For sonographer2
(AGES group) the CoV was 18.63%, r=0.90, statistically significant difference between observations
(p<.0001). For sonographer3 (REFINE group) the CoV was 16.03%, r=0.96, no statistically significant

difference between observations (p=0.72).

Intra sonographers variability for plague GSM: For sonographerl (AGES and REFINE groups) the
CoV was 7.77%, r=0.90 and 6.84%, and r=0.91 respectively, with no with no statistically significant
difference between observations (p=0.73, p=0.36). For sonographer2 (AGES group) the CoV was
8.04%, r=0.86, with no statistically significant difference between observations (p=0.08). For
sonographer3 (REFINE group) the CoV was 6.97%, r=0.88, with no statistically significant difference

between observations (p=0.20).

Inter sonographer’s variability for plaque area: For sonographers (1 and 2) (AGES group) the
CoV% was 23.29%, r=0.81, statistically significant difference between sonographers (p<.0001). For
sonographers (1 and 3) (REFINE group) the CoV was 18.20%, r=0.91, statistically significant

difference between sonographers (p=0.0023).

Inter sonographer’s variability for plaque GSM: For sonographers (1 and 2) (AGES group) the CoV
was 8.55%, r=0.87, with no statistical difference between sonographers (p=0.35). For sonographers
(1 and 3) (REFINE group) the CoV was 7.45%, r=0.82, with no statistical difference between
sonographers (p=0.44).



Conclusion:  This study shows that ultrasound can be used consistently for assessment of
changes in plaque area and GSM over time. This can be achieved by proper training of ultrasound

sonographers and applying and following a strict protocol introduced in this study.
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1 Introduction/Background

Carotid plague is unequivocal evidence of atherosclerosis and reflects more advanced aspects of
the atherosclerotic process than carotid intima media thickness (IMT) when measured with
ultrasonography (1). It has been observed that the vessel wall thickens more slowly than the plaque
itself grows, which in turn allows better detection of the progression of atherosclerosis by measuring
plague composition and size rather than IMT in longitudinal studies (2). However, qualitative plaque
measurements with ultrasonography of the carotid arteries have proved to be subjective and suffer
from poor reproducibility (3-5). More quantitative and objective method of plaque characterization has
been made with computerized assessment of plague echogenicity, measured as grey-scale level (6).
This improved method gives plaque with high fibrous content and calcified tissue a high grey-scale
value (echo-rich plaque), whereas plague with high lipid and hemorrhage content gives a low grey-
scale value (echo-lucent plaque) (6, 7). The most important outcome parameter on the grey-scale is
the median value which gives information on the composition of the plague and referred to as grey
scale median (GSM). Echo-lucent (fat/lipid) plaque is more likely to rupture than echo-rich (fibrous
and calcified) plaques (8-10). Most studies using this method have been limited to small sample sizes
and case-control or cross-sectional study design. There is a lack of studies that have assessed the
reproducibility of B-mode ultrasonography with measurements of the longitudinal changes in size and
composition of carotid plaques. Furthermore, studies have used different parameters and statistical
methods when assessing the reproducibility of plaque size measurements and composition making it
difficult to compare results across different studies. The purpose of this study was to set up a
standardized ultrasound protocol to measure longitudinal changes in plaque area and composition and
to determine the intra- and inter-observer variability of the measurements. The study included
participants from the Age Gene/Environment Susceptibility Reykjavik Study (AGES-Reykjavik) and
also participants from the Risk Evaluation for Infarct Estimate Reykjavik Study (REFINE Reykjavik).
Both studies are population-based with longitudinal measurements of carotid plaque and IMT by
ultrasonography. The reproducibility was assessed by using diverse statistical methods to allow
comparison with other studies.

In the following subchapters the progress of atherosclerosis and the anatomy of the common
carotid artery will be address briefly. Different imaging modalities to measure plaque in the common
carotid artery will be mentioned briefly but the focus will be on the ultrasound imaging of the common

and the internal carotid artery and the bifurcation.
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1.1 Atherosclerosis

Atherosclerosis is common and the risk of life threatening consequences of the diseases, such as
myocardial infarction, stroke or gangrene in lower limbs (peripheral vascular ischemia) are common
causes of mortality and morbidity (1). Atherosclerosis is a chronic disease that can affect both the
young and the elderly although more common at advanced age. The disease can be progressing for

years without producing any clinical symptoms (11, 12).

The main characteristic of arteriosclerosis is thickening of the arterial wall and loss of elasticity due
to damage of the endothelial lining (13). The atherosclerotic progress can be divided into several
stages (Figure 1). Inflammation is thought to play an important role in the progression of
atherosclerotic disease and is believed to be present in the arterial wall at all stages of the disease
(14). The first stage where the wall has thickened can be measured as the Intima media thickness
(IMT). Intima media thickness is believed to be related to hypertension or left ventricular hypertrophy
(15, 16) as well as indicate infiltration of the atherosclerotic process. As the disease progresses the
formation of plaque appears. The initial plaque is minimal, depending on the progression of the
formation it can go up to moderate, severe or may even cause occlusion of a blood vessel. The
composition of the plaque changes over time as it goes from being comprised of more lipids to more
complex lesions with more necrotic or calcified regions. The echolucency is thought to play an
important role in the growth progression of the plaque. Increasing echogenicity or plaque hardening
slows down the plaque growth inversely ehcolucent plagues, more composed of lipids tend to have
more growth progression in plaque area (17, 18). It has been shown that the composition of plaque is
more predictive than the plaque size for plaque rupture with the following formation of a thrombus (10).
The plague in symptomatic patients are more prone to rupture because the plague is more composed
of inflammatory infiltrate, smaller lipid necrotic core and it also has thin cap and increased intermediate
elastin form (19-21). Smaller plaque or less obstructive ones can be more dangerous than larger

plagues as they are often vulnerable to rupture because of their lipid content (22).

Foam  Fatty Intermediate Atheroma Fibrous Complicated
Cell streak lesions Plaque lesion/Rupture

IMT measurements Plague measurements

Timeline Ema-

Figure 1. Schematic image showing the progression of atherosclerosis. A modified image
from (14). Thickening of the arterial wall and for  mation of plaque starts. At the end of
the plaque formation when plaque is complex the pla  que can rupture.
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Normal artery has three layers (Figure 2), the tunica intima which is in contact with blood through
its thin monolayer of endothelial cells overlying a basement membrane. The media or the middle layer
contains smooth muscle cells embedded in extracellular matrix. The outermost layers of the arteries is
the adventitia which contains micro vessels, mast cells, nerve endings, fibroblast, type | collagen fibers

and elastic network (12, 23).

Arterial lumen

Endothelium

- Intima
e e — o .
S Media
. -—re paw J TS
= P—-"”ﬂ .; _-C_‘;I;"‘F‘err'
e - g
e it Adventitia

Figure 2. Schematic image of the arterial layers, = modified picture from Libby (24).

During the progression of the disease macrophages are recruited into the intima layer.
Macrophages take up the low density lipoprotein (LDL) in the intima layer and turn into foam cells.
The smooth muscle cells from the media layer start to migrate into the intima and form a fibrous cap
over the foam cells (12, 25). Atherosclerosis is a systems disease and atherosclerosis in one part of
the arterial tree increases the likelihood of atherosclerosis in other parts of the arterial tree. Plaque in
the common carotid artery may therefore predict the risk for atherosclerosis elsewhere in the body,

such as in the coronary arterial tree or in the peripheral arteries i.e. in the lower limbs (18).

Shear stress is thought to play an important role in the progression of atherosclerosis. Low shear
stress can induce changes in leukocyte so they adhere more with the activated endothelial layer (26).
Formation of atherosclerosis is often in the bifurcation of an artery where the shear stress is oscillatory
or where the shear stress is low like in the curvatures of coronary arteries. Increased shear stress

gives a protection against the progression of atherosclerosis (26, 27).

1.2 Common carotid artery-bifurcation, Internal and external carotid
artery

Left common carotid artery arises from the arch of the aorta, but the origin of the right common
carotid artery is from the brachiocephalic artery see (Figure 3). Both the left and right common carotid
arteries have a bifurcation located approximately at the distal part of the thyroid gland. The

approximate bifurcation length varies between subjects.
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Right vertebral
artery

Right common
carotidl artery

Figure 3. Arch of aorta and branches for the right

Left vertabral
artery

Left common
carotid artery

common carotid artery and left common

carotid artery, picture from (28).

After the bifurcation the common carotid artery (CCA) divides into the internal- and external carotid

arteries (29) (Figure 4).

occlusion, the fibrous cap of the plaque can also rupture and the collagen gets exposed to the

circulation and may cause thrombus formation.
stroke (30, 31).

Internal Carotid
artery

Thrombus L T,
Plague in near wall

Common carotid artery
bifurcation

Common caretid artery

Figure 4. Schematic picture of the common-, bifurc

Plaque is visible in both near and far wall of the
is a thrombus in the internal carotid artery causin

Plaque in the common carotid artery or internal carotid artery can cause

If the thrombus moves it may cause embolism and

External carotid
artery

Plague in far wall

ation, internal- and external carotid artery.

bifurcation and internal carotid artery. There
g occlusion for the blood flow, picture from;

(31).
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1.3 Common carotid Intima-media-thickness (CIMT) me  asurement

The average intima-media-thickness (IMT) in healthy young individual is ~0.15 mm (32). To
measure the IMT in the common carotid artery two parallel lines can be used to measure the distance
between the arterial layers; the media-adventitia and lumen-intima on longitudinal ultrasound images,
a well-known method (33). The lines can be generated using automated software with 10 mm long
lines reaching proximal from the bifurcation of the CCA. The program then automatically assigns the
lines to the layers. If not properly assigned it can be corrected manually (34, 35). Atherosclerosis
has primarily been investigated with ultrasound by measuring the carotid intima-media thickness
(CIMT) of the arterial wall and the presence of carotid artery plaques and degree of carotid artery
stenosis are recognized as risk factors for cardiovascular disease (CVD), stroke and mortality (36-38).
There is some evidence that the risk for atherosclerosis in coronary arteries can be effectively
predicted by measuring IMT in the carotid arteries (39). Furthermore atherosclerosis in the carotid
artery correlates with atherosclerosis elsewhere in the circulation including coronary arteries (7, 40-
42).

Semi-automated border-detection software has been used with good results to increase the
reproducibility in CIMT measurements (43). The sensitivity of the IMT has been somewhat debatable,
Migrino et al. (44) showed that after a statin therapy where ultrasound was used to measure IMT and
Magnetic Resonance Imaging (MRI) was used to measure borders of the adventitial/lumen, a
regression was detected on the MRI images but not on the ultrasound images. The reproducibility of
CIMT measurements based on inter observer variability assessment has been shown to be excellent
with low mean inter-observer difference 0.0186+0.0244 mm (45). Touboul et.al. (46) measured the
reproducibility of CIMT by performing repeated measurements and reported the intra class correlation
coefficient of 0.97. However, CIMT measurements have not been shown to be as good risk estimator

for stroke or coronary artery disease as the total plaque area in the carotid arteries (47-49).

1.4 Carotid plague GSM (composition) and area (size )

Several studies have shown that the presence of carotid stenosis is a strong predictor for death in
the general population (36, 50). Vulnerable plaques are plagues with high risk of rupture and can
cause thrombosis and embolism. In the assessment of the vulnerability of atherosclerotic lesions it is
common to use ultrasonographic B-mode characterization of carotid plaque morphology (7, 9). The
difficulty with ultrasound acquisition and image reading is that it's very dependent on the users and it
seems that variability in published measurements is often kept aside and only few statistical
parameters are reported, this is summarized in Appendix Il where several publications are listed with
their reported statistical parameters. Ultrasound has been accepted as the commonly used imaging
modality to measure plaque stenosis and mineralization or the plague components (51). When
ultrasound imaging is used the acoustic shadowing (AS) because of attenuation of ultrasound beam
can affect the image quality behind the calcified structure (51, 52). In the current literature there are
only few studies that have published the effect of AS (51, 53). In plague GSM measurements,

calcified regions within the plaque or in the opponent wall can cause AS and influence the GSM
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results (53, 54). The GSM can indicate the instability of the plague (echo-lucent or echogenic). The
GSM scale ranges from 0 (black/blood) to ~250 which indicates highly calcified regions. The threshold
for the difference between stable or unstable plaques varies somewhat between studies, the GSM

cutoff can be from 32 to 50 for echo-lucent and for echogenic above ~200 (55-57).

Andersson et al. (18) reported that plague GSM and plaque area are partly influenced by different
risk factors, e.g. body mass index and high density lipoprotein (HDL) cholesterol have more influence
on plaque GSM while inflammation would be more related to plaque area/size. The relationship
between plaque area and age has proved to be strong. Increasing plaque area gives increased risk of
myocardial infarction, stroke or other vascular death diseases than smaller plaque areas (58). In
plague area measurements the cross sectional image of the longitudinal view can be used where the
plague boundaries are traced to define area of each plaque. The total plaque burden can then be

estimated as the sum of all plaque areas within the subject or arteries (1, 17, 47).

There are studies that have assessed reproducibility for both plaque area and GSM (17, 18, 59). It
has been implied that measurements on near wall of carotid artery would be more difficult and less
accurate than measurements in far wall possibly due to different order of the arterial layers to the
incoming ultrasound beam (60, 61). Most recent studies measure both near and far wall of the

common carotid artery either for the intima media thickness or plaque measurements (17, 47, 62).

Several different imaging modalities have been used to measure plaque changes over time in the
carotids. In a study by Migrino et.al (44) MRI showed regression of plaque size in the CCA after 6
months statin therapy which was not detectable on CCA Ultrasound (US) images. Also, two studies
measuring the effect of statin therapy on plagues with two different imaging modalities MRI and FDG-
PET imaging, the difference in plaque size as an effect of statin was detectable with both modalities
but FDG-PET detected the changes sooner or after 3 months but MRI after 12 months (63, 64). This
suggests that FDG-PET is most sensitive in early CCA plaque detection followed closely by MRI.

A comparison between the imaging modality and histology from assessing tissue after
endarterectomy has been made to measure accuracy of the imaging method in the assessment of
plague composition (3, 65-67). Examples of imaging modalities that have been used to image the

carotid arteries are briefly reviewed in the following sections.

1.4.1 Magnetic resonance imaging (MRI)

Magnetic Resonance Imaging has been used from the early seventies and since then technical
improvements have been extensive for all kinds of diagnostic imaging (68). This imaging modality
provides highly detailed anatomy of the internal organs. One type of MRI that specially highlights the
arteries or the circulatory system in the body including the carotid arteries is Magnetic Resonance
Angiography (MRA) (69). The advantage with MRI is its high contrast resolution; it can reliably
distinguish difference between tissues with similarities in their characteristic (70). Magnetic resonance
imaging can be used to image the morphology and composition of atherosclerotic plaques (71). The
spatial resolution of MR images is lower compared to CT images (70). Measurements with MRI of
carotid plaques has proven to be well reproducible but has the disadvantage of being relatively time

consuming, expensive and not all subjects can undergo MRI examination because of contraindications
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including peacemakers, cochlear implants, nerve stimulators, ferromagnetic clips, prosthetic heart
valves and claustrophobia (72). Magnetic resonance imaging can detect whether atherosclerosis is
present, it has been used to measure the lipid core and fibrous cap of plagues in the CCA and

compared to histological findings with good agreement (73, 74).

1.4.2 Computed tomography (CT)

Computed tomography was first used in clinical practice in early seventies and the technical
development has been enormous and is constantly progressing. In the past, CT of the carotids has
primarily been used to detect and estimate the degree of vessel lumen stenosis. However, recently it
has been used increasingly for the assessment of plaque size and composition by using the
Hounsfield Unit (HU), a measure of the density of the component (75-77). The HU scale ranges from
+1000 HU where 0 corresponds to the density of water, objects composed of more fat ingredients
have negative values on the HU scale and bone or highly calcified regions have positive values up to
1000 HU (78). Spectral CT can distinguish between water, lipid, iron and calcium which are
components of vulnerable plaques and there has been found a good coherence between histology
and CT images of plaque surface (67). The advantage of measurements of carotid plague volume
and composition using CT is the high spatial and temporal resolution (70, 77, 79, 80). Limitations of
CT in general include dependence on high doses of ionizing radiation although this depends on
different types of CT studies (81).

A study by de Weert et al. (76) reported the variability between three observers with intra class

correlation (ICC) for repeated volume measurements of plaques ranging from 0.53 to 0.96 (76).

1.4.3 Positron Emission Tomography (PET)

Positron Emission Tomography (PET) is a functional imaging modality that provides images of
biological process to look for diseases or abnormalities by using radionuclide tracers which are
connected to a carrying biologic molecule. In the early sixties the simplest form of single-PET scan
was introduced and in early seventies the 2D PET scan appeared. Today the PET scan can provide
three dimensional images (82, 83). This imaging modality uses various positron emission radioactive

f '8(F)-fluorodeoxyglucose (**F-FDG) which was introduced in the

compounds or tracers. The use 0
early eighties and the (lBF-FDG)-PET imaging modality is commonly used in arterial plaque

measurements to measure plaque progression or eruption (84-87).

The advantages of PET include that earlier stages of diseases can be visualized on molecular
basis because of the use of radioactive materials or nuclear medicine (18FDG) (84, 86, 88). The
limitations of PET imaging include poor spatial resolution which makes accurate anatomical location of
disease difficult. However, this can be compensated for by co-registering PET images with another
imaging modality with higher spatial resolution, e.g. MRI or CT (87, 89). Further, the use of
radionuclides is expensive due to high cost cyclotrons that are needed to produce an appropriate
radionuclide with short live time which is made to reduce the ionizing radiation as possible (82).
Measurements of plaque in CCA with PET/CT have shown to have a good reproducibility with

correlation within and between repeated measurements ranging from 0.95 to 0.98 (90).
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1.4.4 Catheter Angiography

Catheter Angiography has been used since early 20" century and the x-ray angiogram of the
carotid arteries gives information about degree of stenosis or the luminal diameter implying the
atherosclerotic disease. This imaging modality doesn’t provide information about the composition of
the plague although it can be used to measure plaque size (87, 91). This is an invasive method that
uses contrast medium to view normal and abnormal flow of the circulatory system. The injection is
straight into the artery of interest through the catheter that has been placed in the artery (vessel) (28).
Since angiography is an invasive method there are some contraindications and/or risk factors
associated with it. Patients that are allergic to iodine contrast medium, blood clotting disorder or
impaired renal functions can’t undergo the angiography. Including formation of embolus or infections
at the puncture side or bleeding are fairly common side effects with catheter angiography. Another
factor to consider during angiography is the ionizing radiation. Angiography uses fluoroscopic
equipment and to minimize the ionizing radiation it's necessary to keep the fluoroscopic time to
absolute minimum. It is also important to be very precise in collimation, and if possible to use lead
shields (28).

1.4.5 Intravascular ultrasound (IVUS)

The Intravascular ultrasound (IVUS) is an invasive modality that has been used when plaque can’t
be detected or visualized in catheter angiography. Intravascular ultrasound uses probe that is
miniaturized and placed on the end of a catheter. The catheter goes into the arterial lumen and the
endothelium and surroundings can be visualized (92, 93). In carotid angioplasty the utility of IVUS has
been proved to increase the accuracy in the assessment of plaque or stenosis and should therefore
be the modality used when evaluating carotid stenosis with catheter based intervention (94). Another
IVUS imaging modality that can color map the plaque depending on the tissue type is the Virtual
Histology (VH) IVUS, this method can give information about the composition of the plague e.g. with
histological components. Virtual Histology Intravascular Ultrasound color-cods the plaque into four
colors that correspond to the composition (fibrous, fibro fatty, calcified and necrotic lipid core) of the
plague and the images acquired correspond to the different histological components of the plaque. A
comparison between assessments of plaque in common carotid artery with VH IVUS and histological
findings after endarterectomy resulted in strong correlation with high accuracy ranging from 72.4% to
99.4% (66). Intravascular ultrasound imaging studies have shown that lipid-lowering therapies using

statin change plaque composition over time making it more stable (95, 96).
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1.5 Vascular ultrasound

Ultrasound has been developing for several decades in diagnostic imaging (97, 98). Ultrasound is
convenient for screening populations because of the real-time visualization the short acquisition time,
availability, low cost and it does not use ionizing radiation (99). Ultrasound transducers transmit
pulses of sound-waves on different frequencies depending on the organs or objects that are of
interest. Ultrasound images are reconstructed from echoes of ultrasound waves that reflect from
tissue boundaries and small irregularities within tissues. The main cause of this reflection of the
sound waves is the difference of the sound speed in different elements (tissues) where the tissue
density is an important factor. From these echoes a scaled map of echo-producing features is
produced to display cross sectional image that corresponds to the spatial origin in the body. There are
various types of transducer for different applications. The phased array transducer with narrow field of
view near the probe but gives wide image deeper in the body is mainly used for cardiac imaging. The
linear array transducers are commonly used and can either be linear or curvilinear (Figure 5). Linear
transducers have a rectangular field of view that is wide close up to the probe and are therefore
suitable for superficial organs like the common carotid artery. Curvilinear transducers share the
benefit of wide view at the surface but the field of view becomes wider with depth and is therefore

suitable for abdominal imaging (100).

Linear Curvilinear

Figure 5. Linear transducers, picture from; (100)

There are three main modalities in ultrasound imaging, namely A-, B- and M-mode modalities.
What modality to use depends on the object imaged (100). A-mode or the amplitude mode does not
have a cross sectional display, it is a simple ultrasonic display where the ultrasound pulse is
demonstrated as a horizontal line that deflects vertically with the amplitude of the echoes and gives
the distance of the targets as a function of time (100).

B-mode or the brightness mode is constructed from echoes as explained earlier and is a cross
sectional image of the organ boundaries. The strength or the amplitude of the echo at each point
gives the image brightness (100). When B-mode imaging is applied there are two pieces of
information used to display each echo in a position corresponding to that of the interface (target) that
is the orientation and the position of the ultrasound beam and distance of the target from the
transducer. The amplitude of the echo is demonstrated as the brightness of the image (100).

With increasing frequency and hence shorter wave length the resolution is improved but the
penetration is lowered. Commonly used ultrasound frequency for superficial arteries ranges from 5 to

18 MHz (99). The bandwidth of a transducer is the range of frequencies the transducer can operate.
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The image quality of each frequency is contingent on the band width of the transducers. Signal to
noise ratio can be altered by changing the length and shape of the transmitted pulse (101). In
ultrasound imaging there is a significant difference in the attenuation coefficient for calcified plaque
versus soft plaque composed of more lipids (fibrous tissue and hemorrhagic material) attenuation can
be measured in units of decibels per unit medium length (dB/cm). The attenuation coefficient for soft
regions at frequencies of 2.5~7.5 MHz are 0.3~1.3 dB/cm/MHz while for calcified regions the
frequencies are between 1.4~2.5 dB/cm/MHz (102).

The M-mode (motion mode) uses echoes to control the brightness of the image as B-mode does.
The beam in M-mode remains fixed while each pulse corresponds to a vertical line on the image
(display) and targets moving to or from the transducer show change in their vertical position while non-
moving targets remain fixed (producing horizontal line) (100).

As mentioned before the ultrasound technology has been developing and the possibility of three
dimensional (3D) ultrasound imaging has been of interest by the commercial companies and the
researchers (103, 104). Today many manufacturers of ultrasound systems include the option of
image volumes, i.e. acquire images in 3D. In B-mode imaging the acquired data is just a single image
or clips but in the 3D setting there is a volume of data acquired at a time. If needed the operator can
work with the volume and reformat it into a 2D image although the 2D image could include data that
were not accessible when using conventional 2D B-mode imaging so the pathology can be assessed
and the volume quantification is more accurate (103, 105, 106). When compared to other imaging
modalities like MRI or CT the ultrasound imaging is less expensive, noninvasive does not use ionizing
radiation and is generally more comfortable for the patient. Despite these advantages of the 3D
ultrasound it's not yet a commonly used technique for routine examinations of the carotids due to
technical limitations including the absence of software that supports accurate measurements (104,
106).

There are various sources of errors and image artifacts in ultrasound including observer (human)
errors, which can be caused by inappropriate training or lack of experience to follow standard
procedures. It can be difficult for the observer to make pathological diagnosis from the 2D ultrasound
image of the 3D anatomy (103). A common error is when observers acquires oblique images of an
organ instead of transverse or longitudinal images; this could lead to overestimation of the
organ/target size (100). A protocol can be standardized and training increased to minimize the human
error while careful selection of ultrasound equipment is also important. The real time use of zooming
and magnification during acquisition is important since a magnified image will have more pixels per
unit area. The lateral beam width can cause error; it can be reduced by optimizing the focal settings
so the region of measurements has the best spatial resolution. Improving the spatial resolution can be
achieved with higher ultrasound frequencies. The gain has an effect on image quality and contrast;
the gain refers to the amplification applied to receive echoes. Due to rapid technical developments it
is easily adjusted on the equipment (100). Low gain settings can cause reduction in received echoes,
while too high gain settings can lead to hyper bright image due to noise and reduction in contrast

resolution. Hence appropriate adjustments of the gain settings by the operator are essential. Proper
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use of depth, focusing and magnification controls are important so the target can be optimally resolved

and large within the field of view.

1.6 The Icelandic Heart Association

The Icelandic Heart Association (IHA) is a nonprofit organization initiated in 1964 and was founded
to battle cardiovascular disease in Iceland. In 1967 the population based research studies by IHA
started with the Reykjavik Study to identify risk factors for the development of heart- and
cardiovascular diseases in the Icelandic population (107, 108). In the Reykjavik Study, individuals
born in 1907 to 1935 were selected randomly of those with residence in the Reykjavik area a total of
30.795 individuals (109).

The Age/Gene Susceptibility Environmental Reykjavik Study (AGES-Reykjavik) is derived from the
Reykjavik Study. It is carried out in collaboration with the IHA and the National Institute on Aging
(NIA), The United States of America (USA). The AGES-Reykjavik Study is funded by the National
Institute of Health (NIH), USA which is a part of the American ministry of health (107) and the
Icelandic Parliament (Alpingi). The cross-sectional (baseline) part of the AGES-Reykjavik Study was
carried out from 2002 to 2006 including 5764 participants of the 11.549 living individuals from the
Reykjavik Study. A longitudinal follow-up of the AGES-Reykjavik Study, including almost 3600 of the
same individuals was carried out from 2007 to 2011 with a mean follow-up time of 5.1 years. Harris et
al. (109) and Saczynski et al. (110) have described the initial assessments of the cohort. The aim of
the AGES-Reykjavik Study was to investigate environmental and genetic factors contributing to clinical
and subclinical aging-associated diseases. The study includes multi-modality assessments on four
main biological systems that is neurocognitive, musculoskeletal, body metabolism and the cardio-

vascular system (111).

The Risk Evaluation For Infarct Estimates (REFINE) was initiated in late year 2005 and took off
with full capacity in early 2006 and was carried out until spring 2011. The aim of the REFINE Study is
to improve the predictability of risk factors for developing cardiovascular diseases. The cohort was
composed of participants randomly selected from the greater Reykjavik area, aged between 20 to 69
years. The recruitment rate in the cross-sectional (baseline) part of the study was ~76% with a total
number of participants of 6942 (112). A first longitudinal follow-up component of the REFINE Study,
including almost 1331 of the same individuals was carried out from spring 2010 to early 2012 with a
mean follow-up time 4.4+0.2 years. The REFINE Study includes examination on conventional
cardiovascular risk factors including, blood pressure, cholesterol/lipids, blood glucose, anthropometry
and questionnaire on general health (113). A subgroup of participants in the AGES-Reykjavik Study
and all participants in the first follow-up component of the REFINE-Reykjavik Study underwent an US
examination of the carotid arteries where an assessment of both the carotids IMT and carotid plaques

was carried out.
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2 The aim

The main aim of this study was to answer the question; “Can ultrasound both acquisition and image

analysis be used to estimate changes in plaque area and GSM over time in a reliable manner?”
Hypothesis 1

A novel methodology based on ultrasound can be used to estimate changes in plaque size and

composition over time. This was addressed by the following specific aims:

1.1. Specific aim

Ultrasound studies from 219 individuals who had measured plaque approximately ~5 years apart
were used to setup and adapt both the ultrasound acquisition and the image analysis.

1.2. Specific aim for image analysis

The variability in image analysis was addressed by measuring the reproducibility in two subgroups.
From the AGES-Reykjavik Study 25 subjects were selected and 10 from the REFINE-Reykjavik Study.
The images were read twice by three sonographers (two sonographers for each study subgroups) with

one week in between reading sessions for the assessment of intra — and inter observer variability.
1.3. Specific aim for ultrasound acquisition variability

The variability of the ultrasound acquisition was addressed by re-imaging 20 subjects from the
REFINE-Reykjavik Study group, after a few minutes “stand-up” pause between the two imaging

sessions. Images from the two sessions were read by the same reader and variability calculated.
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3 Material and methods

3.1 Population

This study was based on two selected subgroups from two study cohorts. One from the AGES-
Reykjavik Study (AGES), were ultrasound was used to set up and adapt the plaque imaging analysis
methods and also to estimate reproducibility of the reading process, and another subgroup of younger
population from the REFINE-Reykjavik Study (REFINE) for further evaluation of the reading

reproducibility and ultrasound acquisition reproducibility.

3.1.1 The AGES-Reykjavik Study

A random sample of 219 subjects (75 men mean age=75.8, SD=4.8 and 144 women mean
age=75.4, SD=5.2) with known carotid plagues from ultrasound in the baseline part of the AGES-
Reykjavik Study was selected for a Visit2 (follow-up) ultrasound. The Visitl (baseline) ultrasound data
was acquired between May 2003 and September 2005. The follow-up data was acquired between
February 2009 and February 2010. There were on average 5.2 years between the baseline and
follow-up visits. All the subjects gave informed consent. Before the studies were initiated, approvals
from the Ethics committee and National Bioethics committee were acquired (see Appendix IIl). Data
for conventional cardio-vascular risk factors were collected for all the same individuals at baseline and

follow-up to estimate interactions of plaque size and risk factors.

3.1.2 The REFINE-Reykjavik Study

A random sample of 10 subjects selected from the REFINE Study (7 men mean age=62, SD=2.9
and 3 women age=60, SD=5.7) with known carotid plaque from Visitl (baseline) was selected for
Visit2 (follow-up) ultrasound. The baseline ultrasound data was acquired in April 2006 and May 2006.
The follow-up data was acquired in September 2010. There were on average 4.5 years between the
baseline and follow-up visits. All the subjects gave informed consent. Before the study was initiated,
approvals from the Ethics committee and National Bioethics committee were acquired (see Appendix
IV). Data for conventional cardio-vascular risk factors were collected for all the same individuals at

baseline and follow-up to estimate interactions of plaque size and risk factors.

3.2 Training and certification of sonographers in p laque assessment

There were three sonographers all qualified radiographers that performed the ultrasound
acquisition and reading of images in this study. All of them received the same training before they
initiated the reading for the reproducibility measurements. A Training and certification procedure for
the plaque imaging analysis for the sonographers is described in detail in (Appendix I). In brief the
training process consists of few steps; 1) the sonographer in training observers the whole reading
process with a certified sonographer, 2) thereafter he/she analyses plaques of 10 to 20 subjects with a

certified sonographer and 3) he/she is required to analyze plaques in 10 subjects that have been
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selected as dataset for certification and meet the following statistical criteria; Correlation should be
above 0.8, the coefficient of variation should not exceed 13% for intra and inter observer variability
(Appendix ). Sonographerl participated in all readings and acquisition in both the AGES and REFINE
groups, sonographer2 participated in the reading reproducibility assessment in the AGES group
(n=25) and sonographer3 participated in the reading reproducibility in the REFINE group (n=10).
Results by sonographerl were considered as the reference (gold standard) due to extensive
experience in ultrasound of the carotid arteries (5 years and previous assessment of ~3000 number of

carotid plagues).

3.3 Ultrasound image acquisition

The ultrasound acquisition was performed using an Acuson, Sequoia C256, (Siemens Medical
System, Erlangen, Germany) with 8-MHz, 2D linear array transducer. To achieve this, a workstation
with K-PACS V1.5.0 DICOM image software was used to view images from Visitl (baseline) prior to
and during Visit2 (follow-up) acquisition to acquire comparable Visit2 images see (Figure 6). The gain

was adjusted on the Visit2 scans so the GSM would be comparable to Visitl images.

Figure 6. The setup for the acquisition, the ACUSO N sequoia and a computer with the K-PACS
viewing software.

The ultrasound transducer/probe is directed at the neck, focusing on the carotid artery at a certain
angulation which is seen on the Meijer's Arc (114). The Meijer's Arc is used to standardize the
circumferential scan of the left and right carotid artery in order for the images to be acquired at the
same angle at Visitl and Visit2. The angles used were 180° 150¢ 120°and 90° for the right carotid
artery and 180° 210°% 240°and 270°for left carot id artery (Figure 7). All subjects were examined in
the supine position with the head slightly leaned to the right when scanning the left common carotid

and vice versa when scanning the right common carotid artery.
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Figure 7. Meijer's Arc used to standardize the cir  cumferential scan of the common carotid
artery.

The ultrasound scan was performed on the common carotid artery (CCA), bifurcation and the
internal carotid artery (ICA). Longitudinal B-mode images of the near and far wall were acquired of
both sides. Lateral view image includes CCA, bifurcation and internal carotid artery (Figure 4 and

Figure 8).

Figure 8. Optimal angle of the CCA; Internal carot  id artery, external carotid artery, bifurcation
and common carotid artery.

A transverse scan was also acquired to help with the interpretation of findings in general and to
avoid false plaque interpretation due to tangential scan planes of the plaque in the longitudinal views
(Figure 9). The definition of plaque presence was that the area with intima-media thickness (IMT) was
required to be at least 50% thicker than the normal neighboring sites based on visual assessment, a
commonly used definition (115). A longitudinal clip was captured of each plaque where the plaque

appeared largest in area. Each clip consisted of approximately 60 to 120 frames/images.

32



-
-
—

Left common carotid artea?"_

Figure 9. Transverse image of the left common caro  tid artery.

3.4 Image analysis

Digital images from the ultrasound acquisition were analyzed on a workstation using the Artery
Measurement System (AMS) software designed by Prof. Tomas Gustavsson, (Chalmers University of
Technology, Department of Signals and Systems, Goteborg) while the K-PACS V1.5.0 software was
used to simultaneously compare baseline images to the follow-up images, side by side. Plaque

boundaries were traced with a cursor on the screen (Figure 10).

Figure 10. Internal carotid artery, external carot  id artery, bifurcation and common carotid
artery with traced plaque boundaries.

Plaques present on Visitl images were traced first. From the image clip of each plaque in a
longitudinal view, an image frame was selected where the plaque appeared largest in area with clear
boundaries. When saving the image frame the anatomical location of the plaque was indicated in the
filename. This information was then extracted from the filename into tables stored in IHA's central

database. The anatomical location of the plaque was divided into the following 6 segments of the
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region of interests; proximal and distal CCA far wall, proximal and distal CCA near wall and ICA both
near and far walls (Figure 11). If a plague extended over more than one anatomical segment the
plague name was assigned to the proximal parts of the plaque. This mechanism of assigning each
plague into a defined anatomical location made it possible to assess longitudinal changes in the same
plague from two time points, allowed an estimation of the influences of acoustic shadowing on far wall

measurements and last but not least allow an investigation of different plaque locations have different

risk profiles.
| Internal Carotid artery
/\ ICA =]

External

carotid | ECA

artery — [

5|16
2 4
Far wall 3 Near wall 1. Proximal CCA far wall
2. Distal CCA far wall
3. Proximal CCA near wall
4. Distal CCA near wall
cca Common Carotid artery 5. 1CA far wall
6. ICA near wall
Figure 11. Simplified diagram with optimal angle of the common carotid artery (CCA)

bifurcation, external carotid artery (ECA) and inte  rnal carotid artery (ICA); for the
location of plaques, the region of interests in the carotid artery was divided into six
different segments that plaques were assigned to.

For the plaque analysis the AMS software automatically generates values that reflect the area and
composition of the defined plaques. The software carries out Gray-Weale analysis for classification of
the plague composition (116). For the Gray-Weale analysis, the grey scale of each frame was
calibrated by choosing black (0) for vessel lumen (no plaque). The grey-scale gradually increases for
echo-genic plagues with a maximum value of (256) indicating vessel/wall with more calcified area.
Following the calibration and tracing of the plaque boundaries the program automatically assigned
each plaque into four composition classes based on grey scale in pixels compromising the plaque:
Class 1; composition of the plaque is fat/lipid or not calcified, class 2; calcified up to 25%, class 3; up
to 75% is calcified and class 4; 75-100% is calcified. Visual classification was also made which

depended on the density of the plaque (Figure 12).
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Figure 12. AMS software — Descriptive values andt  he classification of the plaque composition.

The plaque area (mm?) was computed by the AMS software depending on the pixels within the
traced region. Within each subject the sum of all traced plaque areas were made for Visitl and Visit2
separately.

When tracing plagues from Visit2 the traced plaque from Visitl was made visible on a separate
computer monitor, allowing side by side comparison of the baseline and follow-up plaques. If multiple
plagues were visible the same process was made for each plaque. The output from the software in
addition to the plaque information in the text file was then loaded into the central database.
Information on the participant identity, plaque either from Visitl or Visit2, plague side R (right) or L
(left), frame number chosen from the clip, image angulation, plaque number depending on the
anatomical location and reader initials was entered into the filename. The detailed acquisition and

reading protocol for the plaque analysis at IHA is in Appendix .
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3.5 Reproducibility for plaque area and GSM measure  ments - AGES-
Reykjavik and REFINE-Reykjavik studies

The reading variability within and between sonographers was measured using images from the two
groups, first on AGES (n=25) and second, in the REFINE group (n=10). The 25 subjects from the
AGES group used in the reproducibility assessment were selected from the group of 219 subjects
based on total plaque burden. The total plague burden in the group of 219 subjects was divided into
five equal quintiles and then five subjects from each quintile randomly selected (Figure 13). The 25

subjects selected were read twice by two sonographers with at least one week in between readings.

AGES-REYKJAVIK
(Feb 09 over 12 months)

n=218 M=r5 and F=144

Y
Total plague burden at

Visit! (n=2189)

I

Divided into & equal quintiles based on total

plague burden at Visit1

L N\,

Esubjects | | Gsubjects | | Esubjects E subjects Eoubjects jm——r

Reproducibility
measurements (n=25)

Figure 13. The cohort used for the reproducibility measurements were randomly chosen from
the 219 in total depending on plaque burden at Visi  t1. Where M=male and F=female
and n=number of participants.

From the REFINE study group, ten subjects were chosen randomly regardless of the total plaque

burden although all subjects were required to have plaque present at Visit1.

3.6 Reproducibility of acquisition in the ultrasoun d imaging

A reproducibility assessment for the ultrasound acquisition process was made for the REFINE
group where twenty individuals had two sequential imaging sessions with a pause in-between were
the participants were allowed to stand up for a short while and then lie down on the examination couch
again before the repeated imaging. The images were read twice by the same sonographer
(sonographerl). The reading was carried out in the same manner as in the intra variability estimates

described above except that the analysis was only based on Visit2 examinations.
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3.7 Possible shadow effect from plaque in near wall
To test the possible effect of acoustic shadowing from plaques in near wall on the analysis of

plague in far wall a comparison was made for all subjects within the AGES study group (n=219).

When sound wave travels through highly calcified plaque, the plaque may have reduced the energy
of the forward traveling sound wave so that subsequent (more distant) plaque e.g. plaque in far wall
have weaker backscatter than should be expected. In this study, calcified plaques in proximal near
wall could cause shadow effect on subsequent plaques in the proximal far wall. This can prevent
detection of plaques in far wall, reduce estimation of plaque area and/or alter the GSM estimate.
Hence, presence of shadow effect from plaques in near wall could influence the estimated total plaque
burden and GSM of plaques in far wall. Prevalent shadow effect might influence estimates of plaque
area and/or plaque GSM in far wall compared to clear near wall. To evaluate if the shadowing effect
was influencing the results, a comparison was made on all proximal plaques in far wall with or without
plagues in proximal near wall. The comparison was limited to the proximal part of the bifurcation to

increase the certainty that plaque in near wall is opposite the plaque in far wall.

3.8 Statistical analysis
All statistical analysis and graphical presentations of data were made with the R-statistical software
Version 2.12.1 (117).

3.8.1 Characteristics

Average age, body mass index (BMI), LDL, Cholesterol (Chol), CIMT, plaque burden and GSM of
the subjects, sub-sampled from the AGES Study, for the plaque reproducibility analysis (n=25) was
compared with the average of the remaining subjects (n=194) from the AGES Study using Student’s t-

test.

Frequencies of ever-smokers and of hypertension (HTN) within the sub-sample (n=25) and the
remaining subjects (n=194) were compared with Pearson's Chi-squared test (118) to test if they were

independent.

To compare differences between visits in longitudinal plaque estimation with differences between
repeated readings in reproducibility estimation, the 25 subjects used in the reproducibility
measurements were selected from the longitudinal study. For each individual the difference between
Visitl and Visit2 was calculated and also the difference between the two observations in the
reproducibility estimates. The mean difference, standard deviation and 95% confidence intervals were

calculated for each approach.

Changes in plague area and GSM between visits by age-group were presented in a boxplot (119)
where the frequency distribution is presented graphically by showing the median as a thick horizontal
line between two squared boxes that represent the first and third quartiles of the frequency
distribution. Further the outer most point of the likely range of variation (inner quartile range * 1.5) is

shown as whiskers and suspected outliers as empty circles.
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For the changes in plaque area and GSM between visits a single-classification analysis of variance
(ANOVA) was used to examine if there is added variance component among age-groups. The
longitudinal changes from baseline to follow-up were described as the mean difference between

baseline and follow-up shown as the % of the baseline as shown in following equation:
F-B

Where F = Follow-up value and B = Baseline value.

3.8.2 Plaque area and GSM calculations
The total plague area in each subject was calculated as the sum of the area of all measured plaque

within the subject using the following equation:

A=Y"(a) @

Where | = individual subject, A = plaque area, p = each plaque within subject. This was estimated

separately within each subject for Visitl and Visit2.

The mean plague GSM of each subject weighted with plaque area was calculated using the

following equation:

GM, = Z:’:l(iSM 07 @)
>

Where | = Individual subject, p = each plaque within subject, GSM = greyscale median, A = plaque

area. This was estimated separately within each subject for Visitl and Visit2.

3.8.3 Variability estimates

For intra- and inter observer variability, the mean difference in total plague area (A) and mean
GSM, between observations was assessed with the bland & Altman (120) method with 95% confidence
intervals (95%CIl). Disagreement plots show the difference between two observations as a function of
the average of the observations where vertical lines show the mean, +2 standard deviations (SD) and

95%CI of the mean difference.

For intra and inter sonographers readings the comparison between observations was shown in
scatterplots with linear regression. Spearman's rank correlation coefficient (rho) was used to measure
intra- and inter observer correlation with bootstrapped (121) (10 000 re-samplings) 95%CI. Percent
coefficient of variation (CoV) gives the dispersion of the variables. Low CoV indicates less dispersion

of variables. For two observations the CoV was calculated using the following equation:
D
CoV% = i *100 3
X1+ X2
2
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Where SD = standard deviation of the difference between observation1l and observation2, X1 =
average of observation 1 and X2 = average of observation 2. A paired student t-test (117) were
performed to estimate whether there was a statistical difference between observations. Statistical

significance was set at p<.05.

3.8.4 Shadow effect

For all subjects within the AGES study group (n=219) the proximal plaques in far wall were divided
into two groups; a) plaque present in near wall, b) plaque absent in near wall. Frequency distributions
of measurements from each group were presented graphically in a boxplot and Students t-test was
used to estimate if there was a significant difference between the averages of the two groups.

Significance was set at p<.05.
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4 Results

4.1 Characteristics of the AGES Reykjavik Study gro  up used in the
reproducibility measurements

The baseline (Visitl) characteristics for the 219 subjects (75 men, mean age=75.8, SD=4.8 and
144 women, mean age=75.4 SD=5.2) are shown in Table 1. The characteristics are shown separately
for the 25 subjects selected for the setup and validation of the method and the remaining 194 subjects
in the group of 219. The mean time from the baseline (Visitl) to the follow-up (Visit2) was 5.2 years
(SD=0.2). The mean total plaque area and GSM for all subjects at Visitl was 49.42 +31.88mm? and
68.29+16.14 respectively. The mean total plague area and GSM for all subjects at Visit2 was
60.39+34.72mm? and 65.82+13.95, the percent difference from Visitl to Visit2 for each age-group is
shown in Table 2. Total number of plaques at baseline was 657 or on average 3 plaques per subject,
while at follow-up the total number of plaques was 757 or on average 3.5 plaques per subject. The
group of 25 subjects used in this study did not differ statistically significantly from the group of 194 for

any of the subject characteristic parameters (Table 1).

The mean difference between Visitl and Visit2 (the longitudinal plague changes) for the 25
subjects that were used in the reproducibility measurements for plaque area was 11.10 with 95% CI
6.32 to 15.88 and SD=11.57 and for plaque GSM -0.92 with 95% CI -5.90 to 4.10 and SD=12.06.
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Table 1. Characteristics for the 219 subjects at V  isitl. Categorical variables are presented in
percentages and continuous variables are presented as (mean +SD) **.

Subjects (AGES) in plaque The remaining subjects from
reproducibility analysis AGES
N=25 N=194
Male Female Total Male Female Total P -

(n=9) (n=16) (n=25) (n=66) (n=128) (n=194) value

Age-groups 0.71*
-69 2 3 5 5 25 30
70-74 2 4 6 20 33 53
75-79 1 4 5 25 41 66
80-84 4 5 9 14 24 38
85+ 0 0 0 2 5 7
BMI (>30 12.00 8.00 20.00 6.20 16.50 22.70 0.484
kg/m?) %
Hypertension 36.00 52.00 88.00 26.80 49.50 76.30 0.285
*** (mmHQg) %
LDL (mmol/L) 3.48 3.61 3.57 3.3 3.8 3.63 0.770
(x0.60) (x1.05) (x0.90) (x0.97) (£1.2) (£1.2)
Chol (mmol/L) 5.31 5.88 5.68 5.20 6.10 5.76 0.670
(0.70) (x0.99) (£0.92) (£1.0) (£1.1) (£1.2)
Eversmoker % 16.0 28.0 44.0 24.7 39.2 63.9 0.087
CIMT (mm) 1.09 0.97 1.01 1.02 0.97 0.99 0.303
(£0.11) (x0.10) (£0.12) (x0.14) (x0.14) (x0.14)
Plaque burden 49.87 47.74 48.51 50.68 48.95 49.54 0.890
(mm?) (x29.46)  (£38.54) (¥34.91) | (£28.88) (£32.95) (+31.56)
GSM (grey 64.68 67.41 66.43 67.20 69.20 68.52 0.480
scale median) (¥17.03) (#11.22) (¥13.31) | (¥16.30) (*16.60) (+16.50)

* p-value for age-groups is based on t-test comparison on the mean age of both groups.

* mmHg =millimeters of mercury; mmol/L =millimoles per liter; mm=millimeters; mmzzsquare
millimeters; (SD)=Standard deviation of the mean; LDL and cholesterol measured in serum;
CIMT=carotid intima media thickness. P-value <0.05 indicates a significant difference between the
selected group of the 25 subjects in the reproducibility measurements and the remaining 194 subjects

from the group of 219.
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***Hypertension (HTN) is defined from either the use of hypertension medication or from self reported
questionnaire derived from physiological measurements (systolic blood pressure, diastolic blood

pressure).

4.2 Changes in plaque area and GSM between Visitl a nd Visit2 within

age-groups (n=219)

The changes from Visitl to Visit2 showed the trend of increasing difference in plaque area with
higher age-group. The increasing difference with higher age-group is not entirely consistent as
especially in the oldest age-group where the increase in difference is far less than in younger groups.
Changes in plague GSM from Visitl to Visit2 showed no consistent change by age-group although the
oldest age-group was different from the others by far more negative difference in GSM (see Table 2).
Single-classification analysis of variance (ANOVA) for changes in plague area between visits showed
that there was an added variance component with increasing age-group (p=0.00251) but not for
changes in plaque GSM (p=0.7124). The mean difference between Visitl and Visit2 within subjects
both for plaque area and GSM respectively are shown in (Figure 14 and Figure 15). It should be

noted that no adjustment for interventions (e.g. statin) was made.

Table 2. Longitudinal changes in plaque area and GSM between Visitl and Visit2 within age-groups
and the distribution of participants among age-groups

-69 70-74 75-79 80-84 85+
Age-groups Changes from Changes from Changes from Changes from Changes from
Visitl to Visit2 Visitl to Visit2 Visitl to Visit2 Visitl to Visit2 Visitl to Visit2
Participants (N) 35 59 71 47 7
Plaque area 15.3 134 21.7 23.1 4.3
(mm?) (%)
Plague GSM (%) -2.1 2.6 -0.5 -0.4 -9.5
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Figure 14. Boxplot showing the changes in plaque a  rea from Visitl to Visit2 in different age-
groups, red dot indicates the mean difference.
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Figure 15. Boxplot showing changes in plaque GSMf  rom Visitl to Visit2 by age-group where
red dot indicates the mean difference.

4.2.1 Numbers of identified plaques in intra- and i  nter- observer variability
estimation from AGES study group (n = 25)

Sonographerl identified 86 plaques in the participants from Visitl in both readings and 105
plagues in the same participants from Visit2, also in both readings. Sonographer2 identified 89
plagues in participants from Visitl first reading and 109 plaques in the second reading and 110
plagues identified from Visit2 first reading and 114 plaques in the second reading. The numbers of

identified plaques are summarized in (Table 3).
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Table 3. Number of plaques identified in intra- an  d inter-observer variability assessment.

Sonographerl Sonographer2

First reading  Second reading First reading Second reading

Number of plague Number of plaqgue  Number of plaque  Number of plaque

Visitl 86 86 89 109
Visit2 105 105 110 114

4.2.2 Intra observer variability — Plaque area

Variability assessment of repeated readings of plaque area from the AGES Study (25 subjects)
where each subject was analyzed twice by each sonographer, showed that sonographerl had a mean
difference between observations of -0.85mm?” (95%CI -3.88 to 2.18) and the correlation was 0.96
(95%CI 0.91 to 0.97). The CoV was 12.10% and there was no significant difference between
measurements (p=0.74). For sonographer2 the mean difference between observations was
-14.75mm” (95%CI -19.96 to -4.53) and the correlation was 0.89 (95%CI 0.80 to 0.94) respectively.
The CoV was 18.63% and there was a significant difference between measurements (p<0.0001)
(Table 4 and Figure 16). The slope and intersection of the regression line in the scatterplot indicate
that sonographer2 had tendency to measure the plague area bigger in small plagues in the second
reading compared to first reading (Figure 16d).

Table 4. Sonographer (1 and 2): Intra observer var iability for plaque area (AGES Study n=25).
Mean difference, Spearman’s rho, coefficient of var  iation (CoV%) and p-value of Visitl

and Visit2.
Total plaque area (mm?)
Mean diff (SD) Rho —r CoV % P-value
95% CI of mean 95%Cl
Sonographer1™vs. -0.85 (10.65) 0.96 12.10 0.74
Sonographerl2nd -3.881t0 2.18 (0.91to 0.97)
Sonographer2™' vs. -14.75 (18.34) 0.89 18.63 <0.0001
Sonographerz2nd -19.96 to -4.53 (0.80 to 0.94)
*Sonographer11§=sonographer1 first reading; Sonographerlﬁ":sonographerl second reading.

1st 2nd

*Sonographer2~'=sonographer? first reading; Sonographer2“"=sonographer2 second reading.

44



o
[¢0)
— | T-test: p-value = 0.7425
—~ O |  Cor-test: rho = 0.956
T © {cov=121%
§ ]
n o _| -
d ¢ 1
o . - ]
o E o
2 - 20.46 E «
Q <
o ]
2 o
o . <
NE  -0.85 g 8
= >
o - -22.16 g
3 s o
£ a2 ©
5 Q- . o)
c Y
<
2 8
= 8;*
‘ ‘ ‘ of—r—/—7F—"—T—T""T——TT—TT]T "7
50 100 150 0 30 60 90 1202 150 180
Observerl 1st (Area, mm
Mean area (mm2 ) observerl ( )
a.
b.
o
[¢°)
— | T-test: p-value = 1.079e-07
—~ O | Cor-test: rho = 0.892 ®
T © {Cov=186%
o o
) L0 ')
g 2 -
~— v . - 4
N 4
o E o .
2 ~ 21.94 g -
Q < — °®
9 ]
2 g
o < °
NE ;% g‘ - .. L)
L]
3 N ¢
8 2 “
° (@) e
= 1 @
% — -51.43 8< . °
L)
‘ ‘ ‘ o ———TT—TT—T—T—T— T
50 100 150 0 30 60 90 1202 150 180
2 Observer2 1st (Area, mm”)
Mean area (mm”) observer2
d.

Figure 16. a and c) Intra observer variability for plaque area — Sonographerland Sonographer2:
Disagreement plot (Bland-Altman) for plaque area difference. Difference between the two
observations (vertical axis) as a function of the average of the observations (horizontal axis)
where black dotted lines show the mean, +2 standard deviation and red dotted lines show
95% confidence limits of the mean difference. b and d) Intra observer variability for plaque
area — Sonographerl and Sonographer2; Scatter plot with linear regression line showing the
relationship between first observation and second observation.
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4.2.3 Intra observer variability — GSM

Variability assessment of repeated readings of plaque GSM from the AGES Study (n=25) where
each subject was analyzed twice by two sonographers, showed that the mean difference between
observations for sonographerl was 0.33 (95%CI -1.60 to 2.25) and the correlation was 0.90 (95%CI
0.81 to 0.94). The CoV was 7.77% and there was no statistical difference between measurements
(p=0.73). For sonographer2 the mean difference between observations was 1.80 (95%CI -0.25 to
3.85) and the correlation was 0.86 (95%CI 0.72 to 0.93). The CoV was 8.04% and there was no
statistical difference between measurements (p=0.08) (Table 5 and Figure 17).

Table 5. Sonographer (1 and 2): Intra observer var iability for plaque GSM (AGES Study n=25).
Mean difference, Spearman’s rho, coefficient of var  iation (CoV%) and p-value of Visitl

and Visit2.
Total plaque composition (GSM)
Mean diff (SD) Rho-r CoV % P-value
95% CI of mean 95%ClI
Sonographer1™ vs. 0.33 (6.77) 0.90 7.77 0.73
Sonographerlan -1.60to0 2.25 (0.81 to 0.94)
Sonographer2™' vs. 1.80 (7.20) 0.86 8.04 0.08
SonographerZan -0.251t0 3.85 (0.72 t0 0.93)
*Sonographer11§=sonographerl first reading; Sonographerlﬁ":sonographerl second reading.

*SonographeerSt:sonographerZ first reading; SonographerZZ”d:sonographerZ second reading.
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Figure 17. a and c) Intra observer variability for plaque GSM — Sonographerl and Sonographer2:

Disagreement plot (Bland-Altman) for difference in plaque GSM. Difference between the two
observations (vertical axis) as a function of the average of the observations (horizontal axis)
where black dotted lines show the mean, +2 standard deviation and red dotted lines show
95% confidence limits of the mean difference. b and d) Intra observer variability for plaque
GSM — Sonographerl and Sonographer2: Scatter plot with linear regression line showing
the relationship between first observation and second observation for GSM.

a7



4.2.4 Inter observer variability — Plaque area

Variability assessment of repeated readings between two sonographers of plaque area from the
AGES Study (25 subjects) was carried out using the second reading by each sonographer. The mean
difference between sonographers 1 and 2 was -14.33 mm? (95%CI -20.87 to -7.80). The correlation
was 0.81 (95%CI 0.67 to 0.89) and the CoV was 23.29%. The difference between sonographers was
statistically significant (p<0.0001) (Table 6 and Figure 18). The regression line shows systematic
difference between sonographers, where sonographer2 measures larger plague area than
sonographerl (Figure 18).
Table 6. Inter observer variability between two so  nographers for total plagque area (AGES

Study n=25). Mean difference, Spearman’s rho, coef ficient of variation (CoV%) and p -
value Visitl and Visit2.

Total plaque area

Mean diff (SD) Rho —r CoV % P-value
95% CI of mean 95%ClI
Sonographer1®™® vs. -14.33(22.99) 0.81 23.29 <0.0001
Sonographer2”™ -20.87 to -7.80 (0.67 to 0.89)
*Sonographerl™™ = sonographerl second reading; Sonographer2”™ = sonographer2 second reading.
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Figure 18. a) Inter observer variability plaque area — Sonographerl vs. Sonographer2: Disagreement
plot (Bland-Altman) for plaque area difference. Difference between the two observations
(vertical axis) as a function of the average of the observations (horizontal axis) where lines
show the mean, 2 tstandard deviations and red dotted lines show 95% confidence limits of
the mean difference. b) Inter observer variability for plaque area — Sonographerl vs.
Sonographer2: Scatterplot with linear regression line showing the relationship between
observers for total plaque area.
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4.2.5 Inter observer variability — GSM

Assessment of variability of repeated readings between two sonographers for plaque GSM from

the AGES Study (25 subjects) was carried out using the second reading by each sonographer. The

mean difference between sonographers 1 and 2 for plaque GSM was -1.00 (-3.13 to 1.13) and the
correlation was 0.87 (95%CI 0.76 to 0.93). The CoV was 8.55% and there was no significant
difference between sonographers (p=0.35) (Table 7 and Figure 19).

Table 7. Inter observer variability between two so
n=25). Mean difference, Spearman’s rho, coefficien

Visitl and Visit2.

nographers for plaque GSM (AGES Study
t of variation (CoV%) and p - value

Mean total plaque composition (GSM)

Mean diff (SD) Rho-r CoV%  P-value
95% CI of mean 95%CI
Sonographer1®™® vs. -1.00 (7.50) 0.87 8.55 0.35
Sonographer2™ -3.13t0 1.13 (0.76 to 0.93)

*Sonographerl™ = sonographerl second reading; Sonographer2”™ = sonographer2 second

reading.
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Figure 19. a) Inter observer variability for plague GSM - Sonographerl vs. Sonographer?2:

Disagreement plot (Bland-Altman) for GSM difference.

Difference between the two

observations (vertical axis) as a function of the average of the observations (horizontal axis)
where dotted lines show the mean, +2 standard deviations and red dotted lines show 95%
confidence limits of the mean difference.
Sonographerl vs. Sonographer2: Scatterplot with linear regression line showing the
relationship between sonographers for mean total GSM.
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4.2.6 Anatomical plaque distribution — The AGES Stu  dy

The study group of elderly individuals (AGES) had plagues most commonly in the proximal
bifurcation of the common carotid artery and the internal carotid artery both in near and far wall
although more common in near wall. Plaques were also found in the internal carotid artery but more

commonly in the far wall (Table 8).

Table 8. AGES n=25: Distribution of plaques at Vi  sitl and Visit2 stratified by location for
sonographerl first reading (n=number of plagques and % = percent of the total number

of plaques).
Visitl Visit2

Segments N % N %
1) Proximal cca far wall 19 33.9 22 31.4
2) Distal cca far wall 1 1.8 1 1.4
3) Proximal cca near 23 41.1 29 41.4
wall
4) Distal cca near wall 3 5.4 3 4.3
5) ICA far wall 6 10.7 9 12.9
6) ICA near wall 4 7.1 6 8.6

Total 56 100 70 100

*cca = Common carotid artery; N = number; % = percent of total plaques.
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4.3 Possible shadow effect on plaque in far wall fr ~ om plaque in near
wall (AGES Study n=219)

Influence of plague in near wall on plaque area and GSM in far wall are shown in (Figure 20).
Presence or absence of plaques in the near wall had no significant influence on plaque area
measurements in the far wall; there was no significant difference in plaque area in far wall irrespective
of if a plague was present in near wall or not (p=0.62). There was however a significant increase in
plague GSM in far wall if plaque was present in near wall compared to clear near wall (p= 0.0031)
(Figure 20).
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Figure 20. a) Boxplot showing the total plaque are  a in far wall with or without plaque present in
near wall. b) Boxplot showing the GSM for plaque i  n far wall with or without plaque
present in near wall.
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4.4 Reproducibility/Validity of the method based on
group

The characteristics from Visitl for the 10 subjects (7 men, mean age=62.00, SD=2.94 and 3

the REFINE study

women mean age=59.67, SD=5.69) are listed in (Table 9). The mean time from the baseline (Visitl)
to the follow-up (Visit2) was 4.5 years (SD=0.05).

Sonographerl identified 23 plaques in participants from Visitl in both readings and 31 plaques in
the same participants from Visit2, also in both readings. Sonographer3 identified 24 plaques in
participants from Visitl first reading and 23 plaques in second reading and for Visit2 he identified 31
plagues in both readings. The numbers of identified plaques are summarized in (Table 10).

Table 9. Visitl characteristics for the 10 subject s (REFINE). Categorical variables are
presented in percentages and continuous variables a re presented as (mean * SD).

Male (n=7) Female (n=3) Total (n=10)
BMI (>30 kg/m °) % 28.6 33.3 30
Hypertension (mmHg) % 0 0 0
LDL (mmol/L) 3.51(+0.90) 2.42 (0.35) 3.18 (+0.91)
Chol (mmol/L) 5.4 (+0.92) 4.66 (+0.35) 5.18 (0.85)
Eversmoker % 50 20 70
CIMT (mm) 0.90 (+0.14) 0.75 (x0.10) 0.86 (+0.14)
Plaque burden (mm ?) 35.6 (+21.4) 16.4 (£8.5) 29.8 (+20.17)
GSM (grey scale median) 64.2 (+11.2) 63.8 (£5.0) 64.0 (+9.4)

mmHg =millimeters of mercury; mmol/L =millimoles per liter; mm=millimeters; mm°=square
millimeters; (xSD)=Standard deviation of the mean;LDL and cholesterol measured in serum;

CIMT=carotid intima media thickness.

Hypertension (HTN) is defined from either the use of hypertension medication or from self reported
questionnaire derived from physiological measurements (systolic blood pressure, diastolic blood

pressure).

Table 10. Number of plaques identified in intra- a  nd inter-observer variability assessment
(REFINE n=10).

Sonographerl Sonographer3

First reading Second reading First reading Second reading

Visitl 23 23 24 23
Visit2 31 31 31 31
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4.4.1 Intra observer variability — Plaque area

Variability assessment of repeated readings of plaque area from the REFINE Study (10 subjects)
where each subject was analyzed twice by two sonographers 1 and 3, showed that sonographerl had
a mean difference between observations of 1.97mm? (95%CI -0.32 to 4.25) and the correlation was
0.96 (95%CI 0.85 to 0.99) and the CoV was 9.82%. There was no significant difference between
observations (p=0.23). For sonographer3 the mean difference between observations was 1.03mm?
(95%CI -2.23 to 4.28) and the correlation was 0.96 (95%CI 0.83 to 1.00) and CoV was 16.03%
respectively. The difference between observations was not significant (p=0.72) (Table 11 and Figure
21).

Table 11. Sonographer (1 and 3): Intra observer va riability for plaque area (REFINE Study
n=10). Mean difference, Spearman’s rho, coefficien t of variation (CoV%) and p-value
of Visitl and Visit2.

Total plaque area

Mean diff (SD) Rho-r CoV % P-value
95% CI of mean 95%Cl
Sonographer1™ vs. 1.97 (4.88) 0.96 9.82 0.23
Sonographer1®™ -0.3210 4.25 (0.85 to 0.99)
Sonographer3™ vs. 1.03 (6.95) 0.96 16.03 0.72
Sonographer3®™ (-2.23 t0 4.28) (0.83 to 1.00)

*Sonographer11§=sonographer1 first reading; Sonographerlﬁ":sonographerl second reading.
*Sonographer315t:sonographer3 first reading; Sonographer32”d:sonographer3 second reading.
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Figure 21. a and c) Intra observer variability for plague area (REFINE n=10) — Sonographerl and
Sonographer3: Disagreement plot (Bland-Altman) for plaque area difference. Difference
between the two observations (vertical axis) as a function of the average of the observations
(horizontal axis) where black dotted lines show the mean, +2 standard deviations and red
dotted lines show 95% confidence limits of the mean difference. b and d) Intra observer
variability for plaque area (REFINE n=10) - Sonographerl and Sonographer3: Scatter plot
with linear regression line showing the relationship between 1* observation against the 2"
observation for total plaque area.
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4.4.2 Intra observer variability — GSM

For the REFINE group the mean difference between observations for plaque GSM within
sonographerl was 1.31 (95%CI -1.58 to 4.20) and correlation was 0.90 (95%CI 0.76 to 0.96) and CoV
was 6.84%. There was no significant difference in plaque GSM between observations (p=0.36). For
sonographer3 the mean difference for plaque GSM was 1.85 (95%CI -1.05 to 4.76) and the correlation
was 0.88 (95%CI 0.65 to 0.97) and the CoV was 6.97% respectively. There was no significant
difference between observations for plaque GSM within sonographer3 (p=0.20) (Table 12 and Figure
22).

Table 12. Sonographer (1 and 3): Intra observer va riability for mean plague GSM (REFINE
n=10). Mean difference, Spearman’s rho, coefficien t of variation (CoV%) and p-value
of Visitl and Visit2.

Total plaque composition (GSM)

Mean diff (SD) Rho-r CoV%  P-value
95% CI of mean 95%Cl
Sonographer1™' vs. 1.31(6.2) 0.91 6.84 0.36
Sonographer1®™ -1.58 t0 4.20 (0.76 to 0.96)
Sonographer3™ vs. 1.85 (6.2) 0.88 6.97 0.20
onographer -1.05 to 4. .6510 0.
S her3®" (-1.05 to 4.76) (0.65 to 0.97)

*Sonographer1§=sonographer1 first reading; Sonographer1”™

*Sonographer315t:sonographer first reading; Sonographer32"d

=sonographerl second reading.
=sonographer second reading.
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for mean total GSM.
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4.4.3 Inter observer variability — Plaque area

The assessment of variability between sonographers 1 and 3 based on images from the REFINE
study group showed a mean difference in plaque area of 4.04mm? (95%CI 0.16 to 7.91). The
correlation was 0.91 (95%CIl 0.72 to 0.99) and CoV 18.20%. There was a significant difference
between sonographers (p=0.002) (Table 13 and Figure 23). There appears to be a systematic
difference between sonographers 1 and 3, where the position of the regression line indicates that
sonographerl measures the plaque area slightly larger than sonographer3.
Table 13. Inter observer variability between two s onographers (REFINE n=10). Mean

difference, Spearman’s rho, coefficient of variatio n (CoV%) and p-value for both Visitl
and Visit2 total plaque area.

Total plaque area

Mean diff (SD) Rho —r CoV % P-value
95% CI of mean 95%ClI
Sonographer1®™ 4.04 (8.28) 0.91 18.20 0.0023
Vs. 0.16 to 7.91 (0.72 to 0.99)

Sonographer3®™™

*Sonographerlﬂ‘dzsonographerl second reading; SonographerBﬁ‘d:sonographer3 second reading.
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Figure 23. a) Inter observer variability (REFINE n=10) — Sonographerl vs. Sonographer3:
Disagreement plot (Bland-Altman) for plaque area difference. Difference between the two
observations (vertical axis) as a function of the average of the observations (horizontal axis)
where lines show the mean, +2 standard deviations and red dotted lines show 95%
confidence limits of the mean difference. b) Inter observer variability (REFINE n=10) —
Sonographerl vs. Sonographer3: Scatterplot with linear regression line showing the
relationship between sonographers for total plaque area.
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4.4.4 Inter observer variability — GSM

The variability in plaque GSM in the REFINE study group between sonographers 1 and 3 showed a

mean difference of 1.15 (95%CI -1.93 to 4.24). The correlation was 0.82 (95%CI 0.52 to 0.97) and
CoV 7.45%. The difference between sonographers was not statistically significant (p=0.44) (Table 14
and Figure 24).

Table 14. Inter observer variability between twos  onographers (1 and 3) (REFINE n=10). Mean

GSM difference observerl - observer3

difference, Spearman’s rho, coefficient of variatio n (CoV%) and p-value for both Visitl
and Visit2 mean plaque GSM.

Total plague composition (GSM)

Mean diff (SD) Rho-r CoV % P-value
95% CI of mean 95%CI
Sonographer1®™ 1.15 (6.6) 0.82 7.45 0.44
VS. -1.93t04.24 (0.52t0 0.97)

Sonographer3®™

*Sonographerlir“j =sonographerl second reading; Sonographer3°"“=sonographer3 second reading.

o
o
— T-test: p-value = 0.4437
o _| Cor-test: rho = 0.824
© CoV=745%
o _|
J
s
&
— 14.35 o
>
e o
T 1.15 <
e
 -12.04 Q
5]
<4
o)
[%2]
o
o o
I -
o
3
T T T T T o
Q T T T T T T T
50 60 70 80 90 20 40 60 80 100

. Observerl (plaque GSM)
Mean difference GSM

Figure 24. a) Inter observer variability (REFINE n=10) — Sonographerl vs. Sonographer3:

Disagreement plot (Bland-Altman) for GSM difference. Difference between the two
observations (vertical axis) as a function of the average of the observations (horizontal axis)
where dotted lines show the mean, +2 standard deviations and red dotted lines show 95%
confidence limits of the mean difference. b) Inter observer variability for GSM (REFINE
n=10) — Sonographerl vs. sonographer3; scatterplot with linear regression line showing the
relationship between sonographers for plague GSM.
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4.4.5 Anatomical plaque distribution — REFINE Study

For the REFINE study group the location of plaque appearance was seen in the proximal
bifurcation of the common carotid artery both near and far wall also in the far wall of internal carotid
artery (Table 15).

Table 15. REFINE n=10: Distribution of plaques at  Visitl and Visit2 stratified by location
(n=number of plaques and % = percent of the totaln  umber of plaques).

Visitl Visit2

Segments n % N %
1) Proximal cca far wall 9 45.0 13 46.4
2) Distal cca far wall 0 0 0 0
3) Proximal cca near wall 8 40.0 12 42.9
4) Distal cca near wall 0 0 0 0
5) ICA far wall 3 15.0 3 10.7
6) ICA near wall 0 0 0 0

Total 20 100 28 100

*cca = Common carotid artery; N = number; % = percent of total plaques.

4.5 Reproducibility for the acquisition of ultrasou nd imaging, twenty
individuals were re-imaged

The 20 subjects that participated in the repeated acquisition at baseline (Visitl) 11 men, mean
age=61.5, SD=4.4 and 9 women, mean age=56.7, SD=6.1 with a mean time from baseline (Visitl) to
the follow-up (Visit2) was 4.3 years (SD=0.22).

4.5.1 Acquisition variability — Plaque area

The variability in acquisition for plague area was estimated from the REFINE study group (n=20) by
comparing readings from two acquisitions. The mean difference in plaque area between acquisitions
was -0.85 mm? (95%CI -4.11 to 2.41). The correlation was 0.95 (95%CI 0.81 to 0.99) and CoV
12.40% as shown in (Table 16 and Figure 25). There was no significant difference between

acquisitions (p=0.11).
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Table 16. Reproducibility for the ultrasound acqui sition imaging (REFINE) 20 subjects were
examined twice. Mean difference, Spearman’s rho, ¢ oefficient of variation (CoV%) and
p-value for both Visitl and Visit2 total plaque are  a.

Total plaque area

Mean diff (SD) Rho —r CoV% P-value
95% CI of mean 95%ClI
Acquistion1® vs. -0.85 (6.96) 0.95 12.40 0.11
Acquisitionznd (-4.11 to 2.41) (0.81 to 0.99)

*Acquistionlg[ = First acquisition; Acquisition2™ = Second acquisition.
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Figure 25. a) The acquisition variability for plaque area (REFINE n=20) — acquisitionl vs.
acqusition2: Disagreement plot (Bland-Altman) for plaque area difference. Difference
between the two acquisitions (vertical axis) as a function of the average of the acquisitions
(horizontal axis) where black dotted lines show the mean, +2 standard deviations and red
dotted lines show 95% confidence limits of the mean difference. b) Scatterplot with linear
regression line showing the relationship between first and second acquisition (n=20) for
plaque area.

4.5.2 Acquisition variability — GSM

The variability in acquisition for plaqgue GSM was estimated from the same group of 20 subjects as
outlined in the previous section by comparing the readings from two imaging sessions. Mean
difference in plaque GSM between acquisition was -0.35 (95%CI -4.96 to 4.26). The correlation was
0.84 (95%CI 0.62 to 0.96) and CoV 11.17% as shown in (Table 17 and Figure 26). There was no
significant difference between the two imaging sessions (p=0.88). Excluding one outlier (green point
on Figure 26) resulted in a reduced CoV from 11.17% to 8.65% and a shift in the regression line
(green dotted) moving closer to the expected regression (black solid) line and no significant difference

between readings of images from the two imaging sessions.
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Table 17. Reproducibility for the ultrasound acqui sition imaging (REFINE) 20 subjects were
examined twice. Mean difference, Spearman’s rho, ¢ oefficient of variation (CoV%) and
p-value for both Visitl and Visit2 mean plaque GSM.

Total plaque composit ion (GSM)

Mean diff (SD) Rho-r CoV % P-value
95% CI of mean 95%CI
Acquistion1® vs. -0.35 (9.86) 0.84 11.17 0.88
Acquisition2" (-4.96 to 4.26) (0.62 to 0.96)

*Acquistion1§ = First acquisition; Acquisition2™ = Second acquisition.
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Figure 26. a) The acquisition variability for GSM (REFINE n=20) — acquisition1 vs. acqusition2:
Disagreement plot (Bland-Altman) for GSM difference. Difference between the two
acquisitions (vertical axis) as a function of the average of the acquisitions (horizontal axis)
where black dotted lines show the mean, +2 standard deviations and red dotted lines show
95% confidence limits of the mean difference. b) Scatterplot with linear regression line
showing the relationship between first and second acquisition (n=20) for measurements on
plague GSM. Green dotted line shows the linear regression with one outlaw (green point)
excluded.

4.5.3 Anatomical distribution from the acquisition variability - REFINE Study
For the 20 individuals that participated in the acquisition variability measurements the location of
plagues appearance is more prevalent in the proximal near and far wall of the carotid artery although

plague is seen in all 6 anatomical segmentations (Table 18).
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Table 18. REFINE n=20: Distribution of plaques at  Visit2 stratified by location (h=number of
plaques and % = percent of the total number of plaq  ues).

Follow-upl

Segments N %
1) Proximal cca far wall 25 37.9
2) Distal cca far wall 1 15
3) Proximal cca near wall 27 40.9
4) Distal cca near wall 1 15
5) ICA far wall 8 12.1
6) ICA near wall 4 6.1

Total 66 100

*cca = Common carotid artery; N = number; % = percent of total plaques.
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5 Discussion

The aim of this study was to set up a standardized protocol for reliable measurements of
longitudinal changes in plaque area and plaque composition using ultrasound. Further to assess the
reproducibility of the plaqgue measurements. Ultrasound has been found to have poor reproducibility
and to be prone to observer bias compared to other imaging methods (3, 62). Achieving good
reproducibility in both ultrasound acquisition and the analysis of ultrasound images is therefore a
challenging task not least in a longitudinal study where images are acquired at two different time
points. In this study, image analysis software was used for quantitative plague measurements; the
software was adapted to measure longitudinal changes in plague area and composition. Baseline
images were reviewed prior to and during follow-up imaging to maximize the comparability of prevalent

plagues.

Most studies in current literature on the reproducibility of carotid plague measurements using
ultrasound report limited number of statistical parameters including correlation, CoV or the mean
difference with limits of agreement. Further, different studies often use different statistical parameters
making it difficult to compare results across studies (2, 17, 18, 122, 123). A variety of statistical
parameters were used in this study to facilitate a comparison of the results with results in other studies
(Appendix ).

The correlation coefficient is a commonly used statistical parameter when intra and inter observer
variability is measured in plaque assessment using ultrasound images. High correlation doesn’t
however necessarily imply good agreement between observations or low variability. It could in fact be
implying that the disagreement is consistent between the two observations and in such case the mean
difference and the coefficient of variation could be high (124). Therefore in this study an estimation of
several statistical parameters were made to capture if there is a divergence in the reproducibility

measurements.

Several studies have estimated reproducibility using qualitative or semi-quantitative methods that
rely on categorical scales, e.g., plague occurrence, morphology and the echogenic status. The
statistical methods used to calculate reproducibility in these studies have generally depended on
Kappa statistics (18, 36, 125-128). A comparison of the results in this quantitative study to the results
in those qualitative or semi-quantitative studies is difficult as the results in this study use continuous

scales for the size and composition of plaques.
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5.1 Reproducibility for both study groups - AGES an d REFINE

5.1.1 Intra observer variability for plaque area

Limits for the statistical criteria for certification in this study are presented in section 3.2 and
Appendix I. For within sonographer’s variability measurements on plaque area the difference between
two observations was plotted against the average of the observations. The limits of agreement were
set to where 95% of the differences lie within £2 standard deviation of the mean difference (124). The
correlation should be above 0.8 and the CoV should not exceed 13% and there should be no

significant difference between observations.

Within the subsamples of both the AGES (n=25) and REFINE (n=10) study groups sonographerl
showed low mean difference of plaque area (-0.85mm?” and 1.97mm?), high correlation (0.96 in both),
acceptable values of CoV (12.10% and 9.82%) and there was no significant difference (p=0.74 and
0.23) between observations. Overall the intra variability for sonographerl on plaque area

measurements for both study groups is within the statistical limits set for certification.

Within the subsample of the AGES study group sonographer2 showed higher mean difference of
plague area (-14.75mm2), slightly lower correlation (0.90), higher CoV (18.63%) when compared to
results of sonographerl and there was significant difference (p<.0001) between observations. These
results do not meet the requirements for certification and may indicate that sonographer2 needs to

adapt further to the protocol.

Within the subsample of the REFINE study group sonographer3 showed low mean difference
(1.03mm2), high correlation (0.96), high CoV (16.03%) and there was no significant difference (p=0.72)
between observations. The results show that sonographer3 is close to acceptable repeatability only
the CoV exceeds the set limit which is 13%.

The results for sonographer 1 and 3 compare reasonably well to the results in other studies.
Johnsen et.al (17), reported intra observer variability for two sonographers including mean arithmetic
difference of -0.2 (SD:3.1mm2 with limits of agreement of +8.6 mmz) and 0.01 (3.8 mm? and the limits

of agreement £7.5) within subjects at age 55 to 74 years.

The correlation for the intra plaque area measurements in this study was high for all sonographers.
These results compare reasonably well with other studies for example Lear et.al. (129) where intra
class correlation for plaque area was 0.922 to 0.948 and Barnett et.al.(2) where 50 randomly chosen
ultrasound videotapes/clips were reviewed showing intra class correlation of 0.99. Like mentioned
before it can be argued that the coefficient of correlation isn't appropriate parameter to assess the
agreement for these measurements (62, 124, 130). There is reasonably high correlation (0.90) but
rather poor agreement within sonographer2 where the mean difference was -14.75mm? and the CoV
18.63%.

The CoV in this study compares well with Andersson et.al (18) where intra variability estimates for

one sonographer (n=25) resulted in CoV of 11.2%.

Overall, the low intra observer variability of plaque area measurements for sonographerl show that

it is possible to generate reliable and reproducible outcome when following the protocol set up in this
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study. The results for sonographers 2 and 3 are promising but further improvements or adaptations

are needed.

5.1.2 Inter observer variability — plaque area
The same criteria and statistical limits apply to variability between sonographers as within

sonographers for plaque area measurements.

For the subsample in the AGES group the inter observer variability for plaque area between
sonographer 1 and 2 was high. The correlation was reasonable (0.81), the mean difference was
rather high -14.33mm?, CoV was high 23.29% and there was a significant difference between
sonographers (p<.0001). According to the statistical criteria for certification, this is too high variability.
The correlation was within limits but the mean difference was rather high and CoV was too high and
there was a significant difference between sonographers. This high inter observer variability is not
surprising in the light of differences in intra observer variability between the two sonographers where

sonographerl performed substantially better than sonographer2.

For the subsample from the REFINE study group the inter observer variability for plague area
between sonographers 1 and 3 was rather high. The mean difference was 4.04mm?, correlation was
high (0.91), CoV was high 18.20% and there was a significant difference between sonographers
(p=0.0023). This is also too high variance between sonographers according to the certification
requirements even though the correlation is within set limits. Since both sonographers had acceptable
intra observer variability this indicates the need for the sonographers to adapt their readings closer to

each other to lower the inter variability.

When results on inter observer variability from both study groups are compared the mean
difference is lower for the REFINE study group but higher in the AGES study group and the correlation
coefficients were higher in the REFINE study group. For both groups the CoV is higher than the
criteria for certification and there was also a significant difference between observations. Persson
et.al (131) reported high inter-observer variability between two sonographers with the mean difference
for plaque area 15.9 mm? +12.5 on the other hand study by Johnsen et al. (17) reported inter observer
variability where the mean difference was -1.0(4.4) mm? and limits of agreement were +8.6. Johnsen
et.al.(17) captured a still frame of the plaque during the acquisition but in this study clips with multiple
frames were collected and a still image was selected for every single plaque. Hence this study goes

further in accounting for the variability caused by possibly capturing different frames.

The correlation for the inter observer plague area measurements in this study is high for both
comparisons, this is in good agreement with a study by (129).

High inter observer variability has also been published in other studies for example Joakimsen(132)
where CoV was 17.9% and 22.4% although this was on plaque thickness and might not be directly

comparable to the CoV in this study.
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5.1.3 Intra observer variability for the GSM

As for plaque area the statistical criteria for within sonographer’s variability measurements on
plague GSM were the following: the difference between two observations was plotted against the
average of the observations where limits of agreement are where 95% of the differences lie within £2
standard deviation of the mean difference. This limit of agreement is similar to other study reported by
Sabetai et.al. (133) where the inter observer variability was required to have 95% of the differences
within £2SD from the mean difference. The correlation should be above 0.8 and the CoV should not

exceed 13% and there should be no significant difference between observations.

Within the subsample of the AGES (n=25) and REFINE (n=10) Study groups sonographerl
showed low mean difference of GSM (0.33 and 1.31), high correlation (0.90 and 0.91), low values of
CoV (7.77% and 6.84%) and there was no significant difference (p=0.73 and 0.36) between
observations. These results on intra observer variability for sonographerl for both study groups are
within the statistical limits for certification and show that sonographerl has low variability in plaque

GSM measurements.

Within the subsample of the AGES study group sonographer2 showed low mean difference of
GSM (1.8), high correlation (0.86), low CoV (8.04%) and there was no significant difference (p=0.08)
between observations. These results also fulfill the statistical criteria for certification and indicate that

sonographer2 has low variability in plaque GSM measurements.

Within the subsample of the REFINE study group sonographer3 showed low mean difference of
GSM (1.85), high correlation (0.88), low CoV (6.97%) and there was no significant difference (p=0.20)
between observations. The intra observer variability results for sonographer3 are also within the

statistical limits and indicate that sonographer3 has low variability in plaque GSM measurements.

Overall the intra observer variability for all three sonographers on plague GSM measurements is
within statistical limits and indicates that well trained sonographers following the protocol (Appendix I)

in detail has low variability.

The low mean difference in this study for intra observer plague GSM measurements compare well
to other studies commonly ranging from -0.9 to 1.7 (17, 122, 133, 134).

The CoV for intra observer plague GSM measurements in this study is overall low and is in good
agreement with other studies on GSM reproducibility including Anderson et.al. (18) that reported CoV
of 8.3% (n=25), and Gronholdt et.al (122) that reported CoV of 5.5% (n=58 plaque images).

5.1.4 Inter observer variability for GSM
The same criteria and statistical limits apply to variability between sonographers as within

sonographers for plague GSM measurements.

For the subsample from the AGES group the inter observer variability for plaque GSM between
sonographer 1 and 2 was low. The mean difference was -1.0, correlation was high (0.87), CoV was
low (8.55%) and there was no significant difference (p=0.35) between sonographers. Hence there is
good agreement between sonographers 1 and 2 in plaque GSM measurements and the results fulfill

the statistical requirement in all values for certification in this study.
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For the subsample from REFINE group the inter observer variability for plague GSM between
sonographers 1 and 3 was low. The mean difference was 1.15, correlation was high (0.82), CoV was
low (7.45%) and there was no significant difference between sonographers (p=0.44). There is also
good agreement between sonographers 1 and 3 in plague GSM measurements and all statistical
values are within the statistical limits set for the certification. Overall, the low variability on plaque
GSM estimation between the three sonographers shows that following the procedure gives reliable

and reproducible outcome.

This compares well to other studies e.g. Johnsen et.al. (17) where mean difference for GSM was
1.7 and limits of agreement were +19.2 and Wijeyaratne (134) had the mean difference of 0.538.

Also, the CoV in both comparisons was low as also found by Craiem et.al. (59) where CoV was 7.5%.

5.2 Reproducibility for ultrasound acquisition

The criteria and statistical limits for the variability on repeated ultrasound acquisition on both plaque
area and GSM estimation were the same as for the intra- and inter observer variability for plaque area
and plaque GSM: the difference between two acquisitions was plotted against the average of the
acquisitions and limits of agreement are where 95% of the differences lie within £2SD of the mean
difference. The correlation should be higher than 0.8 and CoV < 13% and there should be no

significant difference between acquisitions.

In the reproducibility estimate for the ultrasound acquisition, where the subjects (n=20) were
scanned and measured twice by sonographerl, the mean difference of plaque area was
-0.85mm?, high correlation (0.95), acceptable CoV of 12.40% and there was no significant difference
(p=0.11) between observations. The mean difference for plague GSM was -0.35, high correlation
(0.84), acceptable CoV 11.17% and there was no significant difference (p=0.88) between

observations.

These results show when considering all the statistical parameters that variability in acquisition
adds very little if any to the variability in the reading of plaque area and plague GSM were images from

same acquisition were read twice compared to readings of images from two different acquisitions.

The correlation in the intra-observer variability assessment in the REFINE study group of plaque
area and plague GSM for sonographerl based on images from one and the same acquisition
compared to the correlation in the intra—observer variability assessment based on images from the two
acquisitions was 0.96 vs. 0.95 and 0.91 vs. 0.84 respectively, the mean difference was 1.97mm? vs.-
-0.85 mm?and 1.31 vs. -0.35 respectively and the CoV was 9.82% vs. 12.4% and 6.84% vs. 11.17%
respectively. The difference in mean plaque area and mean plaque GSM was not significant for either

the repeated reading based on images from the same acquisition or the two different acquisitions.

The results show that the careful viewing and comparison of baseline images with the follow-up
images during acquisition side by side are likely to contribute to lower variability. There is a lack of
information in current literature on the effect of variability in ultrasound acquisition on quantitative

plague measurements. Therefore, to the authors of this dissertation best knowledge, this is the first
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study that takes acquisition variability into account in the assessment of carotid plaque size and

composition measurements using ultrasound.

5.3 General trends in plaque distribution and the p  ossible shadow effect
from plaque in near wall

In this study for both study groups the plaques were found to be more prevalent in the bifurcation of
the common carotid artery than in the internal carotid artery which compares well to results from
another study by Rubba et.al (53, 135). This is also in agreement with the reasoning that low shear

stress in the bifurcation induces plague formation (26, 27).

Theoretically a thick or highly calcified plaque in near wall could cause shadow effect on plaque in
far wall (52). Shadow effect occurs when attenuation of the ultrasound beam is caused by intervening
structures causing echoes from tissue behind to become weaker which could prevent the detection of
plagues in far wall, reduce estimation of plaque area and/or alter the GSM estimate (52). The results
of this study show a significant difference in far wall plague GSM such that when near wall was clear,
plagues have lower GSM values indicating less calcification while the opposite from shadow effect
would be expected. Further, there was no significant difference in far wall plaque area whether or not
plague was present in near wall. Also in this approach the use of different angulations of the
ultrasound probe gives the opportunity to measure plaque at the least AS affected angle. The

conclusion is therefore that shadow effect is not of concern in this study.

5.4 Applicability of the method

The aim of the study was to implement a reliable and reproducible protocol to assess longitudinal
changes in plaque. Fundamental requirement for reliable estimates of longitudinal changes in plaque
size and composition is that the difference between repeated measurements is lower than the
difference to be evaluated. To evaluate this, estimates of longitudinal plaque changes between Visitl
and Visit2 in the AGES study group were compared with the intra-observer variability for
sonographerl on 25 individuals who were participants in the AGES study. The comparison was solely

based on readings by sonographerl who fully met the requirements for plaque analysis certification.

The mean difference in plaque area for sonographerl in the intra-observer variability estimate was
-0.85mm? with 95%CI -3.88 to 2.18 and SD=10.65 which was considerably lower than the mean
difference for longitudinal changes within the same 25 individuals who had mean difference of
11.10mm? with 95% CI 6.32 to 15.88 and SD=11.57 between visits.

The mean GSM difference for sonographerl in the intra-observer variability estimate was 0.33 with
95% CI —1.60 to 2.25 and SD=6.77 compared to the mean GSM difference in longitudinal changes
that was —0.92 with 95% CI -5.90 to 4.10 and SD=12.06. The SD values in the intra-observer
estimates are only half the SD values in the longitudinal estimates, showing that the longitudinal

measurements are meaningful.
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Example of a useful approach is to look into longitudinal changes of plaque difference among age-
groups. In this study the longitudinal changes without any adjustment for interventions (e.g. statin)
were presented in section 4.2, Table 2. The difference between Visitl and Visit2 for plague area
showed a trend of increasing difference with higher age-group except for the oldest group that only
included 7 individuals which may explain why that group shows inconsistent results with the other age-
group. For plague GSM there was no consistent change between age-groups apart from the oldest
age-group that had a higher negative value. Those results will not be discussed further since it is not

the aim of this study.

Few studies have used similar methodology as presented in this study to investigate the
relationship of plaque size and composition with known cardiovascular risk factors, most of them
cross-sectional in design. Andersson et.al (18) studied the impact on plaque size and composition
(echogenicity) from known cardiovascular risk factors, the plaque analysis was similar although they
only measured the largest plaque with the exclusion of multiple plaques. Their results indicated
different influences from cardiovascular risk factors on plaque growth or hardening, where smoking
increased plaque calcification while systolic blood pressure and decreased HDL were more related to

less calcified (echo-lucent) plaques (18).

In another study where the relationship between plaque composition and cardiovascular risk
factors was examined, showed that increased plasma levels of triglyceride rich lipoprotein was
associated with less calcified plaques and enhanced progression of vulnerable atherosclerotic plaques
with lipid-rich cores. In this study by Gronholdt et.al (122), the acoustic shadowing part of the plaque

was excluded from the plaque drawing.

At least two studies have used similar methodology as described in this study in longitudinal design
to assess the relationship between cardiovascular risk factors and plaque size and composition.
Johnsen et. al (17) performed a longitudinal study on plaque size and composition, although the
plague images used in the plaque estimation were captured as a still image during the acquisition and
information on a maximum of six plaques per study were recorded. They reported that plaques with
low growth rate between visits had increased plague echogenicity (higher value of GSM). Further that
lower HDL cholesterol increased the plague growth (17). In a clinical study by Spence et.al (123) it
was shown that plaque size is related to age with most plaque progression between 45 to 70 years

while after that the progression diminishes.

The above mentioned studies show the applicability of methods similar to the one presented in this
current study. The current study may have some important advances over comparable studies that
result in lower variability, including the novel approach of simultaneous viewing of the ultrasound
images from the baseline visit both prior to and during later ultrasound acquisitions and image
analysis. Further, in this study all visible plaques in the region of interest were included, in opposition
to a fixed number of plaques or a single plaque with largest diameter like reported in other studies (17,

18); hence our approach gives a more reliable estimation of total plague burden.

In the light of a successful setup and evidence of validity of this method of measuring the

longitudinal change in plaque size and composition, the Icelandic Heart Association is using this

69



ultrasound methodology described in current study to estimate the impact of conventional

cardiovascular risk factors on the longitudinal atherosclerotic plaque changes.

5.5 Study strengths and limitations

The strengths of this study include longitudinal design in a population based setting. Highly
standardized procedures were set up and applied in all stages of the image acquisition and image
analysis where the baseline images were viewed during the ultrasound acquisition and the image
analysis for maximizing comparability to follow-up images. The image analysis procedure included
that all visible plagues within area of interest was estimated independently of size or number of total
plagues. The variability was measured for both the ultrasound acquisition and image analysis but to
the author’s best knowledge this is the first study that estimates the contribution of both the ultrasound
acquisition and image analysis in quantitative carotid plaque studies. The reproducibility was based
on two study groups with different characteristics including different age span and different plaque
burden. Further, the subjects in one of the study groups (AGES) were selected based on plaque size
in order to reflect all levels of plaque burden in the study cohort and for the other group (REFINE) they
were based on random sample from a younger cohort. The AGES subsample may have resulted in
an increased observer-variability than if the sample would have been selected randomly with more
homogenous plaque burden across subjects. If reproducibility results in both study groups are
compared, the REFINE study group (less total plaque burden) has slightly less variance than the
AGES study group (more total plaque burden). This is in contrast to findings in a study by Joakimsen
et.al. (132) who reported that smaller plaque burden gave higher variability. Therefore the plaque size
dependent selection of subjects in this study gives more sensitive measure of variance in the
reproducibility estimation. Another, strength of current study is that multiple statistical parameters
were used to detect if there was a variance between observations which might not be seen on e.g. the
correlation coefficient alone. This use of multiple statistical parameters also facilitated a comparison to

other studies.

Limitations include that not all sonographers fully met the criteria for certification in plaque area
estimation and indicated that they were still in their learning process. Also, the imaging analysis
software (AMS) that was used didn't fully support longitudinal plague measurements and hence an
adaption included entering long file names manually that were loaded into the database (described in

Appendix I) which increases the likelihood of human errors in profiling the plaque identity.

5.6 Conclusion

A highly strict and standardized procedure has been implemented for both the ultrasound
acquisition and imaging analysis for plague measurements applying a novel methodology. The
importance of experience and continuous practice according to such protocol is emphasized. The
method can be reliably used to consistently assess changes in plaque size and composition over time

at an individual level, using the protocol rigorously adhered to all stages of the procedure.
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Component

The Carotid Ultrasound Protocol — Manual Operations

Version 2.1, 2013
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1 INTRODUCTION

The REFINELO is a longitudinal study derived from the REFINE (Risk Evaluation for Infarct
Estimate) Reykjavik Study. The REFINE Study is a cross sectional study initiated in December 2005
and has the main purpose of increasing predictability on individual basis for risk factors to develop into
coronary artery disease (113). The cohort is inhabitants (aged 20-69) selected randomly from the
greater Reykjavik area and approximately 6000 participants have been examined in spring 2011. The
REFINELO study is composed of 1331 subjects that were randomly selected from the REFINE study

and re-examined with 3 to 5 years apart.

This ultrasound protocol examination of the carotid artery has been developed to meet specific
research objectives and is not suitable for routine clinical examination. All ultrasound sonographers
are required to complete a standardized training program and certification to be able to perform a
gquantitative examination on the study participants. If the sonographer determines a severe or
extensive carotid artery disease a clinical site principal investigator or a designated co-investigator is

notified.

The ultrasound scanning protocol informs a standardized examination of right and left common
carotid arteries, the bifurcation and the internal carotid artery. It's designed to provide images of the
common carotid arteries to measure carotid intima-media thickness (CIMT), arterial stiffness together
with plaque area and plaque composition by Gray-Scale-Median (GSM) values in bifurcation and
internal carotid arteries. The protocol for image acquisition and measurements for CIMT and arterial
stiffness are the same in the REFINE Study and the REFINELO Study except that both the baseline
images and follow-up images are analyzed side by side in REFINELO by the same sonographer
(repeated measure of baseline images at the same time the follow-up images are measured) for
achieving maximum comparability. The protocol for CIMT and arterial stiffness is described in detail in
the Manual of Operations for the REFINE Study. This Manual of Operations (MOP) is therefore
focused on the longitudinal plaque imaging and the analysis of plagque area and plaque composition.

For further detail of the CIMT and arterial stiffness measurements, please see the REFINE MOP.

Ultrasound sonographer has to assure that the ultrasound equipment and the back-up procedures

are performing optimally prior to each scan.

1.1 ULTRASOUND TRAINING AND CERTIFICATION

1.1.1 Ultrasound Training

Training and certification for sonographers in the longitudinal REFINELO Study is similar to the
REFINE Study for image acquisition and measurements of B-mode carotids Intima-Media Thickness
(CIMT) and M-mode arterial stiffness (REFINE Manual Of Operations). The REFINELO Study
additionally includes longitudinal measurements of plaque area and plague composition. The training
takes place on site. The new ultrasound sonographer is introduced to the proceedings and protocol,

watching a few studies. He/she then starts hands on ultrasound exercises.
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1.1.2 Certification

A technician/sonographer is certified when he/she shows sufficient knowledge of the execution of
the ultrasound examination, provides ultrasound images from which intima-media thickness, plaques
and arterial stiffness can be measured by the reader of sufficient quality. Plaque images must be of
good quality and high similarity between baseline and follow-up images so the examiner can measure
the changes in plaque area and composition (GSM). In acquisition the sonographer trainee is
required to be able to detect and evaluate plague on baseline images and acquire as similar
(comparable) images as possible of the plague in the follow-up examination. The ultrasound gain and

angle for a prevalent plaque must be the same in the baseline imaging and the follow-up imaging.

The quality of the acquisition is evaluated by having the technician performing the entire ultrasound
examinations monitored and reviewed by a qualified and experienced sonographer. The certification
process usually takes around 20 — 30 scans to complete. One should allow two or three months of
training time, depending on the intensity (allocated time) by which the ultrasound technician practices.
Experienced technicians may need a smaller number of ultrasound examinations performed before
being certified. Certification is granted by the staff of IHA and sent in written form (certificate) to the
technician/sonographer. In principle a certification is granted for a 12 month period. During the study,
performance is being checked at regular intervals. De-certification is being considered when

performance is judged by the IHA staff as being insufficient.

2 CAROTID PLAQUE ULTRASOUND PROTOCOL

2.1 ULTRASOUND SCANNING PROTOCOL

For CIMT measurements the protocol is the same as in REFINE Study previously described
(REFINE protocol V2.2, October 2008). A primary objective of the REFINELO carotid ultrasound
scanning protocol is to acquire comparable follow-up standardized longitudinal clips of the bifurcation
and internal carotid artery to the baseline clips. Baseline images are viewed and reviewed prior to and
during follow-up examination to acquire comparable follow-up images. The gain was adjusted on the
follow-up scan so the GSM would be comparable to baseline images. Plaque is measured in near and
far wall in both the bifurcation and the internal carotid artery. The length of bifurcation varies between

subjects.

The ultrasound acquisition was performed with two dimensional Acuson, Sequoia C256, (Siemens
Medical System, Erlangen, Germany) with 8-MHz linear array transducer. The procedure was
standardized to minimize the variation (3). To achieve this, a workstation with the K-PACS V1.5.0
image viewer software was used to view baseline images prior to and during follow-up acquisition to
acquire comparable follow-up images (Figure 1). The manual operation on how to use the K-PACS
software for viewing the baseline images is explained in later chapter on Image analysis (K-PACS
4.2.1.). For a standardized circumferential scan of the left and right carotid artery the commonly used

Meijer's Arc (114) was used in order for the images to be acquired at the same angle at the baseline
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and follow-up visits. Angles were either 180° 150 ¢ 120° and 90°for the right and for the left 180° ,
210¢ 240°and 270°

Figure 1. The setup for ultrasound acquisition, th e ACUSON Sequoia and a computer with the
K-PACS viewing software.

The participant lay’s down in a supine position with head toward the ultrasound equipment. If
requested a pillow is placed under the knees to support the lower back. The sonographer scans from
the head of the table. Electrocardiogram is connected as previously described in (REFINE chapter
2.2.5). A towel is placed under the neck of the participant. The Meijer's Arc marked with angle scale
is positioned beneath and above the shoulders (Figure 2). The Meijer's Arc is used to standardize
circumferential scan of the left and right carotid. In the beginning of the study the ultrasound
equipment ACUSON is pre-set for REFINELO for the CIMT measurements.

Next, participants name is selected from a work-list and his/her date of birth confirmed. The
sonographer enters his/hers ID and starts the scan. A computer is located next to the side of the
ultrasound equipment for viewing baseline images prior to and during the examination. The baseline

images should be set up on the computer and studied before the exam.

During follow-up always take two clips from different angle, if two clips available at baseline, then
take follow-up clips from same angles. The gain on follow-up images should be set the same as on
baseline clips. When there is no plaque at baseline images, a clip is acquired from two angles in
follow-up. However if a new plaque(s) is present in follow-up then a clip is acquired at an angle where
the plaque is largest and most clearly visualized. Clip is always acquired from two angles in the
follow-up examination. Additionally to the plaque measurement, B-Mode and M-mode images are
also acquired as previously described in REFINE-Study (REFINE MOP).

The angle indication should be identified on left of the screen. For the right side 4 angles marked
with the capital letter R; 180¢ 150°% 120°and 90° and for the left capital letter L and the angles are
180° 210 240°and 270°

For more detailed methodology of the B-mode and M-mode scan see REFINE protocol v2.2,
October 2008 chapter 2.2.5.1.-2.2.5.8.
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2.1.1 Equipment/Instrumentation

A two dimensional Acuson, Sequoia C256, (Siemens Medical System, Erlangen, Germany) with 8-
MHz linear array transducer should normally be used for the acquisition in the REFINELO Study.
There should be no upgrades of system hardware or software or any other changes made to the
ultrasound equipment that can influence the consistency of the acquisition and image analysis during
the course of the REFINELO Study and the REFINE Study. As in the REFINE Study, all images are
routed directly following each examination to the image archive (PACS system) for storage. For
reviewing the baseline images prior to the follow-up examination, a computer equipped with K-PACS
V 1.6.0 Dicom image viewer is used on a computer monitor standing next to the ultrasound

equipment.
2.1.2 Back-up procedure for the acquisition

Since the REFINELO Study images will be directly stored in a digital format, the possibility exists
that images are lost due to failure of the digitalization process. When that happens all recently
acquired images are lost. Therefore a back-up procedure is installed, issuing that all carotid
ultrasound examinations are stored on videotape. There must be back-up tapes for all days of the
week (Monday to Friday) and appropriately labeled” (The back-up procedure see chapter from
REFINE protocol 2.2.3. back up procedure). When the US acquisition is finished, click on Review to
view the whole study and make sure all images and clips is stored correctly before sending the study
into the PACS system.

2.1.3 Personnel

For the ultrasound scanning duties, at least three sonographers are required to be able to perform
the procedures and they should equally share scanning time during the course of the study to maintain

a high skill level and consistency in examinations.
2.1.4 Plague acquisition

The K-PACS V1.6.0 Dicom viewer next to the ultrasound system is used to view baseline images
(Figure 2). The baseline clip of the bifurcation and internal carotid artery on both sides is viewed
thoroughly for inspection of possible plagues. Another clip is acquired at the same angle in the follow-
up study. The gain is set the same as at baseline and the focus is set in middle of the common carotid
artery (CCA) or if the quality of either near or far wall is bad put the focus positioning on the low quality

wall.

The clip images are labeled in the left corner off the image frame with side and angle. Two clips
are acquired from both sides (even in cases when only one was acquired at baseline) but only one at

each angle.
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Figure 2. Follow up acquisition. Baseline images ar e viewed with a Dicom viewer for

maximizing comparability of baseline and follow-up images.

3 Ultrasound Image Analysis (Plaque — Reading)

3.1. Equipment — Software

Digital images from the ultrasound acquisition were analyzed on a workstation using the Artery

Measurement System (AMS) Il V1.141 © Peter Holdfeldt software designed by Professor Tomas

Gustavsson, (Chalmers University of Technology, Department of Signals and Systems, Goteborg)

while the K-PACS V1.5.0 software was used simultaneously to compare with the images of the other

acquisition (baseline or follow-up).

3.2 Training of readers/sonographers

The training process for plaque imaging analysis consists of the following few steps;

a)

b)

c)

d)

f)

All

Sonographer in training observers the whole path of the reading process with a certified
sonographer (approximately 20 full studies).

Sonographer in training reads approximately 10 to 20 cases with a certified sonographer
watching over her/his shoulders until they seem to have full agreement on the plaque tracings.
Sonographer in training reads through 10 cases that have been selected to be re-read for
quantitative quality assessment of the reading to measure both inter and intra variability.

For within and between sonographers variability measurements on plaque area and GSM the
correlation should be above 0.8 and the CoV should not exceed 13%.

Within and between sonographers variability measurements should have no significant
difference between observations (p>0.05).

If the sonographer in training meets these statistical tolerances listed in d) and e) he or she
qualifies to read on his/her own and every six months this dataset should be re-read.

sonographers were experienced in imaging the common carotid artery using ultrasound

equipment.
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4 Image analyses

Digital images from the ultrasound acquisition are analyzed on a workstation using the Artery
Measurement System (AMS) software designed by Professor Tomas Gustavsson, (Chalmers
University of Technology, Department of Signals and Systems, Goéteborg). The K-PACS V1.5.0 Dicom
viewer is used simultaneously with the AMS image for comparison of baseline- and follow-up images.
For plaque analysis the software automatically generates descriptive values that reflect the size and
composition (GSM) of plaques. Among these are size (area mm? length, and height), grey-level
median/mean and grey-level variance. The Software also carries out Gray-Weale analysis for
classification of the plaque composition (116). Gray scale value for Echo-lucent plaque is ~0 (vessel)
and gradually increasing for echo-rich plaque at ~256 (vessel wall/more calcified area). The definition
of plague presence is the area with intima-media thickness (IMT) 50% thicker than the normal
neighboring sites by visual assessment, a commonly used definition (115). From the image series of
each plaque in a longitudinal view, an image frame should be selected where the plaque appears
largest in area while still having clear boundaries. The grey scale of each frame should be calibrated
by selecting black (0) and white (256) for the darkest and brightest parts of the image.

Plaque boundaries should be traced with a cursor on the screen for both baseline and follow-up

images. The software will be used to automatically assign each plaque into four classes:
Class 1; composition of the plaque is fat/lipid or not calcified
Class 2; calcified up to 25%
Class 3; up to 75% is calcified
Class 4; 75-100% is calcified.

The output from the software will be extracted from a text file and loaded into a central database.
4.1 User name and Password

Turn on the ultrasound computer (UL_03) password to login written on piece of paper at the table.

Another password needs be written on the E://drive ultra5544 or raforn

Two other ultrasound computers (UL_01 and UL_02) are used for plaque reading and the

password to login for both computers is written on a piece of paper at the table.
4.2 Software for Image analysis

4.2.1 K-PACS software;

Double click on K-PACS icon on desktop - Accept the comment for “please note”
Make sure the network tab is marked (not the database tab)
In patient-id box — write the participants id-number

o The folders that appear will include every imaging study that the participant has
undergone
o Highlight and double click the US older date for baseline (baseline images

should appear)
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o Screen thoroughly through all the examination and decide whether plaque
present or not, close baseline (if plaque present go to the next subchapter
AMS) and;

o Double click on the “Hreinsa conquest “ a desktop icon (before opening the
follow-up on K-PACS)

0 Inthe K-PACS:

-Highlight and double click on the newer-date and follow-up images should

appear

After viewing the images in the K-PACS software, remember to keep it open on the right screen.

4.2.2 Preparation for AMS software;

(0]

o

(0]

In DICOM-view Preloaded Images on the //E: drive ;

o Take a copy of the images and sort it for the AMS software.
- choose the id-folders name press and for copying
Go into Command Prompt to sort the images for the AMS;
o0 double click the icon “rada” on the desktop,

-window with the c:/Documents and Settings/car2> appears

-write rada spacebar ID (paste_id) ENTER||[ENTER)

-when the c:/word> in the command prompt window:
®Double Click on the AMS software icon on the desktop

Keep the AMS software on the left screen

4.2.3 AMS software;

(0]

Click in the box:

-Assign your initials (XX) in the reader box (Figure 6).
Go into the blue box called IMAGE

- Both studies appear under this folder, baseline either under the “001”
folder both image and clips or straight under “image” and “clips”. The
follow-up folders are usually under “002” image and clip separately

Choose View clip and carefully choose frame where the plaque is clear and biggest.
While working in the AMS software it's necessary to view the follow-up clip on the K-
PACS and choose frame where there is most similarity between baseline and follow-
up images (for arterial lining and also the plaque position and length). If there is no
match between baseline and follow-up clips it's possible to take a still image (IMT) just
make sure the arterial lining (angle) positioning is the same. If the still image is saved

the frame name will be FO (zero).

o Stillin View window choose the frame that represents the plaque best:

o Gointo File:

0 press on the icon “save frame as ” (Figure 4).
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- The should indicate:
o For baseline; C:/work/DICOM/IMAGES/clips
o For follow-up; C:/work/DICOM/IMAGES/002/clips

- Check the “specify filename
(L)-F (XXX)-P (XX)-IN

ID: Participants number

write filename in the column: ID-B (F)-R

B: for Baseline or

F: for Follow up

R - for right side: 90° 120 150°and 180°angle

L - for left side: 270° 240° 210°and 180°angle

F (number 1 to ~130): stands for frame number from the clip

P (number): stands for the plaque position (Figure 3). Plaque number should always
indicate the initial (proximal) part of the plaque even though it goes over another anatomical position
and if it starts in the CCA it will take either P1 or P2

IN: write the examiners (reader) initials

Near wall Positioning of the Plagues:
s P1 = Proximal near wall
— P1A = Distal near wall

/ P2 = Proximal far wall

CA P2A = Distal far wall

C P3 = MNear wall ICA

o —— — P4 = Far wall ICA

P5 = Distal ICA {both near and far wall)

Far wall

Figure 3. Simplified diagram with optimal angle of the common carotid artery (CCA)
bifurcation, external carotid artery (ECA) and inte  rnal carotid artery (ICA); for the
location of plaques, the region of interests in the carotid artery was divided into seven

different segments that plaques were assigned to.
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Path Format

C tworkIDICOMAGESID02iclips | Browse BMP |~ GRAY |~

Prefix Type Suffix
(w5 CTA ) M-modelD

v Specify filename manually: |D-B/F-R/L(?)-F(2)-P(?)}-IN

Save Save & Open Save & Close Cancel

Figure 4. Save image — After viewing the plaque an  d deciding the frame where the plaque is

clearest.

« Take a copy of the specify filename and press (Figure 4).

o0 Close the View window
*Saved frame should include:

» CCA space and file name at the top of a picture

« In the empty boxes beside the filename (Figure 5).
-write the ID number
-write year-month-date
-initials of the sonographer

-make sure these numbers are correct 13.832022 (Figure 5).
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Figure 5. Saved frame — go into the ,Reading"”

» The saved image after filling above tabs click on the “Reading ” column, few things to consider
(Figure 6):

"‘ Side "" Auto / Manual

@) Left ) Right ‘®) Automatic ' Mixed [ Manual

® CCA ) M-modeAD
—Quality of near wall— —Quality of far wall—
’;010203@)40?‘ o1 (2 (03 @4 08

1 02 (03 @4 (O OTHER |

—Project— « [Reader, - ——— Comment
TEST ‘ GE | | |
| Save H Save & Close H Save Image H Ok H Cancel ‘

Figure 6. Make sure the information int  he boxes are correct before the plaque

boundaries are drawn and the classified.
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1. Side;

a. Left or Right (mark reference side)

2. Vessel type ;

a. Mark — CCA

3. Give the plague boundaries quality either in near or far wall from 0 to 4

i.
ii.
iii.
iv.

V.

4= well cleared boundaries

3= good quality of the boundaries
2= boundaries moderately clear
1= boundaries hardly visible

0= not traceable boundaries

b. plagque in near wall mark — quality of near wall

c. plaque in far wall mark — quality of far wall

4. Angle

zero (0) for the opponent wall

a. Angle of the clip where the image was saved from:

5. Reader

Right side

1. (909; 2. (1209; 3. (1509; 4. (1809
Left side

1. (1809%; 2. (2109; 3. (2409; 4. (2709

a. Initials of the reader

= Press OK and continue working on the saved frame (image).

HHBHHAHHHHHHH

1. Calibrate the image under column:

2. Plaque drawing

Black ; mark black and draw a box over the darkest part of the image-
value should be close to 0
White ; mark white and draw a box over the brightest part of the image
although be careful don't take the scaling into the white calibration-value
should be close to ~220
Plaque

1. Draw the plaque boundaries — try to find clear lines of the plaque

beginning and ending (to increase the reproducibility)

o Decide where you want to start; LEFT click the mouse again and again until the

plague boundary has all been drawn (should have red dots around it). If you want to

change the drawing while drawing then -RIGHT click mouse until you want to start

over again. If you want to begin from start you press button again (drawing

will disappear).
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3. After drawing the plaque boundaries
1. Press “classify ”

a. The software gives out a box (Figure 7).

2. Press OK

% Plague Class 2

File Zoom
Featre | Value | Morm. ||| Feature Value Momm. |
run length |1.60337 —1.43050_|i3!r|xp|u 38.47267 |0.82882
mean 3915416 -1.51035_||}!rlx0t 1.66925 -1.31464
entropy30 |-B.28195  |-2.896560 ”!rlyspe 0.41843 -0.90104
ntropy02 |-B.15224  |-3.28537 ”!rlvlpe 1661060 |-0.14932 |
contrast0d (3712408 114846 ”!rlyplu 146.74586 |-0.90541
confrasi0B (5808502 | 113475 i”!rlypp 032525 |-0.26668
histdbove |0.01172 -0.30640 ||\!rlv0t 1.69337 -1.24668

variance 46911197 |-1.24070 ||Fcontra5t20 912254 -0.898416

localwar.  |78.48338 |2.82553 entropy20 -7.70931 -3.93653

Black threshold fit mean 3846517 |-1.51083 ||lentropye0  |-5.15680 |-3.86372
—e—— median __26.00000 131383 || asme0 000441 (011449
e L T i T sof 1870707 [-0.00425 |[lcontrastiz 2301456 [-0.68601
bR A BRRD G h!contraam 3712408 |-1.02308

White threshold ([asmbs __ jooo4ai  Jofsari |
o Cl : |lcontrastos 5898582 [-0.98647
(TR ==t lentropyds 826485  |-386313
1 50 100 150 200 250 (fit. mean  [38.46517  |-1.50045

ltop 10 mean [35.94670 |-1.49578
Siblack: 87 ‘hgray: 13 Yowhite: 0 llsaf 1870707 |-0.10783
Class 1:  1.00000 Im3 393.46725 [11.62500

Histogram Class 2: 1.00000
Class 3: 0.00000
Class 4: 0.00000

Class 1: 0.00000
Class 2. ' 1.00000

Figure 7. Automated classified plaque: Carefully v iew the histogram. The grey scale is on x-
axis, 0 for black and 255 for white and the y-axis has the percentage. Decide where
the plaque should be classified. If the distributi on is normal from ~0 to ~127 it should
be class2 and if the distribution is between ~127t 0 ~255 it should be class 3 and if all

the plaque is close to 255 Class 4.

3. Presstheicon FD for classifying the plaque into the four groups (Figure 8):
i. Class 1; Composition of the plaque is fat/lipid or not calcified
ii. Class 2; Calcified up to 25%

ii. Class 3; Up to 75% is calcified

Class 4; 75 — 100% is calcified

— Save plaque _x.

Auto: Class 2

.2.

Visual: iCIﬂss-Z_ti

| Save Cancel

Figure 8. Visual classification from the drawn pla  que
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4. Choose appropriate Class (based on the histogram information)

5. Press save

6. Go to “Reading” column and:
a. Save image
i. Choose .jpg instead of .omp
1. Choose the folder for
“E\MYNDIR\REFINELO_PLAQUE_DRAWING".

2. Save image -

0 To make sure the plaque was measured look into the review box on the AMS software

“C:/AMS/cca.txt” and the plaque measurements should appear.

o If there are multiple plaques present the same process is made for every single plaque until

every plague has been drawn.

0 When drawing the follow-up plagues you can call for the saved image of traced plaque by
choosing the folder: “E:\\MYNDIR\REFINELO PLAQUE_DRAWING” and double click the

image filename to view the baseline drawing while drawing the follow-up plaque.

5 Registering all reading information in “Innranet”
5.1 Information on the IMT and plaque readings:

-Fill in all tabs in HVIS “innranet” path http://newhvis.hjarta.is/hvis/

0 CU-B (carotid ultrasound baseline 1162):

-Fill in all the columns and use the K-PACS software to view the baseline study

0 CU-F (carotid ultrasound follow-up 1163):

-make sure the information that is filled in is correct

0 CU-PB (plaque baseline 1164):

-Fill in all traced baseline plaques and say no to other tabs (columns)

0 CU-PF (plaque follow-up 1165):

-Fill in all traced follow-up plaques and say no to other tabs (columns)

o Make sure that the [ULBP] blood pressure has been filled out and the for tonometry is

filled out before closing the case.
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+ Reading finished:
0 Inthe K-PACS
= Gointo the and highlight the correct id (both baseline and follow-up)
and right click the mouse and delete folders.
0 AMS - close the program

o0 Delete the folder on the DICOM-view Preloaded Images on the //E: drive ;

= Highlight the id folder and click on delete button — press Enter
= Highlight the id folder and right click the mouse (or press the “delete” key),

remember to make sure the dotted lines are around the file when deleting

5.1.1 A few bugs in the AMS software

The AMS software has some “pitfalls” if you need to delete the drawn plague/image there are few

steps to go through;
1. C:\AMS\cca.txt

a. -delete the line with correct filename (remember to get the dotted lines around the
folders name)
i. After deletion save the folder.
2. C:\AMS\plaque.txt
a. - delete the line with correct filename (remember to get the dotted lines around the
folders name)
i. After deletion save the folder.
3. C:\AMS\plaque
a. — delete the line with correct filename (remember to get the dotted lines around
the folders name)
4. C:\AMS\contour
a. — delete line with correct filename (remember to get the dotted lines around the
folders name)
i. Remember the dotted lines around the filename should appear when you
are deleting the file
5. E:\MYNDIR\REFINELO_PLAQUE_DRAWING
a. -highlight the plague name and press delete
i. Remember the dotted lines around the filename should appear when you

are deleting the file.
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Reproducibility/variability measurements on plaque

parameters: sample sizes, mean difference, correlat

Appendix Il

area and/or GSM - Published studies with various st
ion, coefficient of variation and p - value.

atistical

Plaque area Plaque composition (GSM)
Sample Size Mean diff. (S D) Rho -r CoV % P-value Mean diff (SD) Rho-r CoV % P-value
95% CI of mean 95%ClI 95% CI of mean 95%ClI
Andersson,2009 (18)
Intra observer 25 - - 11.2 - - - 8.3 -
Barnett,1997 (2)
Intra observer 25 - 0.94 - - - - - -
Inter observer 50 - 0.99 - - - - - -
Craiem,2009 (59)
Inter observer 55 0.087 mm?log 0.97 6.6 <.001 0.99 7.5 <.001
(plagues)
For different 2mm thick
layers
Inter observer 55 - - - - 0.81t00.99 7.0to 12.0 <.001
(plaques)
Denzel,2003 (136)
Inter observer 0.881 <0.01
Gronholdt,1998 (122)
Intra observer 58 - - - - -0.4 (-1.5t00.1) - 5.3 -
(plagues)
Intra observer 10 - - - - 0.6% (-1.5% to 2.6%) - 3.5 -
(plaques)
Intra observer 10 - - - 1.1% (-0.8% to 3.1%) - 2.2 -
(plaques)
Joakimsen,1997 (132)
Intra observer
Inter observer
Johnsen,2005 (17)
Intra observer 1 - 0.2 (3.1)mm? - - - -0.1(6.1) - - -
Limit of agreement Limit of agreement
+6.1 +12.0
Intra observer 2 - 0.01 (3.8)mm’® - - - -0.9 (8.7) - - -
Limit of agreement Limit of agreement
+7.5 +17.1
Inter observer - -1.0 (4.4)mm? - - - -1.7 (9.8) - - -
Limit of agreement Limit of agreement
+8.6 +19.2
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Plaque area Plaque composition (GSM)
Sample Size Mean diff. (SD) Rho -r CoV % P-value Mean diff (SD) Rho-r CoV % P-value
95% CI of mean 95%CI 95% CI of mean 95%ClI
Lear,2007 (129)
Intra observer - -0.21 mm® 0.922 - - - - - -
to 0.948
Inter observer - 3.61 mm? 0.850 - - - - - -
to 0.901
Persson,1992 (131)
Intra observer (for IMT 13 17.3+13.1 0.92 11.9 <.001 - - - -
area) to 17.3
Inter observer (for IMT 20 15.9+12.5 0.92 11.9 <.001 - - - -
area) to 17.3
Sabetai, 2000 (133)
Inter observer - - - - - -0.05 - - -
(95% CI -1.7 to 1.6)
Spence,2002 (137)
Senior technician 25 - 0.94 - - - - - -
Junior technician 25 - 0.85 - - - - - -
Wijeyaratne,2003 (134)
Intra observer 50 - - - - 0.469 - - -
((plaques)) (95%CI -0.93 to +1.8)
Inter observer 50 - - - - 0.538 - - -
(images) (95%CI -1.2 to +2.3)
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APPENDIX IlI

PRl ¥
VISINDASIDANEFND
Rannséknarstéd Hiartaverndar Ve greain 3, 108 RegiQuonts,
W ilmundur Gudnason, forstiduleknir Simi: 441 7100, Tréfaimi 550 1648

Holasmiri | 4 netfmng: vicindusidanelisd o stris
201 Képavogi

Revkiavik 24. mars 2009
Tilv,: VENDHIOTOAN009/03. 13

Efni: Vardar: 07-062-V6  Oldnmarcannsékn Hjanavemdar: AGES IT, dfangi.
AGES Gene/Ervironment Suceptibility { AGES) Revigovik study second phase,

A fundi sinum 24.03.2009 fjalladi Visindasidanefnd um umsdkn pina dags. 05032008, vegna
yiddhistar nr. 6 vit ofangreinda rannsoknarazetiun

i bréfinu ketnur .. fram ad fekad er eftir leyfi til od bweta vid dmun og seaulémun af halsslagodum
i 2. afanga Oldrunarrannsaknarinnar, Fyrirhugad er ad gera pessa rannsoknir & 230 pitttakendum fri
april 2009 1il desember 2009, U er a8 roba rannsikn par sem annars vegnar verdur notud omun
dsamt agjum myndirvinnslubinadi sem proadur hefur verid af prafessor Tomas Gustalsson,

Visindasidanefnd hefur Farid yfir bréf pitt og innsend giign og gerir ekki athugasemdir vid tilgreindar
breytingar. Rannsakendum er bent i ad i Fylpiskjal nr. 5, upplisingar vegna parttiku, vastar loga
Hijartaverndar.

Vitthot nr, & dsamt fylgighenum vid ofingreinda rannsdkn, er endanlega sampykkl af
Visindasidaneind.

Med
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Hjartavernd

/
Vilmundur Gudnason Personuvernd
Forstodulaknir Rannsdknarstodvar Hjartaverndar
ingmflla 9 Raudarirstig 10 105 Revkjavik
108 REYKJAVIK sitmi: 510.9600 brcfasimi: 510 9606

netfang: postur(@ personuvernd.is

veffang: personuvernd.is

Reykjavik, 14. mai 2002
Tilvisun: 2002050228 MS/--

Personuvernd hefur borist bréf ydar. dags. 30. april 2002, dsamt umsékn um heimild til
vinnslu persénuupplysinga vegna Oldrunarrannséknar sem er nesti afangi i Hoprannsokn
Hjartaverndar sem stadid hefur sidan 1967.

T umsokn ydar kemur fram ad einungis verdur leitad til peirra cinstaklinga scm eftir lifa af

Hoprannsékn Hjartaverndar og ad upplysts sampykkis beirra verdi aflad. Pegar af peimni
astedu gerir Personuvernd ekki athugasemdir vid framangreint.

Virdingarfyllst

Ay i it

Margrét Steinarsdottir
logfredingur
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APPENDIX IV

Maobd 04105
| i

&

VISINDASIDANEFND

Rannsdknarstid Hjaraverndar

Dr. Vilmundur Guonason, forstidoleknir Vegmils3, 106 Reyk
Holiasmara 1

201 Kopavogi Simi: 551 7100, Beefuimic 551 1444

netfang: visindassdanefnd@van str s

Reykjavik 1, november 2005
Tilwisum: VENEIO0S09000%03-13 Umséknir fri Hjmm-nd-'ﬂﬂ-’--

Vardar: 05-112-81 Ahstupiitakionun Hjartaverndar 2005-6.

Visindasidanefnd pakkar svarbeéf pitt, dags. 14.10.2005 vegna adursendra athugasemda vid
ofangreinda rannsdknarisetlun sbr. beéf nefndarinnar dags. 06.10.20035, i bréfinu koma fram svir og
skyringar til samremis vid athugasemdir Visindasidanefndar. Med bréfinu fylgdu ny og endurba:tt
upphisinga- og sampykkishréf dsamt afriti af personuleikaprofi.

Fjallad var um svarbréf pitt og Gnnur innsend gogn 4 fundi Visindasidanefodar 00.11.2005 og voru
pau talin fullnagjandi.

Rannsdknariztiunin er endanlega sampykkt af Visindasidanefnd, en nefndin dréttar po, vegna svars
rannsakenda vid athugasemd Visindasidancfndar ar. 3. ad nefndinni purfa ad berast il umfoéllunar
upplysingar um hverja sendingu lifsyna til erlendra adila pegar par ad kemur, par sem m.a. koma fram
upplysingar um fyrirhugadan flutning lifsyna dr landi, dbyrgdarmann med visrslu peirra og eydingu,
eda endursendingu peirra til virsluadila of vid 4.

Visindasidancfnd bendir rannsakendum vinsamlegast & ad birta V5N tilvisunarnimer

rannsoknarinnar par sem vilnad er i leyli nefmdarinnar § birtum greinum em rannsdknina, Jafnframt
fer Visindasidanefnd fram # ad fi send afrit af birtum greinum wm rannsoknina. Rannsakendur eru

minntir & ad tilkynna rannsoknarlok til nefndarinnar.

Med kvedju,
fh. Visindasidanefndar,

Ol6f ¥rr Atladottir, framkvaemdastjori
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VismNDASIDANEFND

Yeunmaln 3. [0 Kevigjavik.

Rannsaknarstid Hjamaverndar
Dr. Vilmundur Guidnason, forstiduleknir Stenk: 351 7100 Bréfimi: 551 1844
Holtasméara | iy wisdisidane e S0 n

201 Kopavogur

Reykjavik 13, desember 2000
Tilw,: VEMbMOFOMI0NSAT, 13

Efni; Vardar: (15-112-V5 Ahmtluh&n.ﬂihrmn Hjaraverndar 2005-6

A fundi sinum 15.12,200% Galladi Visindasidanefnd om uimsdkn pina dags, 09 12,2009, vegna
vadshitar sir, 5 vid ofanereinda pannsdknariatlun.

| beéfinu kemur moa. fram ad sout er um bey (Gl a8 bjedas bamakendum i ﬁhaau upsttakdnnun
Hjarmaverndar i vidbolrrammsckn: Langsnidsafange Aherupittakonnunarinnar, sem fielir | zér ad
mestu leite enduriekningo & maelingum AhettupdttakSnnunerinnar sem hafst arid 2006 og stendur enn

yiir.

Visindusidanefind hefur farid yiir bréf pitt og imnsend gbgn og gerir ekl athugasemdic vid filereindar
breytingar, Yidhit ne, 3 dsamt fylgighenum vid ofangreinda rannsokn, er endanlega sampykkt af
Wisindasidanefnd.

Med kvedju,
£h ¥ isindasidancindar,

i iy’
.. Jf £ _| -., ek r"?
dr, med., Bjfrn fimar Ladviksson, laknir, Tormadur
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Rannsdknarstid Hiprmavemdar

Vilrnundur Gudnason, forsoaiuleknr PEFS(jﬂU‘-‘remd
Holtasmara 1
201 KOPAVOCG] Hanforiri 1 1465 Revidnik

sl SHIEM . heéhsim S0 0
neshing: prsteriipemese md s
et pemanuetnd &

Reykijavik, 1. juli 2005

Tilvisun: 2005060328 BG/ -

Personuvernd hefar bomst erindi yoae, dapgs, 1. jani 2005, bae semn tilkyantar eno breytingar 4
mnnsdknariztlun § tenglum vl moosdkoime (MONICA 2001 dhetupitaskeinng
Rannsoknarsiddvar Hjartaverndar { héttbili og decfbyli,” sem Persénavernd veirt lepfi fros
pann 13 dpdsr 2001 (il ar 2007 £629).

Oslad per eftir sampykki Perscnuverndar 4 peint breytingum sem tilyreimdar enu | erndinu, sbr,
eftirfarands:

1. MNaf rannsoknarinnar verds beeytt & .'nhmrru]:irubauuun Hijartavemcdar 20156,

2. Ahwttuhirtakénoun siosen st er § umsakn Hjgravemdar ol sisindosddenefudae | MOMICA
2 dbernupdteskeining Rannsdkaarsatdvar Hinrtaverndar 1 peerbil o dreafbrll” ndi cinnig ol
filks & nldnnum 20 ol 65 A

3 Auk pinmsdkna sem Eul'.i.ﬁ er um § dwtlonmm verdt B omskodun af hﬂaﬁhﬁg_'ﬂmn af
patttakendum @ abdrnum 465 dra,

4. Lagdue of fyrs spurnimgpalis 6l oo preiin pessdnuledo patrakends.

5 y um hedsufar op Iy verd Deeym i samocmis il spommgolisa f

Mdrunarmonsdkn Fiarrmvesndar,

. Samipykkingfeltsing verdd breve il samnemis vid Oldeunarrannsakn Hjarsvemndat,

7 Upplysingshladi breyn med vithommppdisingum um hilsacdadmekoefun og persdaubmiaprof,

8 Miduritddur verdd n]"l:ln.r il aft baeey dhmrereinre] Hijarmaverndas,

Personuvernd hefur kyont sér fyrichugadue breytngar og tehur ber nimase innan shalmila pegar
itgefing leyfis fynr mnnsdkoinni, dags. 13, dgist 2000 {(mdl nr 2000 /629), Er pa hockt dl pess ad
sampykkisyfulisingin  hefur vend  endusskodud med dllid 4] umeedde  breytinga 4
rannsoknuraetumnn. Vardand: folgun parakenda med brevungar & drtaki rannscknaerinnae
minnir Persénuvernd hins vegar i sampykkasreglur ne, 17072001,

Viebimgarfyllar

T f o

97



6 Bibliography/References

1. Spence JD. Technology Insight: ultrasound measurement of
carotid plagque--patient management, genetic research, and therapy
evaluation. Nat Clin Pract Neurol. 2006;2(11):611-9. Epub 2006/10/24.

2. Barnett PA, Spence JD, Manuck SB, Jennings JR. Psychological
stress and the progression of carotid artery disease. J Hypertens.
1997;15(1):49-55. Epub 1997/01/01.

3. Arnold JA, Modaresi KB, Thomas N, Taylor PR, Padayachee TS.
Carotid plaque characterization by duplex scanning: observer error may
undermine current clinical trials. Stroke; a journal of cerebral circulation.
1999;30(1):61-5. Epub 1999/01/08.

4. Reilly LM, Lusby RJ, Hughes L, Ferrell LD, Stoney RJ, Ehrenfeld
WK. Carotid plaque histology using real-time ultrasonography. Clinical
and therapeutic implications. Am J Surg. 1983;146(2):188-93. Epub
1983/08/01.

5. Widder B, Paulat K, Hackspacher J, Hamann H, Hutschenreiter S,
Kreutzer C, et al. Morphological characterization of carotid artery
stenoses by ultrasound duplex scanning. Ultrasound in medicine &
biology. 1990;16(4):349-54. Epub 1990/01/01.

6. El-Barghouty NM, Levine T, Ladva S, Flanagan A, Nicolaides A.
Histological verification of computerised carotid plague characterisation.
European journal of vascular and endovascular surgery : the official
journal of the European Society for Vascular Surgery. 1996;11(4):414-6.
Epub 1996/05/01.

7. Petersen C, Pecanha PB, Venneri L, Pasanisi E, Pratali L, Picano

E. The impact of carotid plaque presence and morphology on mortality

98



outcome in cardiological patients. Cardiovascular ultrasound. 2006;4:16.
Epub 2006/03/28.

8. Sztajzel R, Momjian S, Momijian-Mayor |, Murith N, Djebaili K,
Boissard G, et al. Stratified gray-scale median analysis and color
mapping of the carotid plaque: correlation with endarterectomy specimen
histology of 28 patients. Stroke; a journal of cerebral circulation.
2005;36(4):741-5. Epub 2005/02/12.

9. Gronholdt ML, Nordestgaard BG, Schroeder TV, Vorstrup S,
Sillesen H. Ultrasonic echolucent carotid plaques predict future strokes.
Circulation. 2001;104(1):68-73. Epub 2001/07/04.

10. Falk E. Why do plaques rupture? Circulation. 1992;86(6
Suppl):11130-42. Epub 1992/12/01.

11. Strong JP, Malcom GT, Oalmann MC, Wissler RW. The PDAY
Study: natural history, risk factors, and pathobiology. Pathobiological
Determinants of Atherosclerosis in Youth. Annals of the New York
Academy of Sciences. 1997;811:226-35; discussion 35-7. Epub
1997/04/15.

12. Libby P, Ridker PM, Hansson GK. Progress and challenges in
translating the biology of atherosclerosis. Nature. 2011;473(7347):317-
25. Epub 2011/05/20.

13. Grabowski SR, Tortora GJ. Principles of anatomy and physiology.
9 ed. New York

Chichester
Weinheim
Brisbane
Singapore

Toronto: John Wiley & Sons, Inc.; 2000. 1055 p.

99



14. Koenig W, Khuseyinova N. Biomarkers of atherosclerotic plague
instability and rupture. Arteriosclerosis, thrombosis, and vascular biology.
2007;27(1):15-26. Epub 2006/11/04.

15. Linhart A, Gariepy J, Giral P, Levenson J, Simon A. Carotid artery
and left ventricular structural relationship in asymptomatic men at risk for
cardiovascular disease. Atherosclerosis. 1996;127(1):103-12. Epub
1996/11/15.

16. Cuspidi C, Mancia G, Ambrosioni E, Pessina A, Trimarco B,
Zanchetti A. Left ventricular and carotid structure in untreated,
uncomplicated essential hypertension: results from the Assessment
Prognostic Risk Observational Survey (APROS). Journal of human
hypertension. 2004,18(12):891-6. Epub 2004/07/31.

17. Johnsen SH, Mathiesen EB, Fosse E, Joakimsen O, Stensland-
Bugge E, Njolstad I, et al. Elevated high-density lipoprotein cholesterol
levels are protective against plaque progression: a follow-up study of
1952 persons with carotid atherosclerosis the Tromso study. Circulation.
2005;112(4):498-504. Epub 2005/07/20.

18. Andersson J, Sundstrom J, Kurland L, Gustavsson T, Hulthe J,
Elmgren A, et al. The carotid artery plaque size and echogenicity are
related to different cardiovascular risk factors in the elderly: the
Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS)
study. Lipids. 2009;44(5):397-403. Epub 2009/02/24.

19. Goncalves |, Lindholm MW, Pedro LM, Dias N, Fernandes e
Fernandes J, Fredrikson GN, et al. Elastin and calcium rather than
collagen or lipid content are associated with echogenicity of human
carotid plaques. Stroke; a journal of cerebral circulation.
2004;35(12):2795-800. Epub 2004/10/30.

20. Marzullo A, Ciccone MM, Covelli C, Serio G, Ribatti D.

Macrophages and mast cells are involved in carotid plague instability.

100



Romanian journal of morphology and embryology = Revue roumaine de
morphologie et embryologie. 2011;52(3 Suppl):981-4. Epub 2011/12/14.
21. Mauriello A, Servadei F, Sangiorgi G, Anemona L, Giacobbi E,
Liotti D, et al. Asymptomatic carotid plaque rupture with unexpected
thrombosis over a non-canonical vulnerable lesion. Atherosclerosis.
2011;218(2):356-62. Epub 2011/08/05.

22. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation.
1995;92(3):657-71. Epub 1995/08/01.

23. Catalgol B, Kartal Ozer N. Lipid rafts and redox regulation of
cellular signaling in cholesterol induced atherosclerosis. Current
cardiology reviews. 2010;6(4):309-24. Epub 2011/11/02.

24. Libby P. Inflammation in atherosclerosis. Nature. 2002;420:868-74.
25. Glass CK, Witztum JL. Atherosclerosis. the road ahead. Cell.
2001;104(4):503-16. Epub 2001/03/10.

26. Cunningham KS, Gotlieb Al. The role of shear stress in the
pathogenesis of atherosclerosis. Laboratory investigation; a journal of
technical methods and pathology. 2005;85(1):9-23. Epub 2004/11/30.

27. Cheng C, Tempel D, van Haperen R, van der Baan A, Grosveld F,
Daemen MJ, et al. Atherosclerotic lesion size and vulnerability are
determined by patterns of fluid shear stress. Circulation.
2006;113(23):2744-53. Epub 2006/06/07.

28. Bontrager LK. Textbook of Radiographic Positioning and Related
Anatomy. Fifth ed. St. Louis, Missouri 63146: Mosby; 2001 2001.

29. Netter FH. Atlas of human anatomy. Colacino S, editor: Ciba-Geigy
Corporation; 1996.

30. Sobieszczyk P, Beckman J. Carotid artery disease. Circulation.
2006;114(7):e244-7. Epub 2006/08/16.

101



31. Sverrisdottir A, .Sigurdsson, G,. Sigfusson, N,. Sveinbjornsdottir,
S,. Agnarsson, U.,. Heilablodfall, Haprystingur hvad er til rdda? In:
Hjartavernd, editor. Hjartavernd, baeklingur2005. p. 2-15.

32. Nissen SE, Yock P. Intravascular ultrasound: novel
pathophysiological insights and current clinical applications. Circulation.
2001;103(4):604-16. Epub 2001/02/07.

33. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P,
Bornstein N, et al. Mannheim carotid intima-media thickness consensus
(2004-2006). An update on behalf of the Advisory Board of the 3rd and
4th Watching the Risk Symposium, 13th and 15th European Stroke
Conferences, Mannheim, Germany, 2004, and Brussels, Belgium, 2006.
Cerebrovascular diseases (Basel, Switzerland). 2007;23(1):75-80. Epub
2006/11/17.

34. Lind L, Andersson J, Ronn M, Gustavsson T. The echogenecity of
the intima-media complex in the common carotid artery is closely related
to the echogenecity in plaques. Atherosclerosis. 2007;195(2):411-4.
Epub 2007/04/28.

35. Andersson J, Sundstrom J, Gustavsson T, Hulthe J, Elmgren A,
Zilmer K, et al. Echogenecity of the carotid intima-media complex is
related to cardiovascular risk factors, dyslipidemia, oxidative stress and
inflammation: the Prospective Investigation of the Vasculature in Uppsala
Seniors (PIVUS) study. Atherosclerosis. 2009;204(2):612-8. Epub
2009/02/10.

36. Joakimsen O, Bonaa KH, Mathiesen EB, Stensland-Bugge E,
Arnesen E. Prediction of mortality by ultrasound screening of a general
population for carotid stenosis: the Tromso Study. Stroke; a journal of
cerebral circulation. 2000;31(8):1871-6. Epub 2000/08/06.

37. Mathiesen EB, Bonaa KH, Joakimsen O. Echolucent plaques are

associated with high risk of ischemic cerebrovascular events in carotid

102



stenosis: the tromso study. Circulation. 2001;103(17):2171-5. Epub
2001/05/23.

38. Ludwig M, von Petzinger-Kruthoff A, von Buquoy M, Stumpe KO.
[Intima media thickness of the carotid arteries: early pointer to
arteriosclerosis and therapeutic endpoint].  Ultraschall Med.
2003;24(3):162-74. Epub  2003/06/21. Intima-Media-Dicke der
Karotisarterien: Fruher Indikator fur Arteriosklerose und therapeutischer
Endpunkt.

39. Kablak-Ziembicka A, Tracz W, Przewlocki T, Pieniazek P,
Sokolowski A, Konieczynska M. Association of increased carotid intima-
media thickness with the extent of coronary artery disease. Heart.
2004;90(11):1286-90. Epub 2004/10/16.

40. Craven TE, Ryu JE, Espeland MA, Kahl FR, McKinney WM, Toole
JF, et al. Evaluation of the associations between carotid artery
atherosclerosis and coronary artery stenosis. A case-control study.
Circulation. 1990;82(4):1230-42. Epub 1990/10/01.

41. Pancioli AM, Broderick J, Kothari R, Brott T, Tuchfarber A, Miller R,
et al. Public perception of stroke warning signs and knowledge of
potential risk factors. JAMA : the journal of the American Medical
Association. 1998;279(16):1288-92. Epub 1998/05/02.

42. Coskun U, Yildiz A, Esen OB, Baskurt M, Cakar MA, Kilickesmez
KO, et al. Relationship between carotid intima-media thickness and
coronary angiographic findings: a prospective study. Cardiovascular
ultrasound. 2009;7:59. Epub 2010/01/02.

43. Lim TK, Lim E, Dwivedi G, Kooner J, Senior R. Normal value of
carotid intima-media thickness--a surrogate marker of atherosclerosis:
guantitative assessment by B-mode carotid ultrasound. Journal of the

American Society of Echocardiography : official publication of the

103



American Society of Echocardiography. 2008;21(2):112-6. Epub
2007/09/04.

44. Migrino RQ, Bowers M, Harmann L, Prost R, LaDisa JF, Jr. Carotid
plaque regression following 6-month statin therapy assessed by 3T
cardiovascular magnetic resonance: comparison with ultrasound intima
media thickness. Journal of cardiovascular magnetic resonance : official
journal of the Society for Cardiovascular Magnetic Resonance.
2011;13:37. Epub 2011/08/05.

45. Eleid MF, Lester SJ, Wiedenbeck TL, Patel SD, Appleton CP,
Nelson MR, et al. Carotid ultrasound identifies high risk subclinical
atherosclerosis in adults with low framingham risk scores. Journal of the
American Society of Echocardiography : official publication of the
American Society of Echocardiography. 2010;23(8):802-8. Epub
2010/07/02.

46. Touboul PJ, Vicaut E, Labreuche J, Belliard JP, Cohen S,
Kownator S, et al. Design, baseline characteristics and carotid intima-
media thickness reproducibility in the PARC study. Cerebrovascular
diseases (Basel, Switzerland). 2005;19(1):57-63. Epub 2004/11/06.

47. Mathiesen EB, Johnsen SH, Wilsgaard T, Bonaa KH, Lochen ML,
Njolstad I. Carotid plaque area and intima-media thickness in prediction
of first-ever ischemic stroke: a 10-year follow-up of 6584 men and
women: the Tromso Study. Stroke; a journal of cerebral circulation.
2011;42(4):972-8. Epub 2011/02/12.

48. Al-Shali K, House AA, Hanley AJ, Khan HM, Harris SB,
Mamakeesick M, et al. Differences between carotid wall morphological
phenotypes measured by ultrasound in one, two and three dimensions.
Atherosclerosis. 2005;178(2):319-25. Epub 2005/02/08.

49. Finn AV, Kolodgie FD, Virmani R. Correlation between carotid

intimal/medial thickness and atherosclerosis: a point of view from

104



pathology. Arteriosclerosis, thrombosis, and vascular biology.
2010;30(2):177-81. Epub 2009/08/15.

50. Lernfelt B, Forsberg M, Blomstrand C, Mellstrom D, Volkmann R.
Cerebral atherosclerosis as predictor of stroke and mortality in
representative elderly population. Stroke; a journal of cerebral circulation.
2002;33(1):224-9. Epub 2002/01/10.

51. Hunt KJ, Evans GW, Folsom AR, Sharrett AR, Chambless LE,
Tegeler CH, et al. Acoustic shadowing on B-mode ultrasound of the
carotid artery predicts ischemic stroke: the Atherosclerosis Risk in
Communities (ARIC) study. Stroke; a journal of cerebral circulation.
2001;32(5):1120-6. Epub 2001/09/06.

52. Kern R, Szabo K, Hennerici M, Meairs S. Characterization of
carotid artery plaques using real-time compound B-mode ultrasound.
Stroke; a journal of cerebral circulation. 2004;35(4):870-5. Epub
2004/03/06.

53. Li R, Duncan BB, Metcalf PA, Crouse JR, 3rd, Sharrett AR, Tyroler
HA, et al. B-mode-detected carotid artery plaque in a general population.
Atherosclerosis Risk in Communities (ARIC) Study Investigators. Stroke;
a journal of cerebral circulation. 1994;25(12):2377-83. Epub 1994/12/01.
54. Hunt KJ, Pankow JS, Offenbacher S, Kritchevsky SB, Duncan BB,
Shahar E, et al. B-mode ultrasound-detected carotid artery lesions with
and without acoustic shadowing and their association with markers of
inflammation and endothelial activation: the atherosclerosis risk in
communities  study. Atherosclerosis. 2002;162(1):145-55. Epub
2002/04/12.

55. Grogan JK, Shaalan WE, Cheng H, Gewertz B, Desai T, Schwarze
G, et al. B-mode ultrasonographic characterization of carotid
atherosclerotic plaques in symptomatic and asymptomatic patients.

Journal of vascular surgery : official publication, the Society for Vascular

105



Surgery [and] International Society for Cardiovascular Surgery, North
American Chapter. 2005;42(3):435-41. Epub 2005/09/21.

56. Biasi GM, Sampaolo A, Mingazzini P, De Amicis P, El-Barghouty
N, Nicolaides AN. Computer analysis of ultrasonic plaque echolucency in
identifying high risk carotid bifurcation lesions. European journal of
vascular and endovascular surgery : the official journal of the European
Society for Vascular Surgery. 1999;17(6):476-9. Epub 1999/06/22.

57. el-Barghouty N, Nicolaides A, Bahal V, Geroulakos G, Androulakis
A. The identification of the high risk carotid plaque. European journal of
vascular and endovascular surgery : the official journal of the European
Society for Vascular Surgery. 1996;11(4):470-8. Epub 1996/05/01.

58. Spence JD, Eliasziw M, DiCicco M, Hackam DG, Galil R, Lohmann
T. Carotid plague area: a tool for targeting and evaluating vascular
preventive therapy. Stroke; a journal of cerebral circulation.
2002;33(12):2916-22. Epub 2002/12/07.

59. Craiem D, Chironi G, Graf S, Denarie N, Armentano RL, Simon A.
Atheromatous plaque: quantitative analysis of the echogenicity of
different layers. Revista espanola de cardiologia. 2009;62(9):984-91.
Epub 2009/08/29.

60. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus
medial thickness of the arterial wall: a direct measurement with
ultrasound imaging. Circulation. 1986;74(6):1399-406. Epub 1986/12/01.
61. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P,
Desvarieux M, et al. Mannheim intima-media thickness consensus.
Cerebrovascular diseases (Basel, Switzerland). 2004;18(4):346-9. Epub
2004/11/04.

62. Mathiesen EB, Joakimsen O, Bonaa KH. Intersonographer

reproducibility and intermethod variability of ultrasound measurements of

106



carotid artery stenosis: The Tromso Study. Cerebrovascular diseases
(Basel, Switzerland). 2000;10(3):207-13. Epub 2000/04/25.

63. Corti R, Fuster V, Fayad ZA, Worthley SG, Helft G, Chaplin WF, et
al. Effects of aggressive versus conventional lipid-lowering therapy by
simvastatin  on human atherosclerotic lesions: a prospective,
randomized, double-blind trial with high-resolution magnetic resonance
imaging. Journal of the American College of Cardiology. 2005;46(1):106-
12. Epub 2005/07/05.

64. Tahara N, Kai H, Ishibashi M, Nakaura H, Kaida H, Baba K, et al.
Simvastatin  attenuates plaque inflammation: evaluation by
fluorodeoxyglucose positron emission tomography. Journal of the
American College of Cardiology. 2006;48(9):1825-31. Epub 2006/11/07.
65. Cai JM, Hatsukami TS, Ferguson MS, Small R, Polissar NL, Yuan
C. Classification of human carotid atherosclerotic lesions with in vivo
multicontrast magnetic resonance Imaging. Circulation.
2002;106(11):1368-73. Epub 2002/09/11.

66. Diethrich EB, Pauliina Margolis M, Reid DB, Burke A, Ramaiah V,
Rodriguez-Lopez JA, et al. Virtual histology intravascular ultrasound
assessment of carotid artery disease: the Carotid Artery Plaque Virtual
Histology = Evaluation (CAPITAL) study. J Endovasc Ther.
2007;14(5):676-86. Epub 2007/10/11.

67. Zainon R, Ronaldson JP, Janmale T, Scott NJ, Buckenham TM,
Butler AP, et al. Spectral CT of carotid atherosclerotic plaque:
comparison with histology. European radiology. 2012. Epub 2012/07/05.
68. Geva T. Magnetic resonance imaging: historical perspective.
Journal of cardiovascular magnetic resonance : official journal of the
Society for Cardiovascular Magnetic Resonance. 2006;8(4):573-80.
Epub 2006/07/28.

107



69. Hornak JP. The Basics of MRI. Henietta, NY: Interactive Learning
Software; 2011, Available from:

http://www.cis.rit.edu/htbooks/mri/index.html.

70. Pomeranz SJ, Taranto R. Imaging on trial: MRI versus CT. Informa
UK Ltd; 2007 [cited 2012]; Available from: www.wcclinical.com/wp-
content/uploads/2011/01/gcpj.pdf.

71. Chu B, Ferguson MS, Chen H, Hippe DS, Kerwin WS, Canton G,

et al. Magnetic [corrected] resonance imaging [corrected] features of the

disruption-prone and the disrupted carotid plaque. JACC Cardiovascular
imaging. 2009;2(7):883-96. Epub 2009/07/18.

72. Stikova E. Magnetic resonance imaging safety: principles and
guidelines. Prilozi / Makedonska akademija na naukite i umetnostite,
Oddelenie za bioloski i medicinski nauki = Contributions / Macedonian
Academy of Sciences and Arts, Section of Biological and Medical
Sciences. 2012;33(1):441-72. Epub 2012/10/06.

73. Trivedi RA, J UK-I, Graves MJ, Horsley J, Goddard M, Kirkpatrick
PJ, et al. Multi-sequence in vivo MRI can quantify fibrous cap and lipid
core components in human carotid atherosclerotic plagues. European
journal of vascular and endovascular surgery : the official journal of the
European Society for Vascular Surgery. 2004;28(2):207-13. Epub
2004/07/06.

74. Kwee RM, van Engelshoven JM, Mess WH, ter Berg JW,
Schreuder FH, Franke CL, et al. Reproducibility of fibrous cap status
assessment of carotid artery plaques by contrast-enhanced MRI. Stroke;
a journal of cerebral circulation. 2009;40(9):3017-21. Epub 2009/06/27.
75. de Weert TT, Cretier S, Groen HC, Homburg P, Cakir H, Wentzel
JJ, et al. Atherosclerotic plaque surface morphology in the carotid

bifurcation assessed with multidetector computed tomography

108



angiography. Stroke; a journal of cerebral circulation. 2009;40(4):1334-
40. Epub 2009/03/07.

76. de Weert TT, de Monye C, Meijering E, Booij R, Niessen WJ,
Dippel DW, et al. Assessment of atherosclerotic carotid plaque volume
with multidetector computed tomography angiography. The international
journal of cardiovascular imaging. 2008;24(7):751-9. Epub 2008/04/01.
77. Uchiyama N, Misaki K, Mohri M, Watanabe T, Hirota Y, Nakada M,
et al. Association between carotid plaque composition assessed by
multidetector computed tomography and cerebral embolism after carotid
stenting. Neuroradiology. 2012;54(5):487-93. Epub 2011/07/26.

78. Seeram E. Computed tomography. Physical Principles, Clinical
Applications, and Quality Control. 2 ed. Philadelphia: Saunders; 2001.
430 p.

79. de Weert TT, Ouhlous M, Zondervan PE, Hendriks JM, Dippel DW,
van Sambeek MR, et al. In vitro characterization of atherosclerotic
carotid plaque with multidetector computed tomography and
histopathological correlation. European radiology. 2005;15(9):1906-14.
Epub 2005/04/05.

80. de Weert TT, Ouhlous M, Meijering E, Zondervan PE, Hendriks
JM, van Sambeek MR, et al. In vivo characterization and quantification of
atherosclerotic carotid plague components with multidetector computed
tomography and histopathological correlation.  Arteriosclerosis,
thrombosis, and vascular biology. 2006;26(10):2366-72. Epub
2006/08/12.

81. Smith-Bindman R, Lipson J, Marcus R, Kim KP, Mahesh M, Gould
R, et al. Radiation dose associated with common computed tomography
examinations and the associated lifetime attributable risk of cancer.
Archives of internal medicine. 2009;169(22):2078-86. Epub 2009/12/17.

109



82. Analoui.M. BJD, Peterson.D.R.,. Medical Imaging principles and
practices: CRC Press, Taylor&Francis Group; 2013.

83. Anon. Positron Emission Tomography — Computed Tomography
(PET/CT). Radiological Society of North America, Inc. (RSNA); 2012
[cited 2012]; Available from:
http://www.radiologyinfo.org/en/info.cfm?pg=pet#part_one.

84. Rudd JH, Warburton EA, Fryer TD, Jones HA, Clark JC, Antoun N,

et al. Imaging atherosclerotic plaque inflammation with [18F]-

fluorodeoxyglucose positron emission tomography. Circulation.
2002;105(23):2708-11. Epub 2002/06/12.

85. Vaughan editor D. A Vital Legacy - Biological and Environmental
Research in the Atomic Age. 2010.

86. Rudd JH, Myers KS, Bansilal S, Machac J, Pinto CA, Tong C, et al.
Atherosclerosis inflammation imaging with 18F-FDG PET: carotid, iliac,
and femoral uptake reproducibility, quantification methods, and
recommendations. Journal of nuclear medicine : official publication,
Society of Nuclear Medicine. 2008;49(6):871-8. Epub 2008/05/17.

87. Soloperto G, Casciaro S. Progress in atherosclerotic plaque
imaging. World journal of radiology. 2012;4(8):353-71. Epub 2012/09/01.
88. Tawakol A, Migrino RQ, Bashian GG, Bedri S, Vermylen D, Cury
RC, et al. In vivo 18F-fluorodeoxyglucose positron emission tomography
imaging provides a noninvasive measure of carotid plaque inflammation
in patients. Journal of the American College of Cardiology.
2006;48(9):1818-24. Epub 2006/11/07.

89. Chen W, Bural GG, Torigian DA, Rader DJ, Alavi A. Emerging role
of FDG-PET/CT in assessing atherosclerosis in large arteries. European
journal of nuclear medicine and molecular imaging. 2009;36(1):144-51.
Epub 2008/11/05.

110



90. Rudd JH, Myers KS, Bansilal S, Machac J, Rafique A, Farkouh M,
et al. (18)Fluorodeoxyglucose positron emission tomography imaging of
atherosclerotic plaque inflammation is highly reproducible: implications
for atherosclerosis therapy trials. Journal of the American College of
Cardiology. 2007;50(9):892-6. Epub 2007/08/28.

91. Fayad ZA, Fuster V. Clinical imaging of the high-risk or vulnerable
atherosclerotic plague. Circulation research. 2001;89(4):305-16. Epub
2001/08/18.

92. Diethrich EB, Irshad K, Reid DB. Virtual histology and color flow
intravascular ultrasound in peripheral interventions. Seminars in vascular
surgery. 2006;19(3):155-62. Epub 2006/09/26.

93. Kopchok GE, Donayre CE, White RA. Principles and devices.
Seminars in vascular surgery. 2006;19(3):128-31. Epub 2006/09/26.

94. Wilson EP, White RA, Kopchok GE. Utility of intravascular
ultrasound in carotid stenting. Journal of endovascular surgery : the
official journal of the International Society for Endovascular Surgery.
1996;3(1):63-8. Epub 1996/02/01.

95. Bocksch W, Fateh-Moghadam S, Huehns S, Schartl M. Influence
of different lipid-lowering strategies on plaque volume and plaque
composition in patients with coronary artery disease: role of intravascular
ultrasound imaging. Kidney Blood Press Res. 2005;28(5-6):290-4. Epub
2006/03/15.

96. Gogas BD, Farooq V, Serruys PW, Garcia-Garcia HM. Assessment
of coronary atherosclerosis by IVUS and IVUS-based imaging
modalities: progression and regression studies, tissue composition and
beyond. The international journal of cardiovascular imaging.
2011;27(2):225-37. Epub 2011/03/05.

111



97. Donald I. Apologia: how and why medical sonar developed. Annals
of the Royal College of Surgeons of England. 1974;54(3):132-40. Epub
1974/03/01.

98. Woo J. 2006; Available from: http://www.ob-

ultrasound.net/dussikbio.html.

99. de Korte CL, Hansen HH, van der Steen AF. Vascular ultrasound
for atherosclerosis imaging. Interface focus. 2011;1(4):565-75. Epub
2012/08/07.

100. Hoskins P, Thrush A, Martin K, Whittingham T, Ramnarine KV,
Dudley NJ, et al. Diagnostic Ultrasound Physics and Equipment. London

San Francisco: Greenwich Medical Media Limited; 2003. 233 p.

101. Whittingham TA. New and future developments in ultrasonic
imaging. The British journal of radiology. 1997;70 Spec N0:S119-32.
Epub 1998/04/16.

102. Shi H, Varghese T, Mitchell CC, McCormick M, Dempsey RJ,
Kliewer MA. In vivo attenuation and equivalent scatterer size parameters
for atherosclerotic carotid plaque: preliminary results. Ultrasonics.
2009;49(8):779-85. Epub 2009/07/31.

103. Fenster A, Downey DB, Cardinal HN. Three-dimensional
ultrasound imaging. Physics in medicine and biology. 2001;46(5):R67-
99. Epub 2001/06/01.

104. Vicenzini E, Galloni L, Ricciardi MC, Pro S, Sirimarco G, Pulitano
P, et al. Advantages and pitfalls of three-dimensional ultrasound imaging
of carotid bifurcation. European neurology. 2011;65(6):309-16. Epub
2011/05/18.

105. Palombo C, Kozakova M, Morizzo C, Andreuccetti F, Tondini A,
Palchetti P, et al. Ultrafast three-dimensional ultrasound: application to
carotid artery imaging. Stroke; a journal of cerebral circulation.
1998;29(8):1631-7. Epub 1998/08/26.

112



106. Gee A, Prager R, Treece G, Berman L. Engineering a freehand 3D
ultrasound system. Pattern Recognition Letters. 2003;24(4-5):757-77.
107. Sigurdsson S. AGES study, Age Gene/Environment Susceptibility
study (Oldrunarrannsokn Hjartaverndar). Geislar. 2002(1).

108. Sigurdsson G, Nikulasson, S., Sigurdsson, A., Gudnasons, V., G.,
Eiriksdottir, G., Magnusson, S., bérsson, B., Anderssen, K.,. Hjartavernd
i 40 ar. Hjartavernd. 2004;39(1):36.

109. Harris TB, Launer LJ, Eiriksdottir G, Kjartansson O, Jonsson PV,
Sigurdsson G, et al. Age, Gene/Environment Susceptibility-Reykjavik
Study: multidisciplinary applied phenomics. Am J Epidemiol.
2007;165(9):1076-87. Epub 2007/03/14.

110. Saczynski JS, Sigurdsson S, Jonsdottir MK, Eiriksdottir G, Jonsson
PV, Garcia ME, et al. Cerebral infarcts and cognitive performance:
importance of location and number of infarcts. Stroke; a journal of
cerebral circulation. 2009;40(3):677-82. Epub 2009/01/10.

111. Sigurdsson S, Aspelund T, Forsberg L, Fredriksson J, Kjartansson
O, Oskarsdottir B, et al. Brain tissue volumes in the general population of
the elderly: the AGES-Reykjavik study. Neurolmage. 2012;59(4):3862-
70. Epub 2011/11/29.

112. Adalsteinsson BT, Gudnason H, Aspelund T, Harris TB, Launer LJ,
Eiriksdottir G, et al. Heterogeneity in white blood cells has potential to
confound DNA methylation measurements. PloS one.
2012;7(10):e46705. Epub 2012/10/17.

113. Anon. REFINE. Icelandic Heart Association; 2012; Available from:
http://www.hjarta.is/english/refine.

114. Bots ML, Evans GW, Riley WA, Grobbee DE. Carotid intima-media

thickness measurements in intervention studies: design options,

progression rates, and sample size considerations: a point of view.

113



Stroke; a journal of cerebral circulation. 2003;34(12):2985-94. Epub
2003/11/15.

115. Gronholdt ML. Ultrasound and lipoproteins as predictors of lipid-
rich, rupture-prone plaques in the carotid artery. Arteriosclerosis,
thrombosis, and vascular biology. 1999;19(1):2-13. Epub 1999/01/15.
116. Gray-Weale AC, Graham JC, Burnett JR, Byrne K, Lusby RJ.
Carotid artery atheroma: comparison of preoperative B-mode ultrasound
appearance with carotid endarterectomy specimen pathology. J
Cardiovasc Surg (Torino). 1988;29(6):676-81. Epub 1988/11/01.

117. R Development Core Team. R: A language and environment for
statistical computing. Vienna, Austria. R Foundation for Statistical

Computing; 2010; Available from: http://www.R-project.org/.

118. Plackett RL. Karl Pearson and the Chi-squared Test. International
Statistical Review. 1983;51:59-72.

119. Chambers JM, Cleveland WS, Kleiner B, Tukey PA. Graphical
Methods for Data Analysis: Wadsworth & Brooks/Cole; 1983.

120. Bland JM, Altman DG. Measuring agreement in method
comparison studies. Statistical methods in medical research.
1999;8(2):135-60. Epub 1999/09/29.

121. Efron B, Tibshirani RJ. An Introduction to the Bootstrap. Bootstrap
(Statistics). Boca Raton, London, New York, Washington, D.C.:
Chapman & Hall/CRC; 1993. p. 168-77.

122. Gronholdt ML, Nordestgaard BG, Wiebe BM, Wilhjelm JE, Sillesen
H. Echo-lucency of computerized ultrasound images of carotid
atherosclerotic plaques are associated with increased Ilevels of
triglyceride-rich lipoproteins as well as increased plaque lipid content.
Circulation. 1998;97(1):34-40. Epub 1998/01/27.

123. Spence JD, Eliasziw M, DiCicco M, Hackam DG, Galil R, Lohmann

T. Carotid plague area - A tool for targeting and evaluating vascular

114



preventive therapy. Stroke; a journal of cerebral circulation.
2002;33(12):2916-22.

124. Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet.
1986;1(8476):307-10. Epub 1986/02/08.

125. de Bray JM, Baud JM, Delanoy P, Camuzat JP, Dehans V,
Descamp-Le Chevoir J, et al. Reproducibility in ultrasonic
characterization of carotid plaques. Cerebrovascular diseases (Basel,
Switzerland). 1998;8(5):273-7. Epub 1998/09/17.

126. Sztajzel R, Momijian-Mayor I, Comelli M, Momjian S. Correlation of
cerebrovascular symptoms and microembolic signals with the stratified
gray-scale median analysis and color mapping of the carotid plaque.
Stroke; a journal of cerebral circulation. 2006;37(3):824-9. Epub
2006/02/04.

127. Chien KL, Su TC, Jeng JS, Hsu HC, Chang WT, Chen MF, et al.
Carotid artery intima-media thickness, carotid plaque and coronary heart
disease and stroke in Chinese. PloS one. 2008;3(10):e3435. Epub
2008/10/18.

128. Sutton-Tyrrell K, Wolfson SK, Jr., Thompson T, Kelsey SF.
Measurement variability in duplex scan assessment of carotid
atherosclerosis. Stroke; a journal of cerebral circulation. 1992;23(2):215-
20. Epub 1992/02/11.

129. Lear SA, Humphries KH, Kohli S, Frohlich JJ, Birmingham CL,
Mancini GB. Visceral adipose tissue, a potential risk factor for carotid
atherosclerosis: results of the Multicultural Community Health
Assessment Trial (M-CHAT). Stroke; a journal of cerebral circulation.
2007;38(9):2422-9. Epub 2007/08/04.

130. Altman DG, Bland JM. Measurement in Medicine: the Analysis of
Method Comparison Studies. The Statistician. 1983;32:307-17.

115



131. Persson J, Stavenow L, Wikstrand J, Israelsson B, Formgren J,
Berglund G. Noninvasive quantification of atherosclerotic lesions.
Reproducibility of ultrasonographic measurement of arterial wall
thickness and plaque size. Arteriosclerosis and thrombosis : a journal of
vascular biology / American Heart Association. 1992;12(2):261-6. Epub
1992/02/01.

132. Joakimsen O, Bonaa KH, Stensland-Bugge E. Reproducibility of
ultrasound assessment of carotid plagque occurrence, thickness, and
morphology. The Tromso Study. Stroke; a journal of cerebral circulation.
1997;28(11):2201-7. Epub 1997/11/22.

133. Sabetai MM, Tegos TJ, Nicolaides AN, Dhanjil S, Pare GJ,
Stevens JM. Reproducibility of computer-quantified carotid plaque
echogenicity: can we overcome the subjectivity? Stroke; a journal of
cerebral circulation. 2000;31(9):2189-96. Epub 2000/09/08.

134. Wijeyaratne SM, Jarvis S, Stead LA, Kibria SG, Evans JA, Gough
MJ. A new method for characterizing carotid plague: multiple cross-
sectional view echomorphology. Journal of vascular surgery : official
publication, the Society for Vascular Surgery [and] International Society
for Cardiovascular Surgery, North American Chapter. 2003;37(4):778-84.
Epub 2003/03/29.

135. Rubba P, Panico S, Bond MG, Covetti G, Celentano E, lannuzzi A,
et al. Site-specific atherosclerotic plaques in the carotid arteries of
middle-aged women from southern Italy: associations with traditional risk
factors and oxidation markers. Stroke; a journal of cerebral circulation.
2001;32(9):1953-9. Epub 2001/09/08.

136. Denzel C, Fellner F, Wutke R, Bazler K, Muller KM, Lang W.
Ultrasonographic analysis of arteriosclerotic plaques in the internal
carotid artery. Eur J Ultrasound. 2003;16(3):161-7. Epub 2003/02/08.

116



137. Spence JD. Ultrasound measurement of carotid plaque as a
surrogate outcome for coronary artery disease. The American journal of
cardiology. 2002;89(4A):10B-5B; discussion 5B-6B. Epub 2002/03/07.

117



118



