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PART A

THE GRONINGEN HYPERTENSION SERVICE

The Groningen Hypertension Service is a cooperation of the Department of General

Practice, Internal Medicine, Cardiology and Clinical Pharmacology of the Academic

Hospital Groningen and of the General practitioners laboratory and the Municipal

Health Service Agency in Groningen. The aim of the Groningen Hypertension Service

is improving the detection and treatment of hypertension in the general populations.

For this purpose, large population based screening programs have been conducted.

The present studies are derived from a population screening performed in the

municipalities of Winschoten and Scheemda in 1996.

In table 1 the inhabitants who responded to the population screening are divided in

three age groups (25 –59 years, 60-74 years and above 75 years of age). A total of

7618 persons attended the screening in Winschoten and Scheemda, which consisted

of 23.289 inhabitants. This resulted in a percentage of 33% who attended the screening.

This is quite low in the history of the Groningen Hypertension Service and the reason

for the lower than expected attendance rate was merely due to the extremely bad

weather in the winter of 1996.

In table 1 persons were divided in 3 groups of diastolic blood pressure and 2 groups

of systolic blood pressure, with or without antihypertensive medication. A total of

4.5 % persons between 25 and 59 years of age were detected having untreated diastolic

hypertension. This number is close to the average of 4.6% which had been found as

an average in the 10 previous large-population based screening programs performed

by the Groninger Hypertension Service. As expected, the prevalence of systolic

hypertension increased with age.

PART B

LEFT VENTRICULAR MASS AND DIASTOLIC FUNCTION

MEASUREMENTS

Cardiac organ damage

a. Left ventricular mass

Left ventricular hypertrophy plays a central role in chronic adaptation to pressure or

volume overload of the systemic circulation in hypertensive patients. The degree of

hypertrophy parallels the severity of overload. The detection of extreme hypertrophy
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may indicate a poor prognosis 1,2.

Serial 2-D ultrasound assessment of left ventricular (cardiac muscle) mass (LVM) is an

essential element in a study of left ventricular hypertrophy. The non-invasive basis and

the wide applicability of echocardiography makes it an appealing method for the systemic

serial evaluation of LVH. Also the substantially greater sensitivity for detection of LVH

by echocardiographic methods rather than electrocardiographic methods, favours the

use of echocardiography in detecting left ventricular hypertrophy.

Several echocardiographic methods have been developed to measure left ventricular

mass.

The echocardiographic determination of left ventricular mass in man developed by

Devereux and Reichnek is a well accepted method 3,4. This method uses the criteria from

the Penn Convention. This means that in a standard parasternal view, the endocardial

echo lines will be excluded in the thickness of the IVS and LVPW, and will be included

in the EDD. By this method, the anatomic LVM (in gram’s) is defined as:

Age 25-59 y Age 60-74 y Age ≥ 75 y

   N=5107    N= 1969    N= 542

DBP

≥ 95 mmHg 228 4.5 % 172 8.7 % 36 6.6 %

(without med.)

≥ 95 mmHg 60 1.1 % 52 2.6 % 16 3.0 %

(with med.)

< 95 mmHg 240 4.7 % 304 15.4 % 91 16.8 %

(with med.)

528 10.3 % 528 26.7 % 143 26.4 %

SBP

≥ 160 mmHg 150 2.9 % 214 10.9 %  81 15 %

(no med.)

≥ 160 mmHg 18 0.4 % 65 3.3 %  23 4.2 %

(with med.)

168 3.3 % 279 14.2 % 104 19.2 %

DBP =  Diastolic Blood Pressure, SBP = Systolic Blood Pressure, y = years of age,

med. = medication.

Table 1
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LVM = 1.04 * (IVS + LVPW + EDD)3 - EDD3) - 13.6    (g)

In this way the left ventricular mass can be calculated. To calculate the Left Ventricular

Mass Index (LVMI), the LVM is divided by the Body Surface Area (BSA).

LVH may be defined if a cut-off-point of an LVMI of ≥ 125 g/m2 (according to Koren) is

reached 5.

Relative ventricular wall thickness will be assessed in order to achieve four classes of

cardiac geometry. About geometry, the left ventricle remodels in a pattern that is distinctive

for the underlying stress. In response to chronic pressure overload, the left ventricle

gradually remodels in a pattern of concentric hypertrophy characterized by the parallel

addition of myofibrils and thickening of the left ventricular walls with little change in

cavity size, whereas chronic volume overload is characterized by eccentric hypertrophy

in which the increase in left ventricular mass is associated with the serial addition of

myofibrils and the subsequent enlargement of the left ventricle mass with the serial addition

of myofibrils and the subsequent enlargement of the left ventricular cavity with relatively

less increase in wall thickness.

In patients with chronic pressure overload caused by chronic hypertension, the geometric

remodelling of concentric hypertrophy has the adaptive benefit of normalizing systolic

wall stress and preserving normal systolic shortening. However, the adaptation of cardiac

hypertrophy does not necessarily improve diastolic function in patients.

b. Left ventricular diastolic function

Left ventricular diastolic dysfunction is thought to be an important cause of cardiac

morbidity and appears to be one of the earliest detectable abnormalities in several disorders6.

Diastolic dysfunction can be considered operationally to be a condition in which filling

of the left ventricle is impeded. Diastolic performance can be described conceptually by

two distinct and occasionally discordant parameters, relaxation and compliance 7.

The only definitive method for assessing these parameters requires direct measurement

of intracardiac pressures, which can only be obtained by cardiac catheterisation. To avoid

the risk, expense, and inconvenience of catheterisation non-invasive methods for assessing

diastolic function have been developed.

In this way the pulsed Doppler echocardiography has emerged as the preferred method to

assess patterns of left ventricular filling because of its ease of use and superior temporal

and velocity resolution. The time course of ventricular filling can be used to infer

information about ventricular relaxation and compliance.
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The normal mitral flow resembles the M-mode recording of the normal mitral valve. A

passive filling component (E) is followed by an active one, caused by atrial contraction

(A).

The E-wave arises from the rapid filling, which occurs just after mitral valve opening

with active ventricular relaxation. Thereafter follows a period of diastasis with relatively

low velocity. A small secondary wave may be seen, caused by inflow from the pulmonary

veins. Finally comes the A-wave, arising from atrial contraction. In the normal heart, the

flow velocity at E is the highest and the E/A ratio ≥ 1. In the elderly and in patients with

hypertension the flow velocity at E is much lower and the E/A ratio becomes < 1.

At the time of mitral valve opening, the blood within the mitral valve apparatus is stationary.

This mass of blood is then accelerated by the growth in the atrioventricular pressure

gradient as the ventricle relaxes. So velocity acceleration is strongly influenced by

ventricular relaxation. As the velocity of blood within the mitral valve rises, volume is

transferred from the atrium to the ventricle, causing the atrioventricular pressure gradient

to fall, which in turn leads to deceleration of blood velocity. Because a change in chamber

pressure with changing volume is fundamentally related to chamber compliance, velocity

deceleration is closely tied to ventricular compliance.

In the hypertensive heart ventricular diastolic function is frequently impaired, and in

many instances diastolic abnormalities occur in the absence of detectable left ventricular

hypertrophy and systolic dysfunction 8,9. The development of effective antihypertensive

drugs has led to the realization that regression of left ventricular hypertrophy may be

associated with normalization of abnormal diastolic function and clinical improvement.

Abnormalities of left ventricular diastolic function are classified as either those related to

left ventricular relaxation and early ventricular filling or those associated with altered left

ventricular pressure-volume and stress-strain relationships. However, many factors are

known to influence both early left ventricular filling and compliance; in patients with

hypertension, the effects of altered hemodynamics, ventricular hypertrophy, and myocardial

ischemia may each contribute to an impairment of diastolic function.

2-D echocardiographic measurements of the left ventricular mass.

a. Equipment and quality:

All patients were scanned by the same sonographer. For all echocardiographic

measurements an ACUSON 128-XP5 with a 2.0-2.5 MHz. phased array transducer was

used.
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In order to do reproducibly replicate 2-D mode scans the sonographer:

- scanned from a standard parasternal long axis view. To obtain the long axis view, the

transducer was placed in the third or fourth intercostal space on the left side of the

sternum. A standard long axis view was obtained if the following structures were visible

in one plane: part of the right ventricle, the aortic valve, the mitral valve, the left atrium

and the greatest length and width of the left ventricle; the IVS was hit perpendicularly

by the ultrasound. Rather often a moderator band was found in the right ventricle.

- position of the patient and quality of the recordings. Measurements were done with the

patient lying at 900 on the left side. To make the acoustic window as large as possible,

the patients left upper arm was under the level of the left shoulder and the right lower

arm was leaning on the patients lower trunk; head and spine were bent forward a little.

- general left ventricle function and valve function (mitral and aortic) were screened in

all patients, and abnormalities were noted. Persons with abnormal left ventricle function

or abnormal left ventricle shape were excluded for the echocardiographic measurements.

b. Left ventricle mass measurement:

Before the echocardiographic measurements a three-lead electrocardiograph was attached

to the patient. During the echocardiographic measurements a three-lead electrocardiograph

recorded the electrocardiographic activation. In this way the EDD could be measured

exactly at the top of the R-wave.

The patient was positioned in the left decubitus position.

A S-VHS videotape was inserted in the VCR. The demographic data of the patient were

(re)checked.

The optimal standard parasternal view was looked for. The thickness of the IVS (in mm.)

and the LVPW (in mm.) were measured at the R-top using cine-loop.

The IVS was measured close to the aortic valve, about 2 cm below the aortic valve, and

where two echocardiographic lines could be distinguished. The thickness of the IVS was

the perpendicularly measured distance between the endocardium of the left and right

ventricle. The moderator band of the right ventricle was not part of the IVS measurement

and had to be distinguished from the IVS.

The LVPW (in mm.) measurement were performed close to the posterior mitral leaflet in

order to make an optimal measurement of the left ventricle posterior wall. Usually, only

a small part of the LVPW just below the PML and above the papillary muscles was

suitable for measurement. This LVPW measurement did not include the papillary muscles
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or chordae, and these had to be distinguished from the left ventricle posterior wall. Both

the IVS and LVPW measurement were performed on-line and on-screen and not by use

of M-mode to make an optimal transversal cut of the left ventricle muscle.

After these measurements the EDD was measured using the same cardiac cycle. The

Penn Convention was used, meaning the endocardiac lines were not part of the left ventricle

muscle measurements (IVS and LVPW) but were measured in the EDD.

For a single patient the parameters IVS, LVPW and the EDD were measured three times.

For LVM calculations, the average value of the three measurements for each of the

parameters were used. The averaged values were used in the Devereux formula.

c. Calculations:

LVM

LVM (in gram’s) was calculated according to the formula as corrected by Devereux:

LVM = 1.04 * ((IVS + LVPW + EDD)3 - EDD3) - 13.6 g   (g/m2)

LVMI

The LVM was indexed for body the body surface area (BSA1):

This gave the LVMI = LVM g/m2/BSA g/m2  g/m2

To detect left ventricular hypertrophy a cut-off point of left ventricular mass index ≥ 125

g/m2 according to Koren was used (LVH: ≥ 125 g/m2).

RWT

The relative wall thickness (RWT) was calculated according to the formula as used by

Koren:

1) The body surface area was calculated as: BSA = 0.007184 * (weight in kg.0.425 * length

in cm.0.725). Normal value: 1.8-2.2 kg/m2)
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RWT = 2 * LVPW / EDD

Increased RWT: ≥ 0.45

Normal RWT Increase RWT

No LVH Normal Geometry Concentric remodeling

      LVH Eccentric LVH Concentric LVH

LV Geometry

With use of RWT and with presence or absence of LV hypertrophy, LV geometry was

subdivided according to the schedule as used by Koren:

Figure showing the prevalence of different left ventricular geometry groups in an elderly

hypertensive population studied.
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2-D echocardiographic measurements of the diastolic function.

a. Measurements of LV diastolic function

Diastolic measurements of the diastolic function were done in the apical four chamber

view. When the transducer was placed on the palpable apex, the apical view was obtained.

In order to obtain the four chamber view the transducer had to be directed towards the

right shoulder in such a way that the sector plane intersected both ventricles in their long

axis and was positioned correctly, if the right ventricle was as large as possible. This

resulted in a view of both ventricles and both atria with mitral and tricuspid valves.

In order to measure the IVRT the apical five chamber view had to be obtained. In order to

get the five chamber view, the sector plane had to be directed more anteriorly. The five

chamber view showed both ventricles, both atria and the left ventricle outflow tract and

the aortic valve and part of the aortic root in one plane. The IVRT was measured with the

pulsed Doppler sample placed just apical of the anterior mitral valve leaflet, to obtain

both (systolic) aortic outflow tract signal and (diastolic) mitral inflow signal. IVRT was

defined as time between end of aortic signal and beginning of mitral inflow signal.

After obtaining the optimal four chamber apical view, the inflow velocities into the left

ventricle were measured using the pulsed Doppler technique. Therefore the Doppler sample

had to be placed exactly between the tips of the mitral valve leaflets to obtain maximal

flow velocity signals.

When an optimal pulsed Doppler exam was obtained, the image had to be frozen, using

cine-loop. In this way the integral of both the E wave and A wave were measured, as well

as the total diastolic flow integral. Also the peak of the E wave and the A wave were

measured using the same cardiac cycle segment. The PHT of the E wave was measured

as well. The software of the Acuson XP-5 calculated the individual diastolic function

parameters. Time measurements were also performed.

Heart rate was recorded during the measurements.

Every measurement was performed end-expiratory, on-line and on-screen.

After the measurements a print showed the final results of the diastolic function

measurements as well as the left ventricular mass measurements.

b. Calculations of LV diastolic function:

E/A ratio ratio of (peak) early filling to atrial filling
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PART C

HIGH RESOLUTION B-MODE ULTRASOUND IMAGING OF THE

CAROTID AND THE FEMORAL ARTERIAL WALLS

Abbreviations and expressions used.

CCA Common Carotid Artery

BUL Bulbus of the Carotid Artery

ICA Internal Carotid Artery

ECA External Carotid Artery

CFA Common Femoral Artery

SFA Superficial Femoral Artery

IMT Intima-Media Thickness*

N/F Near/Far Wall

R/L Right/Left

Y/N Yes/No

LL/AP Latero-lateral/Antero-posterior

RES Regional Expansion Selection

MAN/AUT Manual tracking mode/semi-automated tracking mode

WIDTH The average of the distances between the two interfaces

defining the average IMT

MEAN Average IMT between the two interfaces

MAX The MAXimum IMT of a single IMT measurement

MIN The MINimum IMT of a single IMT measurement

SD Standard deviation of the WIDTH.

EDGE LENGTH Combined length along those pixels between which a

measurement was actually done

TOTAL LENGTH Distance between the first and last pixel of which a

measurement was done

MEAS.DISTANCE Distance between the first and the last pixel of any

of the two interfaces

 All values of the B-mode measurement parameters are given in millimetres (mm).



40

Chapter 3

INTRODUCTION

The occurrence of human atherosclerosis has traditionally been investigated by means

of autopsy, angiographic and Doppler studies 1-3. None of these are adequate techniques

to assess the occurrence and the progression, or regression, of early and non-

symptomatic atherosclerosis 4. Early atherosclerosis can be studied by means of high-

resolution B-mode ultrasound imaging of the arterial wall of the carotid and femoral

arteries 5. Unlike angiography, which investigates the vascular contours and lumen,

B-mode ultrasound enables observation of the status and the change in the structural

morphology of the vascular wall itself prior to plaque formation.

As shown by Pignoli 6 in the far wall of the distal common carotid artery, the ultrasound

double line pattern represents the lumen-intima interface and the media-adventitia

interface. Since the leading edges of the far wall B-mode double-line pattern represent

the boundaries of the morphological intima-media complex, the distance between

these edges is called intima-media thickness (IMT) 7,8. Increase in IMT is regarded

as an important early event in atherogenesis 9.

The progression of IMT is influenced by multiple cardiovascular risk factors 10-15

such as age, LDL-cholesterol 10,16,17, hypertension 18,19 and smoking 20 as its strongest

determinants. As was shown by a number of intervention studies with cholesterol

lowering drugs 21-23, a reduction of the risk factors, like LDL-cholesterol, may

favourably influence (decrease) the progression of IMT.

Due to its capacity to image arterial wall structures through the full range of

atherogenesis, from a physiological arterial wall to a complete stenosis, and its non-

invasive and patient friendly nature of the assessment, B-mode ultrasound has become

a powerful tool in epidemiological studies 11,24 and intervention trials 25-28.

B-MODE ULTRASOUND IMAGING OF THE CAROTID AND THE

FEMORAL ARTERIAL WALLS

B-mode ultrasound imaging protocol

In these studies, all patients are scanned with an ACUSON 128 or an ACUSON 128

XP ultrasound instrument, equipped with a 7.0 MHz L7384 linear array transducer

and small parts software configuration.

In order to do reproducible replicate B-mode scans the sonographer:
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- scanned from a fixed angle: latero-lateral when scanning carotid arterial walls, and

antero-posterior when imaging the femoral arterial walls.

- used the dilation of the common carotid and the flow divider in the carotid artery,

and the dilation of the common femoral and the flow divider in the femoral artery,

as anatomical landmarks to define the arterial segments.

- scanned the arterial segments longitudinally in a combination with a 90-degree

angle in the transversal plane of the artery in order to obtain double line patterns.

Patient positioning

- The patient was adjusted in supine position.

A S-VHS videotape was used.

- An Acuson 128 or 128 XP equipped with an L7384 7.0 MHz linear array B-mode

transducer was used and small parts software configuration.

The carotid and the femoral arteries were scanned in a Regional Expansion Selection

(RES) 4 mode (= 4x4cm. cross-section), and a RES 2 mode (= 2x2cm. cross-section)

mode. The latter RES mode was used for further off-line video image analysis.

RES 4x4 cm. B-mode ultrasound imaging

In order to obtain a good over all view of the (patho-) anatomy of the arterial wall

segments, a pilot-study was done in RES 4 mode.

The near (anterior), and the far (posterior) walls of the arteries were scanned. The

pilot-study was continuously taped.

The procedure of the pilot-study was as follows.

-RES 4 B-mode ultrasound scanning of the carotid arterial walls.

Longitudinal scans

From a latero-lateral angle the right and the left Common Carotid Artery (CCA), the

carotid BULbus (BUL), and the Internal Carotid Artery (ICA) were imaged.

When performing the pilot-study, the ECA (External Carotid Artery) was imaged as

well. In this way the exact position of the distal BUL and the proximal ICA segment

could be visualized for the ultrasonographer and the B-mode analyst.

At times when uncertainty existed whether the ICA or the ECA was imaged,

differentiation was done by means of spectral (Doppler) analysis.
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Tranversal scans

Occasionally it could be difficult to locate the exact position of a (patho-) anatomical

structure; in that case a transverse scan was done.

RES 4 B-mode ultrasound scanning of the femoral arteries.

The right and the left Common Femoral Artery (CFA) and the Superficial Femoral

Artery (SFA) were scanned from an antero-posterior transducer position. The scan of

the deep femoral artery was clearly imaged so to differentiate it from the femoral vein

and to identify the arterial flow divider.

RES 2x2 cm. B-mode ultrasound imaging

At baseline the arterial near wall segments and the arterial far wall segments were

imaged to investigate the extend of atherosclerosis in this population.

In the follow up scans, the more accurate 29 far wall IMT measurements were used

only. The second and third visit scans included far wall imaging only.

B-mode images of optimum quality of each of the arterial wall segments were stored

in real time the digital cine loop of the Acuson ultrasound instrument, and recorded

on S-VHS tape for two successive cine loop cycles. These were the images used for

further off-line video image analysis.

RES 2x2 cm. B-mode imaging of the carotid arteries

The patient was scanned from a latero-lateral angle.

The carotid artery was longitudinally divided in three segments: CCA, BUL, and

ICA.

The CCA was defined as a 1-centimetre segment proximal to the dilation.

 The BUL was defined as the arterial segment between the dilatation and flow divider.

The ICA was defined as the segment 1 centimetre distal to the flow divider.

Greatest care was taken in order to obtain a double-line pattern for each of the arterial

segments.

B-mode imaging of the right COMMON CAROTID ARTERY (CCA) was done as

follows:

The patient’s head was tilted slightly to the left.

a. the near wall was imaged

b. the far wall was imaged
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Continue with right BULBUS (BUL).

a. the near wall was imaged

b. the far wall was imaged

Continue with the right INTERNAL CAROTID ARTERY (ICA).

a. the near wall was imaged

b. the far wall was imaged

Continue with the left CCA, BUL and ICA as above. Here the patient’s head was

tilted slightly to the right.

B- mode imaging of the femoral arteries

Three important criteria were required for this examination.

The arteries were scanned from an antero-posterior angle.

The femoral arteries were longitudinally divided in two segments: the Common

Femoral Artery (CFA) and the Superficial Femoral Artery (SFA).

The CFA was defined as the arterial segment 1 centimetre proximal to the dilatation.

The SFA was defined as the segment 1 centimetre distal of the flow divider.

Greatest care was taken in order to obtain a double-line pattern for each of the arterial

segments.

B-mode imaging of the right COMMON FEMORAL ARTERY (CFA) was done as

follows:

a. the near wall was imaged

b. the far wall was imaged

 Continue with the left SUPERFICIAL FEMORAL ARTERY (SFA).

 a. the near wall was imaged

 b. the far wall was imaged

Continue with the left femoral artery following similar procedure as the right femoral

artery.
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INTIMA-MEDIA THICKNESS MEASUREMENTS BY MEANS OF OFF-

LINE VIDEO IMAGE ANALYSIS

B-mode analyses, introduction

The B-mode ultrasound scans stored in real-time on S-VHS videotapes were analysed

in a reading station. The arterial walls were judged in order, and following the criteria,

similar to the scanning procedure.

Analysis of the B-mode image consisted of a qualitative and a quantitative judgement

of the selected video frame of the wall of a specific arterial segment.

In the qualitative interpretation of the image the interfaces, the presence of lesions,

and the ultrasound structure of the arterial wall were described.

The IMT was measured on reader selected, digitised video images. A measurement

was done in two consecutive steps:

(1) by a manual interpretation of the reader of the site of the interfaces, and by a

semi-automated edge detection method which followed the contours of these

interfaces. The qualitative and the IMT measurement data were directly loaded in a

B-mode ultrasound database.

(2) The ultrasonographer stored real-time B-mode image cine-loop sequences of

patient visits on S-VHS videotape.

The B-mode analyst (reader) selected a single video frame from each of the cine-

loops. The selected video frame was qualitatively and a quantitatively assessed.

In the peripheral vascular B-mode ultrasound scans longitudinal two-dimensional

cross-sections of prespecified arterial wall segments of the carotid and femoral arteries

were imaged.

It was the real-time B-mode image of a moving artery made with a mobile transducer

handled by a well trained sonographer only, that gave both the ultrasonographer and

the reader proper insight in the three dimensional structure of moving peripheral

vessel walls.

This was especially important for the exact determination of the arterial segments,

optimisation of the double-line pattern on the site, and structure and shape of lesions.

Also, the measurement of the interfaces of B-mode images of lesser quality due to

anatomical position and arterial movement, and the distinction of arterial walls from

other ultrasound scatters, were possible only with the information obtained from the

real-time image.
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For the analyst, the real-time ultrasound image was an absolute necessity for the

correct selection and interpretation of the digitised video still-frame by the reader.

Working space, instrumentation, software and operating personnel

Reading station instrumentation.

The reading station instrumentation consisted of:

- a S-VHS VCR: Panasonic NV-FS 100EV.

- a PC: IPC EE 9008, 386DX33, 33/8 MHz, 380 Mb HD, 3.5" floppy drive,

monitor, keyboard and mouse.

- a Sony Model No.: GVM-1400 QM multi-sync. monitor.

The computer of the reading station was equipped with PROSOUND software

designed by dr. R.S. Selzer 30. The investigators were licensed to use this software.

Analysing the RES 2 B-mode video images of the separate prespecified arterial

wall segments

Analysis of the RES 2 B-mode image had two consecutive steps:

(1) a qualitative and

(2) a quantitative evaluation.

Frame selection criteria.

The following criteria were used to select an optimum quality frame for IMT

measurements.

- Frames that showed a clear media/adventitia and the lumen/intima interface.

- Frames were found where the distance between the two interfaces was maximum.

- Frames that combined this maximum IMT with a maximum length of both

interfaces.

- Frames were digitalized.

Above mentioned criteria plus the absence of movement and other imaging artefacts

led to an optimal quality measurement.
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Qualitative assessment

Image quality

The quality of the media/adventitia and lumen/intima interface was judged

independently.

Good: Clear interfaces were interpretated as “good”. The still-frame could be well

interpretive.

Moderate: Reasonably clear interface with some discontinuities. Still well

distinguishable from surrounding ultrasonic structures; usually knowledge of the

real-time images made a sure measurement of a “moderate”-image possible.

Poor: Interpretation of the interface was difficult. Often the interfaces could be

interpretated with aid of the knowledge of the real-time mode images.

Non-interpretable: The interface could not be distinguished from other ultrasound

scatters.

Lesion:

Y/N stands for “yes” and “no”.

A single MAX IMT > 1.2 mm. was defined as a lesion. Lesions had all kinds of three

dimensional shapes and sonographic properties. If the lesion was seen only in real-

time, and/or could not be measured on the digitised still-frame, the qualification was

“yes” anyway.

Wall characteristics:

Border: Regular/irregular/non-interpretable described the surface of the lumen/intima

interface.

Density: different tissues differ in acoustic impedance.

Sufficient difference in ultrasonic properties of artery walls resulted in interfaces.

Proper gain and dynamic range settings enabled one to define their boundaries.

Dynamic range setting of the Acuson 128 ultrasound instrument was such (50 dB)

that a certain differentiation in wall tissue characteristics could be observed. It must

be emphasized that echogenicity and echolucency of tissues are sonographic properties

that are relative to each other (Example: The media/adventitia is echogenic in

comparison to the lumen/intima interface, whereas adventitia is echolucent if

compared to a calcified plaque, etc.).

Echogenic: Highly reflective images (white on B-mode) that resulted from

ultrasound interaction with various connective tissues.
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Echolucent: Low ultrasound reflectivity (dark on B-mode) that resulted from tissues

such as blood or those rich in cholesterol esters.

Echolucent and echogenic:(Example plaque with a small amount of fibrosis, otherwise

being a soft cholesterol plaque).

Highly echogenic: (Example: calcified structures with shadowing.)

Structure.

Homogeneous: The intima-media is either echolucent (bright) or echogenic (dark).

Heterogeneous: The intima-media contains areas that are echolucent and

echogenic.

Double-line pattern.

The distance between the (undefined (peri)adventitial/media and intima/lumen

interfaces of the near wall, and the distance between the lumen/intima and media/

adventitia interfaces of the far wall, are defined as the IMT.

A measurement could only be performed if two clear interfaces were present.

Quantitative analysis of the digitised RES 2 video frame

With the Acuson 128/128XP ultrasound systems equipped with 7.0 MHz. transducer

a double-line pattern of the carotid and femoral arterial was generated.

These interfaces were generated by the boundaries of the ultrasonically defined intima-

media thickness.

Calibration:

A measurement session of every single visit was started by calibrating the computer

measurement program to a by this program digitised B- mode image of a RES 2x2

cm. video frame.

Measurement of the IMT

Near and far wall were brought into view by the sonographer independently, changing

the transmit zone. Different video frames were used for analysing different arterial

walls.

The “ ↑ ” set by the sonographer indicated the anatomical landmarks of the arteries.

Several cross-hairs along the contours of the interfaces were set to measure the near
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and far walls of an arterial segment.

In the manual measurement mode the computer software drew the contours of the

interfaces as indicated by the cross-hairs identified by the reader.

In the automatic mode, the semi-automated contour detection software selected the

pixels with the highest gray level gradient within a distinct area marked by the cross-

hairs in the digitised B-mode image and followed the contours of the interfaces.

The measurement data were displayed on the computermonitor and automatically

stored in the database. Mean, maximum, and minimum distance between the two

interfaces, standard deviation, edge length, total length and measured distance were

given.

B-mode analyst.

After training, the reader participates in intra- and intersonographer studies. The

IMT data were regularly checked by means of descriptive statistics. A set tapes was

repeatedly read in the course of the study to investigate reader and instrumentation

“drift”.

Reading instrumentation.

The reading station instrumentation was regularly checked by an engineer and

compared with other similar reading stations looking at:

- Similar B-mode images on both reading stations.

- Gray level scales.

- Doing measurements on similar digitised video frames.

- Electronic/ mechanical performance of the VCR.
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