
 

 

 University of Groningen

Beyond blood pressure monitoring
Terpstra, Willem Fopke

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2003

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Terpstra, W. F. (2003). Beyond blood pressure monitoring. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/662c28a4-c525-4743-aba7-a4eda648b396


Beyond blood pressure monitoring



© 2003 by W.F. Terpstra

All rights reserved. No part of this book may be reproduced or transmitted in any

form or by any means without written permission of the author and the publisher

holding the copyright of the published articles.

Page design: P. van der Sijde, Groningen, The Netherlands

Printed by: Ponsen & Looijen B.V., Wageningen, The Netherlands



RIJKSUNIVERSITEIT GRONINGEN

Beyond blood pressure monitoring

Proefschrift

ter verkrijging van het doctoraat in de

Medische Wetenschappen

aan de Rijksuniversiteit Groningen

op gezag van de

Rector Magnificus, dr. F. Zwarts,

in het openbaar te verdedigen op

woensdag 21 mei 2003

om 16.00 uur

door

Willem Fopke Terpstra

geboren op 17 september 1967

te Groningen



Promotores: Prof. dr. H.J.G.M. Crijns

Prof. dr. P.A. de Graeff

Prof. dr. B. Meyboom – de Jong

Co-promotores: Dr. J.F. May

Dr. A.J. Smit

Promotiecommissie: Prof. dr. R.O.B. Gans

Prof. dr. W.H. van Gilst

Prof. dr. Th. Thien

ISBN 90-367-1813-9



Paranimfen: Drs. H.H.J. Versteegen

Drs. F.G. Vlutters

Financial support by the Netherlands Heart Foundation and Edu Cardio Foundation

for publication of this thesis is gratefully acknowledged,.

Additional sponsoring for this thesis is gratefully acknowledged from Pfizer,

Bayer, Boehringer Ingelheim,  Merck Sharp & Dohme, Menarini, AstraZeneca,

Yamanouchi, Novartis, Roche, Servier, St. Jude, Zambon and ELA for publication

of this thesis is gratefully acknowledged.





CONTENTS

Chapter 1 General introduction 9

Chapter 2 Aim and outline of the thesis 23

Chapter 3 Methods: 29

Part A: The Groningen Hypertension Service

Part B: Methods: left ventricular mass and diastolic

function measurements

Part C: High resolution B-Mode ultrasound imaging of the

carotic and femoral arterial walls

Chapter 4 Silent ST depression and cardiovascular end organ damage 51

in newly found, elderly hypertensives

Chapter 5 B-mode ultrasound arterial wall thickness measurements of 67

femoral arterial walls as an additional source of

information on atherosclerosis progression

Chapter 6 Effects of amlodipine and lisinopril on intima - media 83

thickness in previously untreated, elderly hypertensives

Chapter 7 Effects of nifedipine on carotid and femoral arterial wall 101

thickness in previously untreated hypertensive patients

Chapter 8 Effects of simvastatin besides nifedipine on left ventricular 117

mass and intima media thickness in patients with

hyperlipidemia and hypertension

Chapter 9 Carotid intima-media thickness: influence of drug treatment 133

and clinical implications

Chapter 10 Natriuretic peptides and cardiac end organ damage in 147

previously untreated, elderly hypertensives

Chapter 11 Long term effects of amlodipine and lisinopril on left 161

ventricular mass and diastolic function in elderly, previously

untreated hypertensive patients (The ELVERA trial)

Chapter 12 Microalbuminuria is related to marked end organ damage 177

in previously untreated, elderly hypertensive patients

Chapter 13 Discussion and summary 191

Chapter 14 Samenvatting 199

Chapter 15 Dankwoord 203





9

Chapter 1

Introduction



10

Chapter 1

In the second half of the twentieth century cardiovascular mortality decreased

progressively in the industrialized countries 1. Improved control of hypertension has

considerably contributed to this decline. For example, in the United States of America,

the Health Examination Surveys have demonstrated that while 10% of hypertensive

persons had their blood pressure lowered below 140/90 mmHg in the period 1976

till 1980, this proportion had risen to 27 % 2 by 1988 till 1991. Still, this leaves over

70% of hypertensive persons with imperfect control, as has been reported in many

countries 3,4. This majority of imperfectly controlled hypertensive persons reflect the

inherent problem of maintaining long-term therapy for an as yet asymptomatic

condition, particularly when therapy may interfere with the patient’s quality of life

and its immediate benefits are not obvious to all patients.

Given the aging of the population and the increased prevalence of obesity, strokes

and coronary heart disease events are expected to increase or remain stable even if

primary and secondary prevention of cardiovascular disease is tightened further. Given

the central role of elevated blood pressure in the pathogenesis of both coronary heart

disease and stroke, it is clear that one of the biggest challenges public health authorities

and medical practitioners face, is the worldwide control of hypertension.

Cardiovascular risk rises linearly with blood pressure and the definition of

hypertension is therefore, arbitrary. Most of the evidence about the benefits and risks

of lowering blood pressure comes from studies in patients selected on the basis of

high blood pressure. It is therefore not clear whether estimates of treatment effect

obtained from trials in hypertensives can be extrapolated to individuals with lower

blood pressure levels 5.

Guidelines for the management of hypertension (WHO-ISH 1999 and JNC VI)

As seen in table 1, hypertension is defined as a systolic blood pressure of 140 mmHg

or greater and/or a diastolic blood pressure of 90 mmHg or greater. Like the previous

guidelines, issued in 1993, the 1999 guidelines concentrate on the management of

patients with mild to moderate hypertension since there often is uncertainty among

clinicians and policy makers on how to manage this condition.

CLINICAL END POINTS

Stroke

Blood pressure levels, both systolic (SBP) and diastolic (DBP), relate positively and

continuously to the risk of stroke across a wide range of levels in Western countries.
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Among individuals of mostly middle age, a prolonged 5 mmHg lower level of usual

DBP was  associated with a 35-40% lower risk of stroke. The slope of this association

declines somewhat with increasing age 7, because the incidence of stroke increases

rapidly with age. Elderly people still suffer the large majority of blood pressure-

related cerebrovascular disease. Blood pressure levels are positively related to both

cerebral hemorrhage and cerebral infarction, but the association appears to be

somewhat steeper for hemorrhage than infarction 8. Atrial fibrillation enhances stroke

risk significantly. Stroke risk increases fourfold in all age groups once atrial fibrillation

develops 9.

Sudden death

Hypertensive patients with LVH have a significantly greater prevalence of premature

ventricular contractions and complex ventricular arrhythmias than patients without

LVH and/or normotensive patients 10. A study from the Framingham cohort showed

that the presence of asymptomatic ventricular arrhythmias was associated with a

nearly twofold increase in mortality 11.

Atrial fibrillation

Atrial fibrillation may be paroxysmal, persistent or chronic, and a number of attacks

are asymptomatic. Suspicion or confirmation of atrial fibrillation necessitates

investigation and, as far as possible, appropriate treatment of associated cardiovascular

diseases such as hypertension, diabetes mellitus, hypoxemia, hyperthyroidism and

Category Systolic Diastolic

Optimal < 120 < 80

Normal < 130 < 85

High-normal 130-139 85-89

Grade 1 hypertension (mild) 140-159 90-99

   Subgroup: borderline 140-159 90-94

Grade 2 hypertension (moderate) 160-179 100-109

Grade 3 hypertension (severe) ≥ 180 ≥ 110

Isolated systolic hypertension ≥ 140 < 90

   Subgroup: borderline 140-149 < 90

 Table 1. Definitions and classifications of blood pressure levels (mmHg)
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congestive heart failure. Hypertension is one of the major underlying conditions in

atrial fibrillation 12. In Framingham, 8% of all patients with hypertension developed

atrial fibrillation in 7 years time 9.

Coronary heart disease

Blood pressure levels have also been shown to be positively and continuously related

to the risk of death due to coronary heart disease or of nonfatal myocardial infarction
6. The increase in coronary heart disease with elevated blood pressure is about two-

thirds as steep as that for stroke, and appears to be similar across a broad range of

blood pressure levels, that includes both hypertensive and normotensive persons.

Heart failure and renal disease

The risk of heart failure and of renal disease relates to blood pressure levels, but the

relationships are less tight than for stroke and coronary heart disease. Nevertheless,

patients with a history of hypertension have at least a six times greater risk of heart

failure than individuals without such a history 13.

Among patients with mild hypertension, not only blood pressure is important, also

the presence of other factors determine the risks of cardiovascular disease. For

example, a man aged 65 years with diabetes, a history of transient ischemic attacks

and a blood pressure of 145/90 will have an annual risk of a major cardiovascular

event that is more than 20 times greater than in a man aged 40 years with the same

blood pressure but without either diabetes or a history of cardiovascular disease. In

contrast, a man aged 40 years with a blood pressure of 170/105 mmHg will have a

risk of a major cardiovascular event that is about two or three times greater than that

of a man of the same age with a blood pressure of 145/90 mmHg and similar other

risk factor levels. Therefore, differences in the absolute level of cardiovascular risk

between patients with hypertension is determined to a greater extent by other risk

factors than by the level of blood pressure.

MAJOR AND INDEPENDENT RISK FACTORS FOR CHD BESIDES

HYPERTENSION

Smoking

Cigarette smoking increases the risk of CHD and ischemic stroke at all ages, but it is

of particular importance in younger peopl 14. In men under 65 years, smoking increases

the risk of cardiovascular death twofold, while in men aged 85 years or older, the

risk was observed to be increased by only 20%. In addition to causing cardiovascular

disease, smoking also increases the risks of a wide variety of noncardiovascular
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diseases, in particular respiratory and neoplastic diseases 14.

Lipids

Increasing levels of both total and low-density lipoprotein (LDL) cholesterol are

associated with increases in the risk of CHD 15. The relative risk appears to decline

with increasing age, although the absolute risk typically increases. A lower level of

total cholesterol of 0.6 mmol/l in men aged 40 years is associated with a 54% lower

risk of CHD, whereas the same difference in cholesterol in men aged 70 years only

gives a 20% lower risk. The effect of high-density lipoprotein cholesterol on CHD

risk does not appear to be age-dependent; every 0.03 mmol/l increase in HDL

cholesterol appears to be associated with at least a 3% reduction in the risk of CHD16.

It is still debatable whether there is any independent effect of triglyceride levels on

the risk of cardiovascular disease 17.

Diabetes Mellitus

Both type 1 and type 2 diabetes mellitus confer a heightened risk for CHD. Type 2

diabetes is of particular concern because it is so common and usually occurs in persons

of advancing age, when multiple other risk factors coexist. Once patients with diabetes

mellitus develop CHD, they have a poor prognosis. Therefore, there is need to intensify

the management of coexisting risk factors in patients with diabetes, in particular

hypertension.

Gender

At most ages, the risk of cardiovascular diseases is greater in men than women,

although this difference declines with increasing age and is greater for coronary

heart disease than for stroke. In the United States, the risk of death from stroke is

30% higher in men than in women aged 34 to 74 years, whereas the risk of death

from coronary heart disease is two- to threefold greater in men 18. After the age of 75

years, the risk of death from stroke and from coronary heart disease is similar in men

and women.

Age

Increase in blood pressure, particularly in SBP, is now recognized as a

pathophysiologic manifestation of changes in cardiovascular physiology and structure.

Aging is not only a continuous chronological process but also a functional process. A

distinction must be made between actual age and “biological” age. The latter is often

governed by comorbid disease states. Clinical trial data are limited in populations

aged 65 or greater, and even more so in the geriatric group aged 75 years or greater.
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PREDISPOSING RISK FACTORS

Obesity

Increased body mass index is associated with increased risks of CHD. Compared to

lean men, men with BMI of 25-29 kg/m2 have a 70% greater risk of CHD whereas

men with BMI of 29-33 kg/m2 had almost a threefold greater risk of CHD 19. The

strength of this association with obesity is likely to be due in part to blood pressure

elevation, but reduced HDL cholesterol and increased insulin and glucose levels

may also be involved 19,20 . Obesity is also a strong risk factor for heart failure 21.

Physical inactivity

Physical inactivity confers an increased risk for CHD. The extent to which physical

inactivity raises coronary risk independently of the major risk factors is uncertain,

but physical inactivity has an adverse effect on several known risk factors. It is

associated with a lower concentration of HDL cholesterol and an increased body

weight 22.

Psychosocial factors, ethnic characteristics and family history of premature CHD

A low socioeconomic status is associated with CHD. Socioeconomic differences can

be partially explained by difference in prevalence of established risk factors,

particularly smoking, hypercholesterolemia, hypertension and overweight. Family

history of premature CHD is associated with CHD, due to genetic constitution.

CONDITIONAL RISK FACTORS FOR CHD

In addition to the major risk factors, conditional risk factors are associated with an

increased risk of CHD, although their causal, independent and quantitative

contributions are less well documented. See table 2.

Hypertriglyceridemia

Homocysteine

Small LDL particles

Lipoprotein (a)

Prothrombotic factors (fibrinogen)

Inflammatory markers (e.g. CRP)

Table 2. Conditional risk factors
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Subclinical manifestations of cardiovascular disease in asymptomatic patients can

be important predictors of events. High rates of major clinical events (a few percent

per year) occur among patients with significant left ventricular dysfunction 23 ,or

electrocardiographic signs of infarction, myocardial ischemia 24 or left ventricular

hypertrophy 25. Ultrasonographic evidence of left ventricular hypertrophy 25 or carotid

atherosclerosis 26 is also associated with increased risk of cardiovascular disease

events.

This thesis will focus on these cardiovascular risk factors and subclinical end organ

damage (EOD) by high blood pressure and other cardiovascular risk factors, drawing

special attention to their relationship. This thesis has received impetus from the general

adoption of the principle of risk stratification in treatment guidelines. This will be

discussed further below.

STRATIFICATION OF PATIENTS BY CARDIOVASCULAR RISK

Decisions about the management of patients with hypertension should not be based

on the level of blood pressure alone, but also on the presence of other risk factors,

concomitant morbidity and target organ damage, as proposed by the recently published

guidelines for the management of hypertension, provided by the World Health

Organization. These guidelines define four categories of absolute cardiovascular

disease risk (low, medium, high and very high risk), as seen in table 3. Each category

represents a range of absolute disease risks. Within each range, the risk of any

individual will be determined by the severity and number of cardiovascular risk factors

present. In the low-risk group, the risk of a major cardiovascular event in the next 10

years is calculated as less than 15%. This low-risk group consists of men below 55

and women below 65 years of age with grade 1 hypertension without any other

cardiovascular risk factors. In the medium-risk group, the risk of a major

cardiovascular event in the next 10 years is calculated as 15-20%. This medium-risk

group consists of patients with a wide range of blood pressures and cardiovascular

risk factors. Some have low blood pressure and multiple risk factors, whereas others

have high blood pressures and few other risk factors. In the high-risk group, the risk

of a major cardiovascular event in the next 10 years is calculated as 20-30%. This

group includes patients with grade 1 or 2 hypertension who have at least 3 additional

risk factors, diabetes mellitus or target-organ damage and patients with grade 3

hypertension without other cardiovascular risk factors. In the very-high-risk group,

the highest risk of a major cardiovascular event in the next 10 years is calculated as

30% or more. The major advantage of the WHO guidelines above other risk assessment
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scores is the fact that in the WHO guidelines counting risk factors is simple.

Several risk scores have been developed. The Framingham Heart Study 17, including

age, total cholesterol, HDL cholesterol, systolic blood pressure, smoking, and use of

antihypertensive therapy; the PROCAM München Heart Study 27, including age,

LDL cholesterol, smoking, HDL cholesterol, systolic blood pressure, family history,

diabetes mellitus and triglyceride. Using these risk score measurements, the absolute

risk for cardiovascular morbidity or mortality in the next 10 years can be calculated.

Blood pressure (mmHg)

Other risk factors and disease Grade 1 Grade 2 Grade 3

(mild) (moderate) (severe)

I No other risk factors Low Medium High

II 1-2 risk factors Medium Medium Very High

III 3 or more risk factors High High Very High

or target organ damage or

diabetes

IV Associated clinical conditions Very High Very High Very High

Grade 1,2,3: table 1

Risk factors: men aged > 55 or women aged > 65 years, smoking, total cholesterol > 6.5

mmol/l, diabetes mellitus, family history of premature cardiovascular disease (< 60 years

of age).

Target organ damage: Left ventricular hypertrophy (electrocardiogram, echocardiogram

or radiogram), Proteinuria and/or slight elevation of plasma creatinine concentration (1.2-

2.0 mg/dl), Ultrasound or radiological evidence of atherosclerotic plaque (carotid, iliac

and femoral arteries, aorta), General or focal narrowing of the retinal arteries.

Associated clinical conditions: Cerebrovascular disease (ischemic stroke, cerebral hem-

orrhage, transient ischaemic attack), Heart disease (myocardial infarction, angina pecto-

ris, coronary revascularization, congestive heart failure), Renal disease (diabetic nephr-

opathy, renal failure), Vascular disease (dissecting aneurysm, symptomatic arterial dis-

ease), Advanced hypertensive retinopathy (hemorrhages or exudates, papilloedema).

Table 3. Stratification of risk to quantify prognosis.
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Whether or not the Framingham Heart Study score can be extrapolated for Europe is

unknown, and probably this score overestimates the risk for cardiovascular morbidity

in Europe as the prevalence of heart disease is significantly different in the south

compared to the north of Europe 28,29. Other risk assessment scores include the West

of Scotland Cardiovascular Event Reduction Tool (CERT) 30, the British Regional

Heart Study (BRHS) Risk score 31, the Dundee Coronary Risk Disc 32, the Sheffield

table 33,34, the National Heart Foundation of New Zealand Guidelines 35 and the

Copenhagen Risk Score 36.

END ORGAN DAMAGE AND CARDIOVASCULAR RISK

As stated above, the presence of end organ damage plays an important role in the

stratification of cardiovascular risk. Development of hypertension can be associated

with the presence of vascular structural changes. The heart, the brain, the kidney and

the peripheral arteries comprise the target organs for hypertensive disease, as shown

in table 4.

Left ventricular hypertrophy

Left ventricular hypertrophy represents an adaptive mechanism, which is initially

useful and well tolerated, as it tends to reduce ventricular wall stress, but later may

lead to impairment of cardiac function, and eventually cardiac failure. Among all

target organ complications of hypertension, left ventricular hypertrophy represents a

powerful and independent risk factor for cardiovascular morbidity and mortality.

Subjects with left ventricular hypertrophy consistently have an incidence of

cardiovascular events ranging from 1-15 events per 100 patients years. This is 2-4

times the rate of cardiovascular complications in subjects without left ventricular

hypertrophy. The variable geometry of the left ventricle is also associated with different

absolute risks of cardiovascular events 37.

� Left ventricular hypertrophy (electrocardiogram or echocardiogram)

� Proteinuria and/or slight elevation of plasma creatinine concentration (1.2 – 2.0

mg/dl)

� Evidence of atherosclerotic plaque (carotid, iliac and femoral arteries, aorta)

� Generalized or focal narrowing of the retinal arteries

� Silent myocardial ischemia

Table 4. Target organ damage
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Vascular changes

Vascular structural alterations are represented by a reduction in compliance and by

presence of atherosclerotic lesions in the large arteries, as well as by hypertrophy or

remodeling of vascular wall in the smaller resistance arteries. Such alterations are

involved in the onset of hypertensive damage in the kidney, in the brain and in the

eye. Vascular alterations in the large vessels predict cardiovascular risk. The severity

of carotid atherosclerotic changes correlates with angiographic evidence of coronary

lesions and predicts subsequent cardiovascular events 38,39. Therefore, measurements

of vascular wall characteristics are important in the stratification of cardiovascular

risk.

Unfortunately, ultrasound imaging cannot discriminate between the intimal layer

and the medial layer of the vessel wall to distinguish true atherosclerosis viewed as a

disorder restricted to the intimal layer versus the adaptive response of the medial

layer to changes in tensile stress such as during hypertension.

Retinopathy

It is of course well known that diabetes mellitus affects the retina. Apart from high

blood pressure and diabetes mellitus, no such effects have been reported for other

cardiovascular risk factors.

Endothelial dysfunction

A great deal of attention has been given during the last decade to endothelial

dysfunction in cardiovascular risk factors and established cardiovascular disease.

Endothelial function can be defined by a serie of processes like vessel wall motion,

permeability, cell adhesion etc. This has also resulted in an array of markers of

endothelial dysfunction, ranging from increased levels of endothelial cell adhesion

molecules, markers for increased permeability like TERalbumin or microalbuminuria,

to function tests like flow-mediated dilation or the response to intraarterial

acetylcholine. Endothelial activation or dysfunction has been reported to exist in the

presence of many risk factors, including hypercholesterolemia, smoking, hypertension,

diabetes mellitus, both type I and II, and hyperhomocysteinemie. Scarce evidence

exists that endothelial dysfunction in specific conditions has a prognostic value. Thus,

endothelial function, despite its importance as a research tool, has not (yet) a defined

place in risk stratification.

Silent ischemia

Silent myocardial ischemia is defined as transient myocardial ischemia in the absence

of angina pectoris or other cardiac symptoms. It is frequent among hypertensive



19

Introduction

patients with and without atherosclerotic coronary disease, even in the absence of

epicardial coronary artery disease or left ventricular hypertrophy 40,41.

Important vascular factors contributing to the occurrence of myocardial ischemia in

hypertensive patients include atherosclerotic obstruction of the large coronary arteries

and a reduced vasodilatory capacity of the coronary microcirculation due to arteriolar

hypertrophy and endothelial dysfunction. Also external compression of coronary

arteries by the hypertrophic myocardium plays a role. Another factor contributing to

the occurrence of myocardial ischemia is the increased myocardial oxygen demand

of the hyperthrophic myocardium as it is seen in hypertension. Systolic wall stress is

directly correlated with LV myocardial oxygen consumption. In hypertensive

hypertrophy there is, even with normal coronary arteries, a significant reduction in

coronary reserve. Reduction in coronary reserve and diastolic dysfunction already

may occur in the prehypertrophic state of hypertensive heart disease. Taken together,

silent or transient ischemia can be considered as a composite marker of end organ

damage encompassing both ventricular hypertrophy and vascular abnormalities.

In conclusion, primary prevention measures are available, effective and relatively

safe. Emphasis has shifted substantially in the past few years from the question whether

to treat patients in the primary prevention setting to the matter of selection of the

highest risk patients to maximize the benefit/cost ratio of treatment 42. Several

noninvasive tests are available, which should be considered as a means of further

stratifying risk in a large group of apparently low- and intermediate-risk patients.
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This thesis focuses on interrelationships between different measures of end organ

damage in the presence of  or changes in high blood pressure. It aims to elucidate the

value of assessment of end organ damage in the management of patients with

hypertension with or without additional cardiovascular risk factors.

Risk factors like hypertension are imperfect targets for treatment in cardiovascular

disease. Many persons are treated to prevent one event, treatment does reduce but

does not abolish the risk for each individual, and relatively little is known about the

needed degree of lowering a risk factor. Assessment of end organ damage is an

accepted way to distinguish candidates for starting or intensifying risk factor treatment.

In clinical research, end organ damage is used as a surrogate endpoint. Despite this

important place for damage assessment, the relation between risk factor and end

organ damage is often considered relatively direct and uniform. This is probably not

correct, which may be illustrated by taking a look at intima media thickness (IMT)

and microalbuminuria. Many risk factors are known to be associated with an increase

in IMT and with microalbuminuria. Both are known to be independent prognostic

indicators, and treatment of the underlying risk factor hypertension mostly results in

less microalbuminuria (MA), and less progression of the IMT. In turn, this is associated

with a reduction in cardiovascular end points.  However, it is obvious that the behavior

of MA and IMT is quite different. IMT is a continuous characteristic of structural

vascular changes, strongly dependent on age, with a slow rate of change. MA is a

much more categorical  patient characteristic, which is considered to reflect functional

changes in vascular permeability. For other parameters, even more outspoken

differences exist. Endothelial dysfunction is an almost universal, early phenomenon

associated with certain risk factors but it probably does not represent end organ

damage. On the other hand, (silent) ischemia may be a sign of end organ damage,

present in only a minority of elderly patients with risk factors.

Thus, end organ damage parameters should be classified according to the underlying

pathophysiology and their relationship with cardiovascular end points.

As discussed in the Introduction little attention has been given to the interrelationships

between different risk factors and the various measures of end organ damage (EOD).

Of all measures of end organ damage, silent myocardial ischemia is conceptually

most close to a cardiovascular clinical end point and may even be considered as a

sign of actual coronary heart disease. Silent myocardial ischemia is a strong predictor

of coronary end points like myocardial infarction or cardiac death. Silent ischemia

can be considered to reflect an imbalance between supply and demand. Supply may

be limited by atherosclerosis of coronary arteries and rarefaction of arteries as seen
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in left ventricular hypertrophy, demand will be increased by high pressures and an

increase in left ventricular mass. A surprisingly high prevalence of silent ischemia

has been reported in elderly hypertensives. Whether an increase in demand or

accelerated atherosclerosis in hypertension is the determining factor for this high

prevalence has not been well assessed. Therefore, in chapter 4 we assess the prevalence

and degree of silent myocardial ischemia, and cardiovascular end organ damage in

older hypertensive patients. Silent ST depression is investigated by 48 hour Holter

monitoring, and related with echocardiographically determined left ventricular mass

and combined carotid and femoral intima media thickness.

Chapter 5 addresses the interrelationship of age and blood pressure on IMT as the

most accepted surrogate measure for atherosclerosis. IMT is mostly measured in the

carotid arteries, representative of elastic larger arteries. It has previously been shown

that common carotid IMT is modestly correlated to coronary atherosclerosis. In chapter

5 the intima media thickness in carotid, but also in the more muscular femoral arteries

in several age groups is lined out. These populations include young adolescents,

normotensive adults and adults of comparable age with coronary artery disease.

In chapter 6, the effects of two antihypertensives, the calcium channel blocker

amlodipine, and the ACE inhibitor lisinopril, on intima media thickness is described

in a group of elderly hypertensives similar to those reported in chapter 4. The aim

was to compare both antihypertensives in a group with an expected very high

prevalence of IMT abnormalities. To discern a possible class-specific effect we aimed

for a similar degree of blood pressure reduction in both groups. In the recent ELSA

study an almost universal presence of marked IMT abnormalities was shown in

middle-aged with mild to moderate hypertension. Systolic and pulse pressure related

to IMT far better than LDL-cholesterol or smoking in this population. Although other

studies have been more equivocal, in the ELSA study lacidipine reduced IMT

progression more than beta-blocker treatment.

In chapter 7 the baseline carotid and femoral IMT, and subsequently the short-term

(half year) effects of open treatment with long acting nifedipine on IMT, measured

as a blinded end-point, in younger, middle-aged patients with combined hypertension

and hypercholesterolemia are described. This group serves as an example of the

interaction of multiple risk factors on IMT. Even when treatment was open in this

study, the course of IMT may provide some insight in possible effects of blood pressure

reduction on IMT in this combined risk factor group.
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In chapter 8 the effects of 2 years treatment with simvastatin as cholesterol lowering

therapy, versus placebo, on various forms of end organ damage is described. Study

drug or placebo is given superimposed on antihypertensive therapy with nifedipine,

in the same group of patients as in chapter 7 with combined mild hypertension and

hypercholesterolemia. We specifically addressed the question whether in this group

simvastatin might affect not only the vasculature (IMT), but also, perhaps indirectly

or by beneficial interaction, cardiac end organ damage.

Chapter 9 reviews the influence of drug treatment on carotid IMT and its clinical

implications. Some of the previously published opinions on IMT measurements in

clinical practice, especially its value as independent risk predictor and as follow-up

tool, are discussed. At least, it is clear that IMT measurements are time-consuming

and, therefore, expensive, and available in only a few centers. This makes them not

feasible for use in a first-line setting where the majority of persons with elevated

cardiovascular risk is seen. To a lesser degree this also holds for other end organ

damage measurements like (Doppler-) echocardiographic left ventricular mass or

diastolic function measurements. So, there is a clear need for simple tools to detect

end organ damage.

In chapter 10 the value of natriuretic peptides, atrial natriuretic peptide and brain

natriuretic peptide as markers of cardiac end organ damage is investigated in a group

of elderly hypertensives.

In chapter 11 the long term effects of amlodipine and lisinopril on left ventricular

mass and diastolic function in a group of elderly hypertensive persons, previously

studied in chapters  4,6 and 10, is described, the ELVERA trial. In the past it was

suggested that the class-specific effect of ACE-inhibitors in reducing LV mass is

stronger compared to other classes of antihypertensives with comparable blood

pressure reduction. We could not confirm this in our previous studies in younger

patients with hypertension. The aim of the present study was to assess this in elderly

hypertensives not selected for having LVH.

Finally, in chapter 12 the prevalence of microalbuminuria and the relationship with

end organ damage is investigated in the same groups of hypertensives described

above. As discussed above microalbuminuria behaves differently compared to the

other measures of end organ damage. Microalbuminuria is often considered to reflect

endothelial dysfunction. The latter may even be a crucial pathophysiological

mechanism in several cardiovascular risk factors, like diabetes, hypertension and
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smoking. In diabetes mellitus it has been linked to both renal  hemodynamic and

renal vascular wall abnormalities (hemodynamic and Steno hypothesis, respectively).

In chapter 12 we focus on the relation of MA with different structural measures of

EOD to further elucidate the pathophysiological links between both. Finally, in chapter

13 a summary and the general discussion are given.
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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).
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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.



45

Methods

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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ABSTRACT

Background.

In hypertension, both reduced vascular supply and increased cardiac demand

contribute to the development of (silent) myocardial ischemia. Our aim was to

determine the prevalence of ST segment depression and to analyze contributing factors

in asymptomatic, previously untreated, elderly hypertensives.

Methods and Results.

From a population survey, in 184 mild hypertensives (4x systolic blood pressure

≥160 mmHg and/or diastolic blood pressure ≥ 95 mmHg), aged 60 -75 years,

cardiovascular end organ damage was measured. Episodes of ST segment depression

were measured by 48-hour ambulatory Holter monitoring and were observed in 21

hypertensives (12 %). They showed a significantly higher combined far wall intima

media thickness of carotid and femoral arteries and more arterial plaques as measured

by B-mode ultrasound compared to hypertensives without ST depression (0.00098 ±
0.00021 vs. 0.00088 ± 0.00016 mm and 5.2 ± 3.7 vs. 3.7 ± 2.8 plaques, p < 0.05,

respectively), while left ventricular mass index was not different (111 ± 18 vs. 104 ±
24 g/m2; p = 0.18, respectively). In hypertensives with transient ST segment depression

a significant relation was found between left ventricular mass and ischemic burden

(r = 0.51: p = 0.02).

Conclusions.

About 1 out of 8 unselected and previously untreated elderly hypertensives show

asymptomatic ST segment depression, suggestive for silent myocardial ischemia.

These data suggest, that vascular factors mainly determine the ischemic threshold,

and cardiac factors the ischemic burden in elderly hypertensives.

INTRODUCTION

Silent myocardial ischemia is defined as transient myocardial ischemia in the absence

of angina pectoris or other cardiac symptoms. It is frequent among hypertensive

patients with or without atherosclerotic coronary disease, even in the absence of

epicardial coronary artery disease or left ventricular hypertrophy 1,2.Zehender et al.

observed transient ST segment depression on Holter monitoring in 33% of 150 middle

aged, ineffectively treated, hypertensive patients without manifest coronary artery

disease. The majority of these episodes of transient myocardial ischemia was not

associated with symptoms 3. Hedblad reported a high incidence of ischemic ST

depression of 41% in treated hypertensive men with inadequate blood pressure
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control 4. Whether antihypertensive treatment influences the ST segment depression

in hypertension is debatable, without these drug treatment effects the pathophysiology

of ST segment depression can be studied. To our knowledge no study reported

prevalence of asymptomatic ST segment depression in a large group of never treated,

hypertensive patients.

Important vascular factors contributing to the occurrence of myocardial ischemia in

hypertensive patients include atherosclerotic obstruction of the large coronary arteries

and a reduced vasodilatory capacity of the coronary microcirculation due to arteriolar

hypertrophy and endothelial dysfunction. Another factor contributing to the occurrence

of myocardial ischemia, is the increased myocardial oxygen demand to supply the

hyperthrophic myocardium as it is seen in hypertension. Both vascular supply and

cardiac demand factors reduce the capacity of the coronary circulation to increase

myocardial blood flow during stress, and therefore reduce the coronary blood flow

reserve.

The objective of the present study was to determine the prevalence and characteristics

of transient ST segment depression and its relation with cardiovascular end organ

damage, as measured by left ventricular mass and large vessel intima media thickness

in previously untreated, elderly hypertensive patients.

METHODS

Patients

Patients with previously untreated mild to moderate hypertension were recruited from

a population survey performed in the North of the Netherlands in two rural

municipalities. Systolic blood pressure (SBP) and diastolic blood pressure (DBP)

were measured four times at three occasions. Patients were included in the study if

SBP or DBP was four times ≥160 mmHg or ≥95 mmHg, respectively and if they

were between 60 and 75 years of age and had not been treated with antihypertensive

drugs. Exclusion criteria were: angina pectoris, manifest coronary artery disease

(history of myocardial infarction, electrocardiogram at rest with pathological Q waves

or ST segment changes, interpreted by an experienced cardiologist), secondary

hypertension of any etiology, current or recent history of congestive heart failure,

hemodynamically significant valvular heart disease, cardiac arrhythmias, renal

insufficiency, electrolyte disturbances (serum potassium <3.0 mmol/l or >6.0 mmol/

l). Patients with pacemakers, bundle branch block, and office blood pressure > 220/

115 mmHg were excluded. The research protocol was approved by the Medical Ethical

Committee of the University Hospital of Groningen and written informed consent

was obtained from all subjects.
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Holter monitoring

All patients underwent 48 h Holter monitoring during unrestricted daily life, and

were asked to keep a detailed diary of their activities and symptoms. Ambulatory 48

hour ST segment monitoring was performed using a 4 channel ambulatory cardiograph

(Marquette series 8500) with modified leads aVF, V1 and V5 for the electrocardiogram

(ECG) and the fourth channel to record a 32 Hz time signal. This signal was used in

a phase locked loop circuit as well as a timer for the AD-converter to correct tape

speed irregularities. The ECG was analyzed on Marquette XP analyzer (software

version 5.8) and reviewed by an experienced analyst and supervised by a cardiologist,

who were both ignorant of clinical data. The 1*1*1 rule according to P.F. Cohn was

applied 5. The criteria to be studied were horizontal or downsloping ST segment

depression of 0.1 mV or more. The depression in one of the leads had to last at least

one minute or more in order to be scored as an ischemic period. Episodes during

postural changes and/or intraventricular conduction changes as explanations for ST

segment depression were excluded. When a ST segment depression started within

one minute after the end of the previous one, it was only recorded as a new one when

abrupt changes in the ST-T shift were excluded. Number and total duration of

ischaemic periods, maximal ST depression, and ischemic burden, defined as total ST

depression multiplied by time, were determined. Ambulatory ECG monitors were

hooked up at the end of the physical examinations, usually between 11.00 am and

4.00 pm, and were removed after 48 hours.

B-mode ultrasound imaging

The B-mode ultrasound imaging of the carotid and the femoral arterial walls was

done with an Acuson 128 (Acuson Corp., Mountain View, California, USA), equipped

with a 7.0 MHz L7384 linear array transducer by two experienced sonographers,

who were unaware of the clinical data. The methods used to record and analyze B-

mode ultrasound images have been described in detail before 6. In short, ten

prespecified segments, three from the left and right carotid artery and two of the left

and right femoral artery were scanned. In the carotid artery, the arterial segment 1

cm proximal to the carotid dilatation (the common carotid artery), the arterial segment

between the carotid dilation and carotid flow divider (carotid bulb) and a 1 cm long

arterial segment distal to the flow divider (internal carotid artery) were measured. In

the femoral artery, a 1 cm long arterial segment proximal to the femoral dilation

(common femoral artery) and a 1 cm arterial segment distal to the femoral flow

divider (superficial femoral artery) were measured. Of each arterial segment, 5-s

real time image sequences were stored on S-VHS. B-mode ultrasound video images

were analyzed off-line (S-VHS Panasonic NV-FS 100 HQ; VCR; Sony GVM-1400
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QM multisync monitor; IDEN IVT-7p time base correctors, IPC 80486 personal

computer equipped with DT2861 and DT2862 frame grabbers). Image analysis

software was developed in cooperation with Selzer et al 7. The mean value of the

intima media thickness (IMT) of the mean far walls of three carotid artery segments

and two femoral artery segments was used for analysis. The IMT of the far wall was

evaluated as the distance between the luminal-intimal interface and the medial-

advential interface. When macrovascular lesions were obvious and IMT was not

measurable, lesions were considered plaques. Plaques were scored as a dichotomous

variable in the 10 predefined arterial segments in both the near and far walls, and the

score of plaques was expressed as the total amount of plaques of all arterial segments.

The average plaque-score of all arterial segments per patient was used for analysis.

The measurement error of variation in the population studied was 0.03 mm for the

mean max far wall IMT. The primary endpoint of the B-mode ultrasound study was

the combined mean far wall IMT of the ten segments of the carotid and femoral

artery.

Echocardiography

Echocardiographic examinations were recorded by a single, trained operator. An

Acuson XP-10 echocardiograph (Acuson Corp., Mountain View, California, USA)

with a 2.5-4.0 MHz transducer was used. Left ventricular dimensions were measured

in 2-D mode according to the Penn-Convention in the left lateral decubitus position.

Three recordings were made of end diastolic left ventricular wall (LVPW),

interventricular septum (IVS) and left ventricular end diastolic diameter (EDD). To

estimate left ventricular mass the cube formula of Devereux and Reichek was used 8.

In order to calculate left ventricular mass index the left ventricular mass was divided

by body surface area. For classification of the four groups of left ventricular geometry:

normal geometry, concentric remodeling, eccentric left ventricular hypertrophy (LVH)

and concentric LVH, the following cutoff values were used. Left ventricular

hypertrophy was defined as left ventricular mass index ≥125 g/m2 and increased

relative wall thickness (RWT) was defined as RWT ≥ 0.45 as proposed by Koren et

al 9. Systolic wall stress was determined according to the formula: systolic wall stress

(103 dynes/m2) = (1.33 * SBP * LVEDD/2) : (IVS + LVPW) 10.

Statistical analysis

Descriptive statistics and comparisons between groups were performed with the SPSS

statistical package (SPSS for Windows, version 8.0, SPSS Inc.). All descriptive data

are expressed as mean ± SD. Equality of variances between groups with or without

transient ST segment depression were tested with Levene’s test. The independent T-
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test for equality of means was used in order to detect significant differences between

the two groups, as appropriate. In case of categorical variables the X2- test was used.

Changes in heart rates within patients were tested by a paired T-test. Univariate analysis

of the associations between end organ damage and parameters of ST segment

depression were performed using Pearson correlation coefficients after natural log

transformation of the ST segment parameters. To identify the determinants of episodes

of ST segment depression, logistic regression analysis was used. Clinical baseline

variables included age, gender, body mass index, smoking, total cholesterol, high

density lipoprotein, low density lipoprotein, noninsulin dependent diabetes, systolic

and diastolic blood pressure, pulse pressure, rate-pressure product, systolic wall stress,

combined mean far wall IMT, average plaque score and left ventricular mass index.

RESULTS

Patients

From the population survey, 1969 subjects had their blood pressure taken. A total of

1162 subjects had normal blood pressures, 421 subjects were treated with

antihypertensive drugs, 214 subjects were identified as having untreated systolic

hypertension and 172 subjects as having untreated diastolic hypertension. From these

386 untreated subjects, 184 fullfilled the in- and exclusion criteria and entered the

study. Table I shows a comparison between hypertensive subjects with and without

ST-segment depression. The two groups differed with respect to body mass index

and pulse pressure, but not with respect to age, systolic and diastolic blood pressure,

and lipid profile.

Prevalence of ST segment depression

Recordings of Holter monitoring of adequate quality could be obtained from 178

patients (53 % men), with a monitoring period of at least 46 h. Of 6 patients the

quality of the Holter monitoring was inadequate for analysis. A total of 21 patients

(12 %) had a total of 97 episodes of significant ST-segment depression (median 3.0

episodes/patient; range 1-19). The prevalence was 9 % in women and 13 % in men.

The duration of the single episodes was between 1.2 and 17.2 minutes (mean ± SD:

4.1 ± 3.3). The range of total ischemic burden was between 2.5 and 453 mm.min. All

patients had sinus rhythm and no patient was taking digitalis medication. No patient

recorded symptoms like angina pectoris, so all ischemic periods were asymptomatic

or at least not likely to be associated with definite symptoms of angina pectoris.
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Circadian variation in ischemic episodes and relation with heart rate

Circadian variation in the frequency of ischemic episodes is shown in Fig. 1. Ischemic

episodes were nearly absent during the six night hours from 11.00 p.m. to 5.00 am,

had a peak during the morning hours after awakening between 7.00 am and 11.00

am, and another, less prominent peak during the evening between 7.00 pm and 10.00

pm. This circadian variation in ischemic episodes was not statistically significant

(p = 0.3).

The heart rate (± SD) during ST-depression was significantly higher than the mean

heart rate during 48 hours (92 ± 22 versus 70 ± 8 bpm, P < 0.001, respectively).

Mean heart rate at the onset of an ischemic episode was 92 ± 22 bpm, mean heart rate

at peak of an ischemic episode was 106 ± 18 bpm. A total of 17 % of all episodes was

Characteristics Patients with Patients without

ST depression ST depression P-value

(n = 21) (n = 162)

Male sex, % 62 52 0.385

Age, y 67 ± 5 67 ± 4 0.777

Body Mass Index, kg/m2 26.6 ± 2.7 28.4 ± 3.9 0.044 *

Office SBP, mmHg 182 ± 16 177 ± 13 0.098

Office DBP, mmHg 91 ± 8 95 ± 8 0.051

Pulse pressure, mmHg 91 ± 14 82 ± 14 0.006  *

Isolated systolic hypertension, % 71 46 0.032  *

Mean heart rate 24 hour, bpm 71 ± 9 73 ± 8 0.172

Total cholesterol, mmol/L 6.1 ± 1.0 5.9 ± 0.9 0.585

LDL-cholesterol, mmol/L 3.99 ± 0.98 3.96 ± 0.82 0.883

HDL-cholesterol, mmol/L 1.26 ± 0.33 1.25 ± 0.30 0.850

Triglyceride, mmol/L 1.73 ± 0.92 1.62 ± 1.30 0.725

Current smoker, % 19 27 0.426

Diabetes Mellitus type II, n 1 5 0.681

Values are expressed as mean ± SD. * Difference significant at the P < 0.05 level.

SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; LDL = Low

Density Lipoprotein; HDL = High Density Lipoprotein;

Table I. Characteristics of hypertensive patients with and without ST segment depression.
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accompanied by a reduction of heart rate, 25 % of all episodes were accompanied by

a small (1-15%) increase in heart rate, and 42 % of all episodes were accompanied

by a significant increase in heart rate (> 15 %). Three patients, with a total of 6

events (16 %) had a heart rate at the onset of an ischemic event around 130 bpm. No

patient showed paroxysmal atrial fibrillation.

ST segment depression and vascular end organ damage

Table II shows a comparison of cardiovascular endorgan damage in patients with or

without ST segment depression. Hypertensive patients with ST segment depression

showed an increased IMT, expressed as total mean far wall IMT, and an increased

frequency of plaques in the arterial segments studied. Within the group of

hypertensives with ST segment depression the ischemic burden was not correlated

with total intima-media thickness (r = 0.20; p = 0.38), nor with the mean far wall

IMT of carotid (r = 0.16; p = 0.50) or femoral (r = 0.16; p = 0.08) artery segments,

respectively. Moreover, the ischemic burden was also not associated with the total

amount of plaques (r = 0.22; p = 0.33).

ST segment depression and cardiac end organ damage

No significant difference was found in left ventricular dimensions and left ventricular

mass index between the two groups. Rate-pressure product and the systolic wall

Figure 1. Circadian distribution of ST segment depression.

Circadian distribution of episodes of ST-segment depression during 48 hour Holter monitoring. Mul-

tiple episodes in any patient were counted separately for their occurrence hour and no episode over-

lapped more than one hour. Each bar shows the count for the hour.
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stress were not different between the two groups. However, within the group of

hypertensives with ST segment depression left ventricular mass was significantly

correlated with the ischemic burden (r  = 0.51; P = 0.02) as seen in Fig 2, and with the

duration of ST-segment depression (r  = 0.51; P = 0.02). In left ventricular geometry

the prevalence of hypertensives with ST-segment depression was not significantly

different over the four groups. In the normal geometry group (n = 49), 6 patients

demonstrated ST-segment depression. In the concentric remodeling group (n = 105),

11 patients demonstrated ST-segment depression. Finally, in the eccentric LVH (n =

12) and the concentric LVH group (n = 12) only 2 patients demonstrated ST-segment

depression in each group.

End organ damage Patients with Patients without P-value

ST depression ST depression

LVMI (g/m2) 111 ± 18 104 ± 24 0.177

RWT 0.49 ± 0.07 0.48 ± 0.05 0.304

IVS (m) 0.0113  ± 0.001 0.0111 ± 0.0011 0.495

LVPW (m) 0.0108  ± 0.0008 0.0106 ± 0.0009 0.209

LVEDD (m) 0.0448  ± 0.0050 0.00446 ± 0.0047 0.872

Wall stress (103dynes/m2) 245  ± 31 243 ± 31 0.749

IMTTOT (m) 0.00098  ±  0.00021 0.00088 ± 0.00016 0.014 *

IMTAC (m) 0.00099  ± 0.00021 0.00092 ± 0.00016 0.067

IMTAF (m) 0.00096  ± 0.00032 0.00084 ± 0.00021 0.112

Average plaque-score 5.2  ±  3.7 3.7  ±  2.8 0.025 *

Values are expressed as mean ± SD. * Difference significant at the P < 0.05 level.

LVMI = Left Ventricular Mass Index; RWT = Relative Wall Thickness; IVS =

InterVentricular Septum; LVPW = Left Ventricular Posterior Wall; LVEDD = Left Ventricular

End Diastolic Diameter; IMTAC = Intima Media Thickness of Arteria Carotis; IMTAF;

Intima Media Thickness of Arteria Femoralis; IMTTOT = IMTAC + IMTAF.

Table II. Cardiovascular endorgan damage in hypertensive patients with and without ST segment

depression.
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Factors contributing to ischemic episodes

From a variety of baseline characteristics, logistic regression analysis identified pulse

pressure (p < 0.05), body mass index (p < 0.05) and combined mean far wall IMT (P

< 0.05) as significant independent factors relating to the occurrence of ST-segment

depression in these elderly hypertensive patients, as seen in table III.

Figure 2. Relationship ischemic burden and left ventricular mass.

Scatterplot showing correlation between ischemic burden and left ventricular mass in elderly

hypertensive patients with episodes of ST-segment depression.

B SE P

Body Mass Index -0.1697 0.0823 0.0392

Pulse Pressure  0.0411 0.0184 0.0258

IMTTOT  2.8947 1.4233 0.0420

Smoking -1.1785 0.6865 0.0860

Constant -3.3567 2.8342 0.2363

IMTTOT, total mean far wall intima media thickness. Shown are predictors of ST segment

depression, determined by backward elimination from the model including age, gender,

risk factors for coronary artery disease, vascular and cardiac end organ damage. Model R2

= 0.182; P = 0.001.

Table III.  Logistic Regression Analysis for Predicting ST segment Depression
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DISCUSSION

The present study documents a lower than expected prevalence of ST-segment

depression in elderly hypertensive patients, 9 % in women and 13 % in men. Among

the studies concerning hypertensive patients free from clinical signs of coronary

artery disease, but after antihypertensive drug treatment, the prevalence was reported

to vary in the range of 23-37% 3, 11-13. In the study of Zehender et al. hypertensive

patients were selected on the basis of ineffective or untolerated antihypertensive

treatment 3, whereas two other studies at variance with ours, included obese patients,

type I diabetics 11,12. Trenkwalder found 37% prevalence of ST segment depression

in an even older, but smaller (n = 41) hypertensive group with a mean age of 79 years

(range 70-94 years) 13. Our findings comply with the Cardioscreening Study, which

documented a prevalence of 15 % of ST segment depression during 48 h Holter

monitoring or exercise stress testing in 414 mild to moderate hypertensives, but this

was found in a younger age group (aged 50-70 years). The majority of ST segment

depression was observed during Holter monitoring (10.9 %), and a minority during

exercise stress testing (6.1 %), but in contrast with our results, ST segment depression

was more common for women than for men (17.5 % versus 5.2 %, respectively) and

only 31 % of their patients were previously untreated 14. It should be remarked that

all our patients were in a primary care setting and were previously untreated for

hypertension. In the unselected population based Cardiovascular Health Study, the

prevalence of ST segment depression in ambulatory electrocardiograms in a sample

of 1511 men and women above 65 years of age was also similar to ours, with 9 % in

women and 13 % in men 15. However, this study also included patients with conditions

known to interfere with the ST segment, like previous myocardial infarction, angina

pectoris, atrial fibrillation and digitalis medication. The majority of their participants

was not hypertensive and ambulatory monitoring was done for 24 hours instead of

48 hours, which has been shown to increase episodes of patients with asymptomatic

ST-segment depression by approximately 30% 16.

Significance of ST segment depression

The observed ST segment depression in our study was likely to reflect myocardial

ischemia. Patients with specific electrocardiographic abnormalities at rest that could

have influenced the ST segment had been excluded. Since left ventricular mass was

not significantly different in the groups with or without ST segment depression,

repolarization abnormalities secondary to increased left ventricular mass are not likely

to be responsible for the transient asymptomatic ST segment depressions observed

in our population. Moreover, only two of these mild to moderate hypertensive patients
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with ST segment depression had concentric left ventricular hypertrophy and the rest

of patients with ST segment depression was not significantly different divided over

the remaining left ventricular geometry groups. The finding of a high percentage of

hypertensives with concentric remodeling and a relatively low percentage of

hypertensives with LVH is similar to a previous study in primary care 17. Although

caution should be used in the interpretation of episodes of transient ST segment

depression for patients free from clinical signs of coronary artery disease, the absence

of ST segment depression on resting ECG, the circadian pattern and the relation with

heart rate of the majority of the events observed are compatible with being episodes

of silent myocardial ischemia.

Mechanisms of myocardial ischemia

This study shows that vascular remodeling induced by hypertension is an important

determinant for silent ischemia. Therefore, the threshold for ischemia to develop

depends mainly on vascular supply factors in elderly hypertensives, while cardiac

demand factors mainly determine the extent of the ischemia. Both structural factors

like intima-media hypertrophy and arterial plaques and functional factors like e.g.

increased vasomotor tone due to abnormal endothelium-derived relaxation play a

crucial role in the induction of transient myocardial ischemia 18,19. Although increased

intima media thickness as assessed by B-mode ultrasound imaging is only moderately

correlated to the percentage of coronary stenosis as assessed by quantitative coronary

arteriography 20, there is some evidence that increased IMT in older subjects is

associated with asymptomatic ischemia as evidenced by exercise ECG or exercise

thallium scintigraphy 21. The observed difference in pulse pressure, positively related

with increased IMT 22, partly supports the view of vascular supply being the major

determinant for the ischemic threshold, since pulse pressure can also be expressed as

a determinant of myocardial oxygen demand.

Myocardial demand seems less important for the ischemic threshold, since left

ventricular mass and left ventricular hypertrophy do not explain the occurrence of

transient ST-segment depression in these elderly hypertensives. These findings are

in agreement with those of previous studies that did not reveal any difference between

left ventricular mass of hypertensives with and without ischemia 1,12,13,14,23. Moreover,

the lower body mass index in the group with ST segment depression further suggests

that the ischemic threshold is not primarily determined by cardiac demand, since

overweight has been reported to be associated with increased left ventricular mass 24.

A possible explanation might be the reduced level of physical activity among

overweight subjects. Our findings are supported by findings from the Cardiovascular
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Health Study, in which overweight was associated with a 33% reduction of likelihood

of ischemic episodes after adjustment for other risk factors 15.

The severity of myocardial ischemia, expressed as ischemic burden, is mainly

determined by cardiac demand factors, since increased myocardial mass rather than

vascular abnormalities was associated with the extent of transient ST segment

depression. This might be associated with endothelial dysfunction, since recently a

significant relation was found between increased left ventricular mass and endothelial

dysfunction in hypertensive patients 25. In contrary, the ischemic burden was not

associated with structural vascular supply factors, like intima media thickness and

arterial plaques.

In conclusion, our study provides strong evidence that in elderly hypertensives the

ischemic threshold is determined mainly by vascular factors rather than left ventricular

mass. Thus, supply markers like intima media thickness and arterial plaques as markers

of generalized atherosclerosis are mainly responsible for the ischemic threshold, and

demand markers like left ventricular mass are mainly responsible for the ischemic

burden. The occurrence of silent ischemia during daily life has been found to be an

independent predictor of cardiovascular events in hypertensive patients 4,26. Up till

now, the risks of myocardial infarction and cardiovascular mortality associated with

the occurrence of silent ischemia in hypertensive patients are unknown. However,

the early detection of silent myocardial ischemia by Holter monitoring might be

useful for the identification of hypertensive patients who should be investigated further

and considered for a more specific treatment.
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ABSTRACT

Rationale

Atherosclerosis is a protracted disease process of the arterial wall with onset decades

prior to its clinical manifestations. Lifelong follow-up data are required to identify the

process and understand the pathophysiology. These longitudinal data are scarce. We,

therefore, obtained cross-sectional data of wall thicknesses of arterial segments in

populations at different cardiovascular risk. We then sought to identify the segment with

the highest information content for atherosclerosis progression.

Methods

B-mode ultrasound intima-media thickness (IMT) data of carotid and femoral arteries

were acquired in disease free individuals: 45 young adolescents, 26 middle-aged adults

and 48 senior adults, as well as in individuals at high cardiovascular risk: 43 young

adolescents with familial hypercholesterolemia (FH), 248 adult FH patients and 184

patients with definite coronary artery disease (CAD).

Results

In the disease free groups, the average IMT(SD) and percentage of lesions were

0.53(0.03)mm and 0.0% in the young; 0.59(0.06)mm and 0.0% in the middle-aged and

0.78(0.12)mm and 8% in the seniors. In the high risk groups, these values were

0.54(0.05)mm and 0.1% in the young FH; 0.85(0.18)mm and 15% in the adult FH and

0.90(0.18)mm and 18% in the CAD patients. Of all arterial segments, the common femoral

artery (CFA) in the FH population exhibited the highest absolute IMT (1.12(0.61)mm),

the highest estimated IMT increase since adolescence (0.58mm) and the highest percentage

of lesions (39% of CFA measurements).

Conclusions

Regardless of segment, carotid and femoral arterial walls increase in thickness with age

and cardiovascular risk. This increase in thickness and prevalence of lesions is not similarly

distributed among anatomical segments. Of the arterial locations we studied, atherosclerosis

progression is best represented by the far wall of the common femoral artery.

INTRODUCTION

Atherosclerosis is a disease process with onset decades prior to the first clinical

manifestations of vascular disease1-3. The rate at which atherosclerosis progresses

increases with age and CVD risk factors, like LDL-cholesterol level and blood

pressure2,4-8. Since atherosclerosis is a slow process, both epidemiological studies as well

as medical intervention trials with clinical endpoints, require long follow-up or the inclusion

of large populations (or both) to be able to draw valid conclusions about the determinants
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of disease or the efficacy of therapeutic intervention. As a consequence, studies with

clinical endpoints consume precious time and financial resources2,9.

To overcome these practical difficulties, surrogate outcome measures were developed9-

13. Surrogate measures can investigate determinants of atherosclerosis at early stages of

the process and can assess disease modifiers, such as life-style and pharmacological

interventions.

Criteria for the validity of surrogate endpoints, as a substitute for clinical endpoints, were

put forward by Boissel et al9,10. They stipulated three conditions for validity. Firstly, a

surrogate endpoint should be more sensitive and readily available (sensitivity and

availability) than the clinical endpoint. Also, the endpoint should be easy to evaluate

(convenient), preferably by non-invasive means. Secondly, the causal relationship between

surrogate and clinical endpoint (proximity) should be established on the basis of

epidemiological, pathophysiological and clinical studies. Patients with and without clinical

vascular disease should therefore show differences in surrogate endpoint outcomes

(specificity). Thirdly, in intervention studies, anticipated clinical benefits (assessment of

benefit) should be deducible from the change in the surrogate endpoints. The latter implies

that it is not just the argument of cost and time that favour the development of surrogate

endpoints. Valid surrogate endpoints make it possible to test promising new drugs in

a relatively short period of time at relatively low cost compared to clinical measures

and thus obviate the need to await the outcome of clinical event driven trials10.

Moreover, the strength of surrogate endpoints is enhanced by the fact that they may yield

the way to mechanistic information at an early stage of the disease process. Surrogate

endpoints, therefore, have a value of their own2,10.

Considering all of the above, intima-media thickness (IMT) measurements acquired

by means of B-mode ultrasound imaging of carotid and femoral arterial walls meet

all validity criteria of a surrogate endpoint.

Histological studies have shown that the distance between the leading edges of the

B-mode ultrasound interfaces of the double-line pattern of the arterial far wall

represents the intima-media complex11,14-16. In addition, B-mode ultrasound can provide

data on peripheral arterial wall thickness non-invasively11 in all stages of

atherosclerosis14,17-20. As was shown in prospective epidemiological studies17,21,22, only

a small increase in IMT increases the relative risk (RR) for myocardial infarction

and stroke. O’Leary et al.23 reported RR increases of 33 and 28% of, respectively,

myocardial infarction and stroke for every 0.2mm increase in common carotid IMT.
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Also, IMT measurements have shown clinical benefit in cholesterol lowering and

anti-hypertensive compounds24,25. Moreover, in one of these studies (the REGRESS

trial) it was observed that statin effects on coronary lumen, IMT of carotid and femoral

arteries and clinical cardiovascular events showed similar trends24.

IMT is considered a valid endpoint for atherosclerotic vascular disease. Cross-sectional

IMT data of carotid and femoral arterial wall segments can be obtained in disease

free and at risk populations. The data can be modelled to provide estimates of

atherosclerosis progression in these populations. The arterial location with the most

rapid estimated increase can then be identified. Here we present the results of our

studies.

PATIENTS AND METHODS

Disease free controls and subjects at high cardiovascular risk were observed. The

IMT dataset of the controls consisted of observations in 45 young adolescents, age

14.8(3)years19 , 26 adults, age 34.5(9.6)years26 and 48 asymptomatic seniors27,28. The

IMT dataset of the subjects at high risk consisted of observations in young and adult

FH and in CAD patients19. All 43 young FH subjects, age 14.8(2.8)years  were

asymptomatic. Of the 248 adult FH subjects, age 48.1(8.8)years, 142 had vascular,

mainly cardiac disease29. FH subjects were recruited at the department of Vascular

Medicine, Academic Medical Centre, Amsterdam. The 184 patients with definitive

CAD, age 56.4(7.9)years, participated in the Regression Growth Evaluation Statin

Study (REGRESS)24,31,32. This trial was performed under auspices of the Interuniversity

Cardiology Institute of The Netherlands (ICIN), Utrecht. Investigations were done

according to the principles outlined in the Declaration of Helsinki. Informed consent

was obtained in all subjects.

Data were acquired cross-sectionally. B-mode ultrasound imaging and image analysis

were performed in a standardized fashion19,24,26. The procedures were described in

extenso elsewhere24,27-29. In short, subjects lay in the supine position. Images were

acquired by three experienced sonographers. Acuson 128XP and XP10v ultrasound

systems with 7MHz linear array transducers were used (Acuson Corp., Mountainview,

CA, USA). In the carotid arteries, the far wall segments of the common carotid artery,

carotid bulb and internal carotid artery were imaged from a fixed lateral transducer

position. In the femoral arteries, the far wall segments of the common and the

superficial femoral arterial walls were imaged from a fixed anterior transducer

position. Images were either saved on S-VHS tape or as JPEG image files. Images
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were analysed off-line according to Selzer33 and Stok34 (Figures 1a, b and c). The

IMT data of populations and arterial locations were analysed by means of descriptive

statistics. For comparisons, Student’s t-test was used. Density curves of IMT

distributions of population samples were estimated non-parametrically using T4253H

spline functions35. Furthermore, we assumed that the sample of IMT’s was a mixture

of ‘normal’ IMT’s (of which value increases with age) and of IMT’s representing

lesions (or ‘plaques’). The normal IMT’s were assumed to be normally distributed

and we estimated the 97.5-percentile of this normal distribution using Bhattacharya’s

method36. IMT’s above this value were considered as ‘plaques’. Also, box-and-

whiskers plots clustered according to the arterial wall segment were used to investigate

IMT data of population samples at the different anatomical locations. SPPS statistical

packages were used (SPSS, Inc., Chicago, IL, USA.)

RESULTS

Table 1. details age, gender and lipid characteristics of three groups of in total 119

healthy controls and three groups of in total 475 high risk subjects. If one considers

the combined carotid and femoral IMT of 0.53(0.03)mm in the unaffected young as

life’s ‘baseline’, it is evident that IMT increases with age and cardiovascular risk. In

the young FH there is no increase in IMT (0.54(0.05)mm: δIMT=0.01mm; p=0.2). In

unaffected adults and seniors, IMT increases with 0.06mm to 0.59(0.06)mm at age

35 years and with 0.25mm to 0.78(0.12)mm by age 68. In the at risk groups, IMT of

FH adults increases with 0.32mm to 0.85(0.18)mm at age 48 and in CAD patients

with 0.37mm to 0.90(0.18)mm at age 58. Therefore, the high risk FH adults of 48 and

CAD patients of 56 years of age show a higher IMT value if compared to the

asymptomatic seniors aged 68 years (δIMT=0.08; p=0.012 and δIMT=0.12mm;

p=0.007, respectively).

The IMT density (or ‘frequency distribution’) curves (Figure 2) show increased IMT

with age and cardiovascular risk. The curves of the young and healthy middle-aged

control populations show normal distributions. The curve of the adults shows a slight

shift to the right compared to the young. In the density curve of the seniors, the

majority of IMT data show a normal distribution with a shift of the entire curve to

the right and a minor deviation, or ‘tail’, from the normal curve. In adult FH and

CAD patient populations, the shift and tail formation are very  prominent. Based on

the curve of the CAD population, we defined as plaques those IMT values higher

than the 97.5-percentile of the distribution of the ‘normal’ IMT’s using Bhattacharya’s

method.
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Population samples Child./ Mid-Aged Seniors, Child./ Adults, CAD,

Adolesc., Controls Controls Adolesc., FH Patients

Controls FH

N 45 26 48 43 248 184

Gender, Male/Female 23/22 11/15 24/24 22/21 128/120 184/0

Age (SD), years 14.8(2.8) 34.5(9.6) 67.4(4.6) 14.8(2.8) 48.1(8.8) 56.4(7.9)

Total Cholesterol,

mmol/L 4.2(0.7) 6.3(1.8) 5.9(1.1) 7.8(1.9) 9.6(1.9) 6.1(7.9)

LDL-C, mmol/L 2.5(0.6) 4.2(0.9) 3.9(1.1) 6.1(1.8) 7.6(1.9) 4.3(0.8)

HDL-C, mmol/L 1.4(0.3) 1.5(0.4) 1.3(0.4) 1.2(0.3) 1.2(0.3) 1.0(0.2)

Triglycerides, mmol/L 0.8(0.3) 1.3(0.4) 1.7(0.24) 1.0(0.3) 1.9(0.9) 1.8(0.8)

IMT(SD), mm 0.53(0.03) 0.59(0.06) 0.78(0.12) 0.54(0.05) 0.85(0.18) 0.90(0.18)

(means based on a per subject average)

Arterial Wall Segments, mean IMT(SD), mm (based on available IMT measurements); %IMT >1.11mm.

Common Carotid (CCA) 0.53(0.07), 0.58(0.12) 0.79(0.15) 0.56(0.08) 0.74(0.20) 0.80(0.20)

CCA, % >1.11mm 0% 0% 2% 0% 4% 6%

Carotid Bulb (CB) 0.55(0.07) 0.64(0.11) 0.89(0.21) 0.57(0.09) 0.94(0.41) 1.03(0.36)

CB % >1.11mm 0% 0% 6% 1% 16% 28%

Internal Carotid (ICA) 0.52(0.11) 0.59(0.14) 0.74(0.18) 0.52(0.11) 0.81(0.32) 0.90(0.41)

ICA % >1.11mm 0% 0% 6% 0% 11% 20%

Common Femoral (CFA) 0.54(0.12) 0.61(0.11) 0.87(0.40) 0.53(0.12) 1.12(0.61) 1.07(0.48)

CFA % >1.11mm 0% 0% 18% 0% 39% 35%

Superficial Femoral (SFA) 0.49(0.09) 0.52(0.09) 0.59(0.09) 0.47(0.09) 0.64(0.21) 0.68(0.17)

SFA % >1.11mm 0% 0% 0% 0% 4% 3%

Totals, IMT(SD)mm. 0.53(0.03) 0.59(0.12) 0.78(0.25) 0.54(0.10) 0.85(0.42) 0.90(0.36)

Average of all IMT

measurements for each 0.32-0.99 0.33-1.00 0.40-2.16 0.32-1.13 0.32-4.30 0.41-3.28

population and range.

%IMT >1.11mm, 0% 0% 8% 0.1% 15% 18%

population averages

Table 1. LDL-C: low density lipoprotein cholesterol in mmol/L; HDL-C: High density

lipoprotein in mmol/L; FH: Familial Hypercholesterolemia; CAD: Coronary Artery Disease.

The IMT data for each population (average of the mean per patient IMT’s) and split according

to arterial wall segments. IMT in millimetres; % of plaques (defined as IMT>1.11mm) is

given for each arterial wall segment and as population totals.
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This was reasoned as follows:

IMT distributions in the young and healthy adults were approximately normal; in

contrast, the IMT distribution in the CAD-patients had a prominent tail to the right.

We surmise that this is caused by lesions and that the IMT-distribution in the CAD-

population would be normal if there were no lesions.

We assume that most segments in the CAD-patients are ‘normal’ up to an IMT of

0.95 mm. In our data-set 71.16% of all walls had thickness <0.95mm: thus we estimate

probability P that a ‘normal’ wall in a CAD-patient is 0.95mm or less, as

P(IMT<0.95mm) =0.7116.

We need another observation; for example IMT=0.65mm. We observed that 20.7%

of all walls in the CAD-patients had thickness <0.65mm: P(IMT<0.65mm)=0.207.

Figure 1a. Image and off-line

image analysis of intima-media

thickness (IMT) of the common

carotid arterial far wall segment

of an 8-year old. This image

denotes a normal common carotid

arterial wall at young age

(IMT=0.48(SD0.08)mm).
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We know from the standard normal distribution (mean=0 and standard deviation=1)

that

P(Z<Z
1
)=0.7116 with Z

1
=0.56 and

P(Z<Z
2
)=0.207 with Z

2
=-0.815.

If the IMT distribution is normal then

0.95=σ x 0.56 + µ and 0.56=σ x –0.815 + µ .

Algebra yields σ=0.218 and µ=0.83, thus the mean IMT of CAD-patients would be

0.83mm if they had no lesions (standard deviation 0.218).

Now thresholds can be derived: (1-α)% of the IMT’s in CAD-patients are below the

limit

limit = zα * σ + α.

Figure 1b. Image and off-line

image analysis of  intima-media

thickness of a 47 year old at

cardiovascular risk (low HDL-

C). Although seemingly unspec-

tacular, every minor change in

IMT is a great leap in cardio-

vascular risk

(IMT=1.14(SD0.12)mm).
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For instance, 95% of the walls would fall below the limit

limit = 1.28 x 0.218 + 0.83 = 1.11mm

if they did not have lesions, and 97,5% of the walls below the limit

limit = 1.96 x 0.218 + 0.83 = 1.26mm

The percentages of lesions, or ‘plaques’, given as population totals and split according

to arterial location were calculated using the estimated 1.11mm threshold value

(Table 1).

With age and cardiovascular risk, mean IMT’s and percentages of plaque increase,

most notably in the carotid bulb and the common carotid femoral arterial walls. This

is also illustrated in Figure 3, in which IMT data of the population samples are clustered

according to arterial segments. The plots show that all locations increase in IMT and

variability with age and exposure to vascular risk, however, IMT increase also varies

for each location. This is the least manifest in the superficial femoral artery (SFA),

Figure 1c. Image and off-line

image analysis of intima-media

thickness (IMT) of the common

femoral arterial far wall of the

same subject. This image

shows major lesion formation

(IMT=2.50(SD0.44)mm)(Figures

by Courtesy of Dr. Wim Stok,

Department of Physiology,

Academic Medical Centre,

Amsterdam).
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Figure 2. Density curves of intima-

media thickness (IMT) distributions of

the population samples were estimated

non-parametrically, based on 0.05mm

data intervals and smoothed using

splines. Based on the curves, we defined

as plaques, those IMT values higher than

the 97.5-percentile of the distribution of

the ‘normal’ IMT’s, estimated at 1.11mm

(dashed line). (YNG-C: Young Controls;

YNG-FH: Young FH; MA-C: Middle-

Aged Controls; SEN-C: Senior Controls;

AD-FH: Adult FH; CAD: Coronary

Artery Disease).

Figure 3. Intima-media thickness (IMT)

in mm. is shown along the Y-axis. The

dashed line indicates the threshold value

of 1.11mm. The IMT’s of the populations

are clustered according to arterial wall

segments (CCA: Common Carotid Artery,

CB: Carotid Bulb, ICA: Internal Carotid

Artery, CFA: Common Femoral Artery,

SFA: Superficial Femoral Artery). The

box-order of populations in each cluster

is similar (YNG-C: Young Controls;

YNG-FH: Young FH; MA-C: Middle-

Aged Controls; SEN-C: Senior Controls;

AD-FH: Adult FH; CAD: Coronary

Artery Disease). In the boxes medians,

upper 75th and lower 25th percentiles are

indicated. Upper and lower whiskers

indicate values 1.5x the box-length away

from the 75th and 25th percentile,

respectively.
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which shows an increase from 0.49(0.09)mm in the unaffected young to 0.64(0.21)mm

in FH adults (δIMT=0.15mm, p<0.001)). The IMT increase is most prominent in the

common femoral artery (CFA; 0.54(0.12)mm in the young to 1.12(0.61) mm in FH

adults (δIMT=0.58mm, p<0.001).

DISCUSSION

In response to age and cardiovascular risk carotid and femoral arterial wall thickness

increases. However, not all arterial wall segments respond in a similar fashion to age

and risk factors like elevated LDL-cholesterol. From IMT density curves, a wall

thickness above 1.11mm could be defined as plaque. Analyses according to anatomical

wall segment showed the common femoral artery as the segment most prone to IMT

increase and plaque formation. From our observations the following consequences

may be drawn.

Firstly, it was estimated where increase in arterial wall thickness comes from. The

IMT findings in the CCA and nearby CB, as well as the CFA and nearby SFA, illustrate

that long term risk can be described by the IMT of any arterial segment, but that

some segments represent this risk better than others. This suggests that at population

level CAD, stroke or any other vascular disease risk is not necessarily described best

by a vessel in the anatomical vicinity of the endorgan, but by the observed response

of an arterial segment to a particular risk factor. The correlations between ultrasound

CFA IMT and coronary angiographic parameters in CAD patients24 and the finding

of correlations between ultrasound CFA IMT and left ventricular mass index in newly

diagnosed hypertensives support that hypothesis32.

Secondly, we estimated that IMT increase is most outspoken in the common femoral

artery (CFA). Consequently, B-mode ultrasound IMT measurements can provide

information on populations at cardiovascular risk. They also show what arterial

locations are most suitable for atherosclerosis studies and drug trials. The findings in

the REGRESS24 and INITIAL/LONGTERM37 trials that statin effects were mainly

evident in the CFA, are in agreement with the hypothesis that pro- and regression

studies of comparative IMT change should be performed in populations and in arterial

locations in which relatively high atherosclerosis progression can be expected.

Thirdly, the existence of the tail in the FH and CAD populations, without further

shifts of the normal parts of the curves to the right, indicate an IMT threshold value.
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Beyond this, atherosclerosis enters the more chaotic stages of plaque formation, arterial

stenosis, occlusion and the symptomatic stages of disease. The data could indicate

that cardiovascular disease prevention should be aimed at inhibition of progression

of arterial wall thickening prior to reaching the later stages of plaque.

Fourthly, the IMT data in different cohorts could be compared only, because

measurements were done according to a single protocol. This illustrates that if IMT

outcome is to be used as an argument in discussions on whether or not to apply

preventive measures in presumed at risk populations, and, whether the results of

therapeutic response of drugs in populations are valid, the strength of the argument

is better supported if measurements were done in a standardized fashion.

It may be concluded that B-mode ultrasound studies can provide information on

IMT distributions in apparently healthy and in at risk populations. The data present

atherosclerosis as a generalized disease of vascular walls with local differences in

increase in arterial wall thickness with age and cardiovascular risk. In arterial locations

with pre-existing thick arterial walls, the presence of plaques is greatly increased.

Since IMT is a valid endpoint for atherosclerosis, locations with the highest estimated

progression provide the highest information content on prevalence and incidence of

clinical sequela. The common femoral conduit should therefore be included in B-

mode ultrasound atherosclerosis studies and drug trials.
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ABSTRACT

Objective:

To compare the effects of the calcium channel blocker amlodipine and the angiotensin

converting enzyme inhibitor lisinopril on intima - media thickness (IMT) in elderly,

previously untreated hypertensives.

Design:

A double-blind randomized parallel group trial.  (The ELVERA trial).

Patients:

The study population comprised 166 newly diagnosed hypertensive subjects (aged

60-75 years) with diastolic blood pressure between 95-115 mmHg and/or systolic

blood pressure between 160-220 mm of Hg.

Intervention:

Patients were randomly allocated to receive amlodipine 5-10 mg or lisinopril 10-20

mg for two years.

Main Outcome Measures:

Prior to and after one and two years of treatment IMT was measured in three carotid

and two femoral arterial sites by B-mode ultrasound. The primary endpoint was the

change from baseline of the combined mean maximum far wall IMT of carotid and

femoral artery, evaluated by repeated measurement analysis of the treatment effect

in an intention-to-treat analysis.

Results:

After two years of treatment amlodipine decreased IMT by 0.089 mm (95% confidence

interval (CI): 0.144-0.037). Lisinopril decreased IMT by 0.065 mm (95% CI: 0.124-

0.010). No differences between both drugs were found (P=0.18). Both treatment

regimens had the greatest reduction of IMT after one year, with a slight increase

after the second year, while blood pressure reduction was maintained. Comparing

carotid with femoral arteries, a significant treatment difference in the change from

baseline of IMT of the elastic common carotid artery in favor of amlodipine was

observed (P < 0.05). The effect of both drugs on the muscular common femoral

artery was not different.

Conclusion:

In a long-term study, amlodipine and lisinopril reduce intima media thickness in

newly diagnosed elderly hypertensive patients. It is suggested that both drugs have

different effects on elastic and muscular arteries.
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INTRODUCTION

Antihypertensive therapy lowers the incidence of hypertension-related cardiovascular

events1-3. However, data on how this therapy affects cardiovascular damage underlying

these events is insufficient4. Clinical effects of antihypertensive therapy on the

development of atherosclerosis are mainly unknown4. More trials measuring the effects

of antihypertensive drugs on vascular wall characteristics are necessary5.

Increase in intima media thickness (IMT) is regarded as an early sign of

atherosclerosis6. Progression of IMT has been associated with the presence of

cardiovascular risk factors such as age, serum LDL cholesterol, hypertension and

smoking7-9 as well as cardiovascular morbidity10; 11. Reduction of cardiovascular risk

factors reduces IMT progression12-14. IMT can be measured with high resolution B-

mode ultrasound, which has been shown to be a validated, sensitive and reproducible

non-invasive endpoint assessment of the status of atherosclerosis and prediction of

future cardiovascular disease15.

An important question is whether various antihypertensive drugs affect atherosclerosis

to a similar extent. The probability that certain antihypertensive drugs, in particular

calcium channel blockers and angiotensin converting enzyme inhibitors, exert an

anti-atherosclerotic action, that is at least partly independent of the blood-pressure-

lowering effect, is supported by evidence obtained from experimental models studying

the development of atherosclerosis16. This may lead to differences in effects on IMT

in the clinical situation.

The ELVERA trial was a prospective, randomized, double-blind, single center trial

comparing the 2 year treatment effects of amlodipine and lisinopril monotherapy on

left ventricular mass in elderly, previously untreated hypertensives. Previously, we

found that treatment with amlodipine and lisinopril resulted in equivalent reduction

of left ventricular mass in these patients17. Now, we report from the ELVERA trial,

the effect of both drugs on carotid and femoral arterial wall thickness in order to

detect clinical differences on vascular remodeling in previously untreated, elderly

hypertensive patients.

METHODS

Patients

Patients with previously untreated mild to moderate hypertension were enrolled from

a population survey performed in the North of the Netherlands in two rural

municipalities. Systolic blood pressure (SBP) and diastolic blood pressure (DBP)

were measured in sitting position after 5 min rest using the right arm. In case a
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difference in blood pressure was detected between both arms (>5 mmHg for DBP

and >10 mmHg for SBP), the arm with the highest blood pressure was used for

future measurements. Patients were considered hypertensive, when four measurements

of DBP were between 95–115 mmHg and/or SBP between 160-220 mmHg derived

from multiple measurements made on three occasions over a period of 4 weeks.

Hypertensive patients aged between 60 and 75 years were selected for the study and

advised to restrict their salt intake (a low-salt diet). After another period of 4 weeks

blood pressure was measured for the fifth time and hypertensive patients who met

the inclusion criteria received placebo treatment for 2 weeks. If blood pressure

remained stable during this run - in period the patients were randomly assigned to

the double-blind treatment phase with amlodipine 5 mg or lisinopril 10 mg. After 6

weeks of active treatment the dose was increased to amlodipine 10 mg and lisinopril

20 mg. Patients who experienced adverse effects due to the higher dose had their

dose adjusted to amlodipine 5 mg and lisinopril 10 mg.

Exclusion criteria for the study were: office blood pressure > 220/115 mmHg; unstable

blood pressure after placebo treatment period, defined as the differences in DBP or

SBP before placebo treatment of >10 or >20 mmHg, respectively; secondary

hypertension of any etiology; angina pectoris; manifest coronary artery disease; current

or recent history of congestive heart failure; hemodynamically significant valvular

heart disease; cardiac arrhythmia; renal insufficiency; insulin dependent diabetes

mellitus. Written informed consent was obtained from all participants and the study

was approved by the Medical Ethical Committee of the University Hospital of

Groningen. Patient compliance was assessed by counting returned tablets at the various

visits.

Blood pressure measurements

Office blood pressure and heart rate were measured in sitting position after 5 minutes

of rest twice at every visit (6,8,18,35,52,68,85 and 104 weeks after the start of active

treatment) with a 2 minute interval between the measurements. In addition, blood

pressure and heart rate were measured in standing position after another 2 minutes.

The mean of two sitting blood pressure measurements was calculated. Systolic and

diastolic blood pressure were recorded at Korotkoff phase I and V at the nearest 2

mmHg.

IMT measurements

Ultrasound measurements were performed by two experienced and certified

sonographers at baseline and after 1 and 2 years of active treatment. An Acuson 128

XP ultrasound system (Acuson Corp., Mountain View, California, USA) with 7 MHz
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linear array transducer was used. Three arterial wall segments of both carotid arteries

and two segments of both femoral arteries were measured with patients in the supine

position. Of the carotid arteries, the far wall segments of the common carotid artery,

carotid bulb and internal carotid were imaged from a fixed lateral transducer position.

Of the femoral arteries, the far wall segments of the common and the superficial

femoral arterial walls were imaged from a fixed anterior transducer position. All

images were saved on S-VHS tape and analysed off-line throughout the study by an

analyst who was unaware of patient characteristics.

The primary endpoint of the present study was the change in combined mean

maximum far wall IMT of ten segments of the carotid and femoral artery after two

years of treatment. The combined far wall IMT of carotid and femoral artery was

taken, because atherosclerosis is regarded as a generalized disease. The secondary

endpoint was the change in maximum far wall IMT of the common carotid artery,

being a mainly elastic artery, and the common femoral artery, being a mainly muscular

artery. From repeatability studies, the measurement error of variation in the population

studied was calculated as 0.03 mm for the primary, combined carotid and femoral far

wall IMT endpoint.

Left ventricular mass measurements

All echocardiographic examinations were performed by one observer, who was

blinded for treatment regimen and BP measurements. An Acuson XP-10

echocardiograph (Acuson Corp., Mountain View, California, USA) with a 2.5-4.0

MHz transducer was used. Three measurements were made of end diastolic left

ventricular posterior wall, interventricular septum and left ventricular end diastolic

diameter in 2-D mode according to the Penn Convention. The formula of Devereux

and Reichek was used to estimate left ventricular mass18. Left ventricular mass was

divided by body surface area in order to calculate left ventricular mass index.

Statistical analysis

Monitoring of data, data management and statistical analysis of the study (SAS

software package, Cary, North Carolina, USA) were performed by an independent

agency (IMRO/Tramarko BV, Berghem, the Netherlands). Results are recorded as

mean ± standard deviation (SD). Analysis of variance (ANOVA) was used to test for

changes within and differences between treatment groups. To test for changes within

and differences between treatment groups after 1 and 2 years of treatment, repeated

measurement analysis of variance (RMANOVA) was performed. The outcome

variable was the change from baseline IMT. The explanatory variables were treatment
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and time as categorical main effects, and the interaction treatment * time to allow for

a differing pattern in IMT change between treatment groups. A correction factor

statine treatment yes/no as categorical variable was implemented. Patients with valid

observation at baseline and at least one valid observation after 1 and 2 years were

included in this RMANOVA. In case of missing values, no imputation was allowed.

Results are of the intention-to-treat type of analysis. The statistical tests were two-

tailed and performed at the 5% level of significance.

The effects of amlodipine and lisinopril on blood pressure were tested by repeated

measurement analysis including all blood pressure measurements after start of

treatment. The percentage of patients whose blood pressure dropped below 140/90

mmHg was calculated.

To study the relation between changes in systolic, diastolic and pulse pressure and

IMT regression after two years of treatment, linear regression analyses was performed

with IMT regression as dependent variable, and changes in blood pressure, median

IMT at baseline and time as independent variables. To study the relation between

changes in left ventricular mass index and regression of carotid and femoral IMT,

analyses of covariance (ANCOVA) were carried out, with change of left ventricular

mass index as dependent variable and baseline left ventricular mass index, change of

IMT and time as independent variables.

The standard deviation for the IMT was estimated from a repeatability study. The

paired absolute differences between the first and the second series of IMT

measurements were calculated. The estimation of the standard deviation was based

on these differences. The SD for the “MAX” maesurements was 0.34. In case of 75

patients per treatment group a between-group difference of 0.06 mm is detectable

with a power of 90% for the MAX measurements.

This was considered a conservative estimate, because in the final analysis repeated

measure analysis was used, including the one and two years measurements after

baseline.

RESULTS

Patients

In the population survey of two rural municipalities, a total of 1969 inhabitants between

60 and 75 years of age had their blood pressure measured. After three serial blood

pressure measurements a total of 386 persons were considered previously untreated
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hypertensive, and advised to take a salt restricted diet. After a period of 4 weeks of

salt restriction 191 patients fulfilled the inclusion criteria and entered the ELVERA

trial. After 2 weeks placebo run-in period 166 patients were randomized to amlodipine

or lisinopril. Baseline characteristics of these patients are given in Table 1. There

were more male patients in the lisinopril group compared to the amlodipine group

(64% versus 47%). The two groups did not differ with respect to body mass index

(patients were mildly obese), blood pressure, age, and lipid profile.

In the amlodipine group 16 patients had their dose reduced to 5 mg, and in the lisinopril

group 7 patients had their dose reduced to 10 mg, mainly because of adverse events.

Of the 166 patients randomized, 120 patients completed the double blind treatment

Amlodipine Lisinopril

(n = 81) (n = 85)

Age (years) 67  ±  4 67  ±  4

Gender M/F 38/43 54/31

Body Mass Index (kg/m2) 28 ±  3 28 ±  4

DBP (mmHg) 92  ±  8 93  ±  9

SBP (mmHg) 175 ±  15 175  ±  14

Isolated systolic hypertension (n) 44 43

Smokers (%) 42 40

Left ventricular mass (g) 207 ±  42 224  ±  55

Total cholesterol (mmol/l) 6.0 ± 1.0 5.8 ± 0.9

HDL - cholesterol (mmol/l) 1.2 ± 0.3 1.3 ± 0.3

LDL - cholesterol (mmol/l) 4.0 ± 0.9 3.9 ± 0.8

Triglycerides (mmol/l) 1.8 ± 1.1 1.4 ± 0.6

Glucose (mmol/l) 4.9 ± 1.9 4.6 ± 1.2

Creatinine (µmol/l) 84 ± 13 88 ± 18

Values are mean ± SD. DBP, diastolic blood pressure; SBP, systolic blood pressure; M,

male; F, female; n = number; HDL, high density liprotein; LDL, low density

lipoprotein.

Table 1 Baseline characteristics of 166 randomized patients
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phase. Patient compliance reflected by mean percentage of tablets taken over 2 years

of treatment was 83 ± 6 % for amlodipine and 84 ± 6 % for lisinopril. Reasons for not

completing the study in the amlodipine group (n = 24) were: adverse events (14),

withdrawal of informed consent (6), protocol violation (2), death (1) and other (1).

Reasons for not completing the study in the lisinopril group (n = 22) were: adverse

events (11), withdrawal of informed consent (4), protocol violation (4) and other (3).

Blood pressure measurements at baseline, and at the end of the study are shown in

Table 2. Blood pressure decreased significantly in both treatment groups (P < 0.0001),

with no differences between the treatment groups. The percentage of patients whose

blood pressure dropped below 140/90 mmHg at the end of the study did not differ

between both treatment groups: in the amlodipine group 26% and in the lisinopril

group 25%.

n Mean SD Median Minimum  Maximum

Diastolic blood pressure (DBP) in mmHg

Amlodipine

  Baseline 81 91.7 7.6    93.0 70.0 106.0

  End of trial 72 83.3* 6.2    82.0 66.0 100.0

Lisinopril

  Baseline 85 93.0 9.0    94.0 70.0 115.0

  End of trial 77 86.5* 8.1    84.0 69.0 111.0

Systolic blood pressure (SBP) in  mmHg

Amlodipine

  Baseline 81 174.7 14.7   173.0 131.0 215.0

  End of trial 72 148.2* 16.2   148.5 106.0 191.0

Lisinopril

  Baseline 85 174.6 14.1   172.0 140.0 220.0

  End of trial 77 148.9* 17.3   147.0 114.0 208.5

*Statistically significant compared to baseline (P<0.0001).

Table 2 Blood pressure values at baseline and at the end of study
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Baseline values for the combined mean maximum IMT of the carotid and femoral

artery, and the changes in the first year and the second versus the first treatment year

are shown in Table 3. After the first year of treatment, a statistically significant decrease

in IMT in both treatment groups: 0.068 mm (SD 0.097) in the amlodipine group and

0.035 (SD 0.084) mm in the lisinopril group. During the second year a slight increase

in IMT compared to the one year time point was found in both treatment groups: in

the amlodipine group 0.032 (SD 0.107) mm and in the lisinopril group 0.009 (SD

0.107) mm (Table 3). A high baseline value resulted in a more marked decrease of

IMT. No significant differences between both treatment regimens concerning IMT

changes were observed (P = 0.18).

In table 4 the maximum far wall IMT of the common carotid artery and the common

femoral artery are shown. There was a significant treatment difference between

amlodipine and lisinopril in the common carotid artery. Amlodipine showed a

significant reduction of IMT after one year of treatment, with a slight increase after

the second year of treatment, whereas lisinopril did not show a significant reduction

after treatment (Figure 1). In the common femoral artery, both drugs showed a

significant decrease of IMT after one year of treatment. After two years of treatment

lisinopril showed a smaller increase of IMT without restoring the baseline value

compared to amlodipine, although the differences between both drugs were not

significant (P = 0.22).

N Mean SD Median Minimum Maximum

Amlodipine

  Baseline 71 1.210 0.281 1.153 0.736 2.224

  Year 1 64 1.121 * 0.257 1.101 0.733 1.789

  Year 2 63 1.166 * 0.236 1.163 0.828 1.756

Lisinopril

  Baseline 77 1.194 0.282 1.124 0.795 2.212

  Year 1 65 1.116 * 0.212 1.091 0.751 1.740

  Year 2 63 1.129 * 0.232 1.084 0.751 1.698

*Statistically significant compared to baseline (P<0.0001).

Table 3 Combined maximum far wall intima media thickness of carotid and femoral

segments (mm)
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N Mean SD Median Minimum Maximum

Common Carotid Artery in mm

Amlodipine

 Baseline 71 1.019 0.159 1.001 0.647 1.492

 Year 1 64 0.971 # 0.177 0.945 0.676 1.867

 Year 2 63 0.986 # 0.199 0.934 0.708 1.940

Lisinopril

 Baseline 77 1.057 0.177 1.023 0.722 1.588

 Year 1 65 1.054 0.201 0.982 0.760 1.892

 Year 2 63 1.057 0.175 1.029 0.705 1.504

Common Femoral Artery in mm

Amlodipine

 Baseline 68 1.443 0.549 1.337 0.655 2.770

 Year 1 63 1.333 * 0.639 1.070 0.540 3.177

 Year 2 63 1.496 0.616 1.361 0.693 3.050

Lisinopril

 Baseline 72 1.502 0.621 1.370 0.651 3.157

 Year 1 62 1.333 * 0.632 1.061 0.664 3.648

 Year 2 60 1.394 0.631 1.132 0.656 3.030

* Statistically significant compared to baseline (P < 0.05)

# Statistically significant compared to lisinopril (P<0.05)

Table 4 Far wall maximum common carotid artery and common femoral artery (mm)

No significant relations were found between regression of IMT and changes of

diastolic, systolic and pulse pressure (R2 = 0.005 with P = 0.25; 0.002 with P = 0.50

and 0.01 with P = 0.10, respectively).

There appeared to be no significant correlation between regression of left ventricular

mass index and regression of carotid and femoral IMT (R2 = 0.002 with P = 0.48 and

0.0004 with P = 0.74, respectively)
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DISCUSSION

In the ELVERA trial both amlodipine and lisinopril reduced combined carotid and

femoral intima - media thickness in elderly with mild to moderate hypertension. The

greatest reduction of IMT was observed in our study after one year of treatment.

Moreover, the greatest reduction was found in those arterial segments with the highest

baseline value, as seen in the femoral artery. The reduction of IMT after one year is

probably mainly due to blood pressure reduction, although a significant relationship

between reduction of blood pressure and decrease in IMT could not be observed.

After the first year of treatment a slight increase of IMT was observed in both treatment

arms. It is reasonable to believe that this reflects the aging effect, because in placebo

controlled studies the progression rate of IMT varied between 0.006 and 0.030 mm/

y 19; 20. We have previously reported a significant reduction of left ventricular mass

after one year of treatment, with an even further reduction after the second year of

treatment 17. This discrepancy in increase in IMT and reduction of left ventricular

mass after the second year of treatment might explain why we could not find a

significant relation between reduction in IMT and reduction of left ventricular mass.

Comparing carotid with femoral arteries, we found that amlodipine had an effect on

the elastic common carotid artery, whereas lisinopril did not. In the muscular femoral

artery, both drugs were effective. Although the results suggest a trend that lisinopril

has a greater long term effect on the femoral artery compared to amlodipine, the

differences are not significant.

A study by Stanton et al. supports the observed greater reduction of common carotid

IMT after one year of treatment by amlodipine compared to lisinopril in 69 previously

* Statistically significant versus change from baseline in the lisinopril group (P<0.05)
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untreated hypertensive patients. After one year of treatment the regression of mean

common carotid artery was 0.048 mm in the amlodipine group versus 0.027 mm in

the lisinopril group (P = 0.04). In contrast with our monotherapy study, doxazosin

and bendrofluazide were added if blood pressure was still above 140/90 mmHg 21.

Our findings are also in line with the findings of the VHAS, in which the calcium

channel blocker verapamil reduced carotid lesions after 4 years of treatment 22. Similar

to our study, the largest reduction of IMT was seen in arterial walls with the highest

baseline value. Another study, partly supporting our findings is the PREVENT study,

in which the effects of amlodipine on carotid IMT were studied versus placebo in

patients with angiographically documented coronary artery disease. Amlodipine

significantly reduced carotid IMT leading to a 0.0126 mm decrease after three years

of treatment 23. The reduction of IMT is much smaller compared to our study, but

patients in PREVENT were normotensive and the majority used antihypertensive

drugs at baseline. There was no treatment difference in the rates of all-cause mortality

or major cardiovascular events, although amlodipine use was associated with fewer

cases of unstable angina and coronary revascularization. The INSIGHT study showed

that another calcium antagonist, nifedipine, significantly slowed down the IMT

progression rate compared to the diuretic co-amilozoride while blood pressure

reductions were similar24.

Recently, it has been shown that nifedipine improves endothelial function in patients

with hypercholesterolemia, independent of the effect on blood pressure or plasma

lipids 25. This effect of nifedipine is thought to be caused by the enhancement of the

bioavailability of endothelial nitric oxide, possibly via an antioxidative protection

mechanism 25, which might contribute to the antithrombotic, antiproliferative, and

anti-atherosclerotic effects of this dihydropyridine calcium antagonist.

As for the effects of ACE inhibitors on IMT, published clinical trials so far are not

conclusive.

In the SECURE study, the effects of ramipril 2,5 mg and 10 mg versus placebo on

carotid IMT were studied in a group of 732 patients with vascular disease or diabetes

and at least one other risk factor. Patient were 55 years or older and did not have

heart failure 26. A significant beneficial effect of ramipril on the progression of

atherosclerosis was observed after 4.5 years of treatment. The reported progression

slope of the mean maximum carotid IMT in the placebo group was 0.0217 (0.0027)

mm/year, while in the ramipril 2.5 mg and ramipril 10 mg group, a progression slope

of 0.0180 (0.0026) mm/year and 0.0137 (0.0024) mm/year, respectively was observed.
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Whether or not dose dependent ACE inhibition affects IMT remains unresolved. It

should be noted that about 1/3 of patients were treated with lipid lowering drugs,

equally divided over the three treatment groups. In the PART-2 study, the effect of

ramipril on carotid atherosclerosis was studied in 617 patients with coronary,

cerebrovascular or peripheral vascular disease after 4 years of treatment 27. In this

study blood pressure and left ventricular mass were significantly reduced after 4

years of treatment, while there was no difference between placebo and ramipril in

the change in common carotid artery wall thickness and carotid plaque.

One might object that our IMT measurements were not corrected for possible

differential effects of both antihypertensives on diameter changes in the carotid artery.

For several classes of antihypertensives, including calcium antagonists and ACE

inhibitors decreases in the carotid diameter have been reported after the start of

treatment. Such a decrease in diameter may result in an increase in the IMT and thus

might mask an IMT reduction in progression of atherosclerosis: in the INSIGHT

study a decrease of 1.2% in carotid lumen diameter was found for nifedipine, which

was not significantly different form the 2.5% for the co-amilozide group. For lisinopril

and other ACE inhibitors a comparable decrease in carotid diameters has been reported.

Although we cannot exclude small effects of different changes in carotid diameter, it

is very unlikely that this would have masked a difference in IMT change between

amlodipine and lisinopril. Previous reports have also reported on the relatively small

contribution of carotid diameter changes to IMT changes 28,29. Moreover, such effects

on carotid diameter occur early after drug initiation (when pressure is reduced) and

remain relatively stable without progression as the IMT changes, suggesting that

they did not confound IMT progression over time. The fact that similar trends over

longer time periods were observed in the IMT for amlodipine and lisinopril in our

study also makes it unlikely that carotid diameter changes have obscured differences

between both drugs on IMT.

Whether our observed decrease in IMT is due to functional vasodilatation rather

than structural changes remains unclear. Ultrasound imaging cannot discriminate

between the intimal layer and the medial layer of the vessel wall to distinguish true

atherosclerosis viewed as a disorder restricted to the intimal layer versus the adaptive

response of the medial layer to changes in tensile stress such as during hypertension
30. However, the common carotid artery is usually relatively not affected by

atherosclerosis, in contrast to the carotid bifurcation 30. Taking this into consideration,

the larger reduction of IMT in the CCA segment by the calcium channel antagonist,

might suggest an effect of the medial layer due to a diminished tensile stress. The

reason why amlodipine leads to a greater effect than lisinopril on the carotid artery
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and not on the femoral artery remains to be explained. The carotid artery is mainly

an elastic artery, whereas the femoral artery is mainly a muscular artery. This might

imply that ACE inhibitors and calcium channel blockers have different effects on

elastic and muscular arteries. On the other hand, far wall IMT CCA is seen as a

marker of arterial wall hypertrophy and not of atherosclerosis, because at this site

intrusive plaques are generally absent. In contrast, combined carotid and femoral

IMT, as well as femoral IMT alone are markers of atherosclerosis because of the

high frequency of plaques at these sites. One explanation of the observed differences

between both drugs on IMT CCA might be a difference in local pulse pressure, as

suggested by the findings of a study by Boutouyre et al., who suggested that the

reduction of carotid IMT is mainly due to a reduction of local pulse pressure31.

Although the effect of amlodipine and lisinopril on pulse pressure was not different

in our study, we did not measure local carotid pulse pressure. The majority of our

elderly hypertensive patients had systolic hypertension. Calcium channel blockers

are favored in patients with systolic hypertension32. Whether the reduction of IMT in

the CCA by amlodipine and not by lisinopril may be considered as an advantage of

the calcium channel antagonist above an ACE inhibitor in patients with systolic

hypertension remains to be investigated.

In conclusion, the calcium channel blocker amlodipine and the ACE inhibitor have

similar effects on the combined IMT of the carotid and femoral artery in these

previously untreated, elderly hypertensives after 2 years of treatment. Different

intervention effects of calcium channel antagonists and ACE inhibitors in various

parts of the arterial tree were present with differential treatment effects in elastic and

muscular arterial segments. Further studies are needed to clarify the observed

differences in effects of both drugs on elastic and muscular arteries in hypertensive

patients.
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SUMMARY AND KEYWORDS

Background:

Experimental and clinical evidence suggests that calcium channel blockers may retard

the atherosclerotic process after long term of treatment. Whether these effects exist

after intermediate term of treatment in hypertensive patients is mainly unknown.

Objective:

To determine the 26 weeks effects of the long acting calcium channel blocker

nifedipine, on intima media thickness (IMT) in newly found hypertensive patients.

Design:

Open-label study with blinded end-point analysis.

Methods:

From a population survey, 131 previously untreated mild hypertensives (4x systolic

blood pressure between 160 -220 mmHg and/or diastolic blood pressure between 95

- 115 mmHg) were included. Patients were treated with long acting nifedipine 30-60

mg targeted to reach a predetermined drop in blood pressure. Prior and after 26 weeks

of treatment, IMT was measured by ultrasonography in the carotid and femoral artery.

The combined mean maximal far wall IMT was used as primary endpoint. Change

from baseline was evaluated by paired t-test in an intention to treat analysis.

Results:

The mean maximal far wall IMT at baseline was 1.03 ± 0.23 mm, and decreased by

0.078 mm (95 % CI 0.044; 0.111) after treatment. Regression analysis, including

baseline IMT and changes of blood pressure, showed that reduction of IMT was

mostly influenced by baseline IMT (p < 0.001; model R2 = 0.11). Conclusion: Our

observations show that 26 weeks of nifedipine treatment already inhibits IMT

progression in these newly found hypertensive patients. This effect was mostly seen

in arterial walls with highest IMT before treatment, suggesting that patients with

highest cardiovascular risk benefit most of antihypertensive treatment.

Keywords: intima media thickness, previously untreated hypertensive, long acting

nifedipine

INTRODUCTION

Many studies have shown cross-sectional associations between carotid intima-media

thickness, measured by ultrasonography, and cardiovascular risk factors 1-4, the

prevalence of cardiovascular disease 5,6, and the presence of atherosclerosis in other

arterial beds 7. Changes in intima-media thickness (IMT) have been used as surrogate
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end point in determining the success of interventions that lower the levels of low-

density lipoprotein cholesterol 8. So far, few studies have looked at the effects of

antihypertensive drugs on carotid intima media thickness in hypertensive patients 9.

The possibility that antihypertensive drugs, in particular calcium channel blockers,

exert an anti-atherosclerotic action that is at least partly independent of their blood

pressure lowering effect is supported by evidence obtained from several experimental

models of atherosclerosis 10-12. Three clinical, randomized trials have used B-mode

carotid ultrasound to compare long-term treatment of a calcium channel blocker with

a diuretic agent in assessing vascular changes in hypertensive patients. The Multicenter

Isradipine Diuretic Atherosclerosis Study (MIDAS) 13 concluded that isradipine and

the diuretic hydrochlorothiazide had similar effects on progression of carotid artery

wall lesions, whereas the Verapamil Hypertension Atherosclerosis Study (VHAS) 14

concluded that the calcium channel blocker verapamil had a greater effect on the

progression of carotid artery wall than the diuretic chlorthalidone. Recently, the

International Nifedipine GITS Study (INSIGHT) ) 15, reported a difference in early

carotid wall changes in favor of the calcium channel antagonist nifedipine compared

to co-amilorizide after 4 years of treatment in hypertensive patients. Little is known

about the short and intermediate term effects of dihydropyridines calcium channel

blockers on peripheral arterial walls in hypertensive patients. And, whether the above

mentioned long term effects of antihypertensive drugs on arterial walls exist already

after intermediate term treatment is mainly unknown.

Therefore, the aim of our study was to determine the intermediate term (26 weeks)

effects of the long acting dihydropyridine calcium channel blocker nifedipine on

carotid and femoral IMT in previously untreated asymptomatic hypertensive patients.

METHODS

Patients

Subjects were drawn from a population survey performed in two rural municipalities

in the northern part of the Netherlands. Systolic blood pressure (SBP) and diastolic

blood pressure (DBP) were measured in sitting position after 5 min of rest using the

right arm. Those with previously untreated hypertension (to be defined as four

measurements of SBP between 160-220 mmHg and/or DBP between 95-115 mmHg

derived from multiple measurements made on three occasions over a period of 4

weeks) were included in the study. Exclusion criteria were all forms of secondary

hypertension (tested by history and physical examination), mean sitting DBP greater

than 115 mmHg, total cholesterol greater than 8 mmol/L, clinically significant heart

failure or valvular heart disease with hemodynamic consequences; cardiac
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arrhythmias, pacemaker and myocardial infarction within the last 6 months;

concomitant disease of the liver (liver function test > twice the upper limit of normal),

kidneys (creatinine > 160 µmol/l), angina pectoris, insulin dependent diabetes mellitus,

use of antilipaemic drugs, alcohol or drug abuse, any therapy known to affect

absorption and the inability to give consent to participate in the study.

Treatment regimen

Treatment was started with long acting nifedipine 30 mg. After 4 weeks the dose was

uptitrated to 60 mg, unless SBP had fallen ≤ 140 mmHg and/or DBP ≤ 90 mmHg

with a minimum decrease of 10 mmHg. If patients adjusted to the higher dose

developed symptoms related to hypotension, their dose was adjusted. In patients

with inadequate therapeutic response to 60 mg nifedipine (defined as a SBP > 180

mmHg or a DBP > 105 mmHg) 12.5 mg hydrochlorothiazide was added. If response

was still inadequate after another 4 weeks, the hydrochlorothiazide dose was doubled

to 25 mg, as a last titration step. When response was still inadequate after this last

titration step, patients were excluded from the study. Blood pressure and heart rate

were measured at baseline and after 4, 8,18 and 26 weeks of treatment.

Office blood pressure measurements

At each visit, blood pressure was measured twice with at least 2 minutes interval in

the sitting position. The arm, in which the higher blood pressure values were measured

at the start of the study, was used for further measurements. The heart rate was taken

immediately after the first blood pressure measurement in sitting position by counting

the pulse for at least one minute.

Ambulatory blood pressure monitoring

Ambulatory blood pressure (ABP) was measured at baseline and after six months of

treatment using the SpaceLabs 90207 equipment (SpaceLabs Inc. Redmond

Washington, USA). Ambulatory blood pressure was recorded every 30 minutes during

daytime (7.00-22.59h) and every 60 minutes during nighttime (23.00-6.59h). A cuff-

size suitable to the arm circumference was selected. Patients were instructed to keep

the arm still at the time of measurement and to carry out normal activities during the

24 hours of measurement. Ambulatory recordings were performed only on working

days, and the blood pressures were not displayed on the monitor. ABP-data were

analyzed without data-editing using time-weighed means. At least 80% of readings

must be successful, otherwise the measurement was repeated if possible.
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B-mode ultrasound

The B-mode ultrasound imaging of the carotid and the femoral arterial walls was

done with an Acuson 128 (Acuson Corp., Mountain View, California, USA), equipped

with a 7.0 MHz L7384 linear array transducer by two experienced and certified

sonographers, who were unaware of the clinical data. The methods used to record

and analyze B-mode ultrasound images have been described in detail before 16. In

short, ten prespecified right and left carotid and femoral arterial wall segments were

imaged. In the carotid artery, the arterial segment 1 cm proximal to the carotid

dilatation (the common carotid artery), the arterial segment between the carotid

dilation and carotid flow divider (carotid bulb) and a 1 cm long arterial segment

distal to the flow divider (internal carotid artery) were measured. In the femoral

artery, a 1 cm long arterial segment proximal to the femoral dilation (common femoral

artery) and a 1 cm arterial segment distal to the femoral flow divider (superficial

femoral artery) were measured. Of each arterial segment, 5-s real time image

sequences were stored on S-VHS. B-mode ultrasound video images were analyzed

off-line (S-VHS Panasonic NV-FS 100 HQ; VCR; Sony GVM-1400 QM multisync

monitor; IDEN IVT-7p time base correctors, IPC 80486 personal computer equipped

with DT2861 and DT2862 frame grabbers) by one reader. Image analysis software

was developed in cooperation with Selzer et al 17. The IMT of the far wall was

evaluated as the distance between the luminal-intimal interface and the medial-

advential interface. Six carotid and four femoral IMT data were aggregated to a

single IMT value for each subject. The mean of the maximum IMT of up to ten

combined far walls was the primary endpoint of the study. The mean of the mean

IMT and the mean of the minimum IMT of up to ten combined far walls were

secondary endpoints.  In case macrovascular lesions were obvious and IMT was not

measurable, lesions were considered plaques. Also, when IMT exceeded 1.2 mm,

lesions were considered plaques. Plaques were scored as a dichotomous variable in

the 10 predefined arterial segments in both the near and far walls. From repeated

measurement procedures, the measurement error of variation in the population studied

was calculated as 0.04 mm for the primary, combined carotid and femoral far wall

IMT endpoint.

Echocardiography

Echocardiographic examinations were recorded by the same sonographer in the course

of the study. An Acuson 128XP/10 (Acuson Corp., Mountain View, California, USA)

with a 2.5-4.0 MHz transducer was used. Left ventricular dimensions were measured

in 2-D mode according to the Penn-Convention in the left lateral decubitus position.

Three recordings were made of end diastolic left ventricular wall (LVPW),
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interventricular septum (IVS) and left ventricular end diastolic diameter (EDD). To

estimate left ventricular mass the cube formula of Devereux and Reichek 18 was

used. The left ventricular mass index was calculated by dividing left ventricular mass

by body surface area.

Diastolic filling abnormalities were measured by using pulsed Doppler echo-

cardiography. Measurements were done in the standard apical four-chamber view,

with the patient in the left decubitus position. The Doppler sampling volume was

placed between the tips of the mitral valve leaflets to obtain maximal filling velocities.

Three recordings were made at the end of expiration. Early peak (E-peak) and atrial

peak (A-peak) filling velocities were measured and their ratio (E/A ratio) calculated.

Statistical analysis

All statistical analyses (SAS software package, Cary, North Carolina, USA) were

done by an independent statistical center (Trial Coordination Center, University

Hospital Groningen, The Netherlands). The primary endpoint for treatment efficacy

was the change in mean maximal far wall IMT. One of the secondary endpoints of

the study was the change in mean mean far wall IMT and the change in mean minimum

far wall IMT. Data are expressed as means ± standard error of the mean (sem) or

mean ± standard deviation (SD). Paired t-test or Wilcoxon sign-rank test was used to

test for changes of IMT after treatment, as appropriate. Results are of the intention-

to-treat type of analysis. Before the start of the study, power calculations were

performed. An IMT difference of 0.12 mm was detectable (using a SD of 0.251 mm,

which we found in the REGRESS study), with a power of 0.83 and an alpha of 0.0519

Calculations were based on power calculations by de Groot et al 19. and Salonen

et al 20. To determine whether relations existed between maximum IMT, left ventricular

mass, ambulatory blood pressures and their changes after treatment, Spearman

correlations were used. To analyze which factors contribute to regression of mean

maximum IMT after treatment, regression analysis was performed. The independent

variables included baseline maximum IMT, change of ambulatory systolic, diastolic,
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and pulse pressure after 26 weeks of treatment. All statistical tests were two-sided

with a significance level of P < 0.05.

RESULTS

Patients

In the population survey 5107 inhabitants between 25 and 60 years of age had their

blood pressure measured. After three serial blood pressure measurements a total of

228 persons without antihypertensive drug treatment had DBP ≥ 95 mmHg and 150

previously untreated persons had SBP ≥ 160 mmHg and were considered hypertensive.

They were offered to have their cholesterol levels checked and get their blood pressure

taken for a fourth time. Out of this remaining group, 131 patients gave written consent

Mean (range)

Age (years) 52 (27-60)

Sex (% Male) 47

Smoking

None (%) 44

Current (%) 32

Past (%) 24

Body Mass Index (kg/m2) 28.5 (19.3-44.4)

Systolic blood pressure (mmHg) 173 (138-224)

Diastolic blood pressure (mmHg) 100 (78-114)

24 Hours mean systolic blood pressure (mmHg) 134 (108-165)

24 Hours mean diastolic blood pressure (mmHg) 84 (58-110)

Heart rate (beats/min) 74 (46-108)

Total cholesterol (mmol/l) 6.2 (5.0-8.0)

HDL cholesterol (mmol/l) 1.30 (0.59-2.28)

LDL cholesterol (mmol/l) 4.10 (2.47-5.61)

Triglycerides (mmol/l) 1.80 (0.32-11.07)

Glucose (mmol/l) 4.4 (3.3-13.4)

Potassium (mmol/l) 4.5 (3.7-5.7)

Creatinine (µmol/l) 84 (60-132)

HDL, High Density Lipoprotein; LDL, Low Density Lipoprotein

Table 1 Baseline characteristics of 131 patients
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for the study and were included. They were treated with long acting nifedipine, as

described above, and advised to take a cholesterol lowering diet. The population

characteristics at baseline are summarized in Table 1. After 26 weeks of treatment,

116 patients were still in the study whereas 15 patients dropped out, mostly due to

adverse events. A total of 23 patients had their dose reduced to 30 mg, merely because

of adverse events. Reasons for not completing the 26 weeks of treatment with

nifedipine were: adverse events (10), withdrawal of informed consent (2), protocol

violation (2) and other (1). A total of 102 patients (78%) reported side effects or

adverse events during the study, resulting in 10 patients (8%) discontinuing the

treatment as primary reason. Most common side effects probably related to drug

treatment were headache (39), ankle oedema (27) and flush (23).

Effect of treatment on blood pressure, heart rate and metabolic variables

In the study treatment plan, nifedipine significantly reduced office blood pressures,

24 hour systolic and diastolic blood pressure, while mean heart rate remained

unchanged, as seen in table 2. Lipid profile did not change after 26 weeks of treatment.

A total of 38 patients (28%) had blood pressures below 140/90 mmHg. A total of 10

   Week 0     Week 26   P value

24 Hour Ambulatory Blood Pressure in mmHg

Systolic blood pressure 133.8 (1.0) 126.8 (0.9) < 0.0001

Diastolic blood pressure 84.1 (0.8) 80.0 (0.7) < 0.0001

Office Blood Pressure in mmHg

Systolic blood pressure 173 (16) 144 (12) < 0.0001

Diastolic blood pressure 100 (7) 89 (7) < 0.0001

Total Cholesterol (mmol/l) 6.2  (0.7) 6.3 (0.8) 0.391

HDL cholesterol (mmol/l) 1.30 (0.35) 1.29 (0.35) 0.774

LDL cholesterol (mmol/l) 4.10 (0.65) 4.22 (0.78) 0.152

Triglycerides (mmol/l) 1.80 (1.21) 1.75 (1.05) 0.641

Values are mean (SD).

Table 2 Blood pressure and cholesterol levels after 26 weeks of treatment
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patients needed additional diuretic treatment to get their blood pressure below 180/

105 mmHg. No patient used antilipaemic drugs. Body mass index didn’t change

after 26 weeks of treatment.

Effect of treatment on intima media thickness

The change of mean max far wall IMT was –0.078 mm (95% CI –0.111;-0.044) with

P < 0.0001). For the secondary endpoint the change of mean mean far wall IMT was

–0.055 mm (95% CI –0.080;-0.031) with P < 0.0001. The change of mean max far

wall IMT and the change of mean mean far wall IMT did not differ when only

participants with both baseline and 6 months measurements available (matched

couples) were calculated, so the drop-outs did not affect the outcome (table 3). The

greatest reduction in far wall IMT was seen in the common femoral artery, in which

also the highest baseline IMT was found, as seen in table 4. Moreover, in the carotid

bulb and the superficial femoral artery no significant changes were observed. The

minimum far wall IMT was reduced only in the common femoral artery, which

exhibited also the highest baseline value (table 4). At baseline, the majority of the

arterial plaques was found in the common femoral artery (prevalence of 34%),

Mean (sem) N

Mean max far wall IMT baseline, mm 1.03 (0.02) 131

Mean max far wall IMT after 26 weeks, mm 0.94 (0.02) 116

Matched mean max far wall IMT baseline, mm 1.02 (0.02) 116

Change of mean max far wall IMT, mm -0.08 (0.02) 116

Mean mean far wall IMT baseline, mm 0.81 (0.01) 131

Mean mean far wall IMT after 26 weeks, mm 0.75 (0.01) 116

Matched mean mean far wall IMT baseline, mm 0.81 (0.01) 116

Change of mean mean far wall IMT, mm -0.06 (0.01) 116

Values are mean (sem, standard error of the mean)

Table 3 Change in intima media thickness after 26 weeks of treatment
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followed by the carotid bulb (22%) and the internal carotid artery (15%). The minority

of the arterial plaques was found in the superficial femoral artery (5%) and the common

carotid artery (3%). At baseline significant correlations were found between mean

maximum far wall IMT and left ventricular mass (r = 0.27 with P = 0.002), ambulatory

systolic and diastolic blood pressure (r = 0.22 with P = 0.01 and r = 0.18 with P =

0.04, respectively). Change in mean maximum IMT was not correlated with change

in left ventricular mass (r = 0.02 with P = 0.87), nor with changes in ambulatory

systolic and diastolic blood pressures (r = 0.05 with P = 0.62 and r = 0.009 with P =

0.92, respectively). Regression analysis revealed, that the reduction of maximum

Segment Week N Mean (mm) Max (mm) Min (mm)

CCA 0 261 0.756 (0.143) 0.939 (0.182) 0.578 (0.130)

26 230 0.724 (0.136)* 0.904 (0.171) * 0.570 (0.112)

BUL 0 252 0.895 (0.273) 1.154 (0.418) 0.645 (0.225)

26 221 0.880 (0.352) 1.098 (0.428) 0.665 (0.277)

ICA 0 226 0.778 (0.286) 0.992 (0.416) 0.553 (0.217)

26 201 0.720 (0.222)* 0.911 (0.313) * 0.516 (0.189)

CFA 0 250 0.996 (0.518) 1.263 (0.669) 0.725 (0.420)

26 213 0.830 (0.440)** 1.045 (0.561) ** 0.643 (0.371)*

SFA 0 245 0.615 (0.168) 0.780 (0.220) 0.455 (0.145)

26 223 0.610 (0.191) 0.767 (0.250) 0.463 (0.167)

 * = P < 0.05, ** = P < 0.001. Data are expressed as means (SD). CCA, common carotid

artery; BUL, bulbus of carotid artery; ICA, internal carotid artery; CFA, common femoral

artery; SFA, superficial femoral artery; Mean, mean of all mean far wall IMT; Max, mean

of all maximum far wall IMT; Min, mean of all minimum far wall IMT.

Table 4  Combined left and right far wall intima media thickness (IMT) per segment

at baseline and after 26 weeks of treatment
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IMT was mostly influenced by the baseline maximum IMT (p < 0.001; model R2 =

0.11).

Reproducibility

Ten, randomly chosen patients were reexamined, in order to reveal the measurement

of variation. The measurement error of variation of the mean max far wall IMT at

baseline was 0.07 mm. After 26 weeks of treatment a second reproducibility study

with the same ten patients revealed a measurement error of variation of 0.04 mm.

Echocardiography

The mean left ventricular mass index at baseline was 97.8 g/m2 (sem ± 1.9). The

change of left ventricular mass index after 26 weeks of open label nifedipine treatment

was –8.9 g/m2 (95% CI –11.5; -6.4), with P <0.0001. This is a reduction of 9.1%. The

mean E/A ratio at baseline was 1.04 (sem ± 0.02), and did not significantly change

after 26 weeks (change of 0.028 with 95% CI (–0.006; 0.061)).

DISCUSSION

Antihypertensive therapy with the dihydropyridine calcium channel blocker nifedipine

in a long-acting formulation significantly reduced intima media thickness of the carotid

and femoral arteries in these hypertensive patients with mild hypercholesterolemia

after 6 months of treatment. This reduction in IMT is probably mainly due to blood

pressure reduction, although a significant relationship between reduction of blood

pressure and decrease in IMT could not be observed. Our patients were slightly obese,

with 30% smokers, had mild to moderate hypertension and mild hypercholesterolemia

and therefore exhibit at least 2 risk factors for cardiovascular morbidity. Our findings

comply with the findings of the long term VHAS 14, in which verapamil reduced

carotid lesions after 4 years of treatment. The greatest reduction of IMT was seen in

arterial walls with the highest baseline value, as in our study. However, the relatively

short-term effects of treatment on IMT could not be studied, because in the VHAS

the baseline IMT value consisted of the mean of 2 consecutive measurements with a

timespan of 3 months. Therefore possible reduction of IMT after 3 months of treatment

could not be assessed. In the VHAS this design was done in order to minimize the

regression to the mean effect.

It is unlikely that the regression of IMT, found in our study, is due to regression to the

mean, as we used up to 10 IMT measurements to obtain the IMT max as the primary

endpoint. Moreover, IMT was not a selection criterion for the study. Furthermore,

the accuracy and reproducibility were checked regularly. We used two expert

sonographers and one reader, who were unaware of the patient characteristics.
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Reproducibility of IMT measurements in our group of patients was well within

acceptable range 21. Recently, the INSIGHT study showed that nifedipine significantly

slowed down the IMT progression rate compared to the diuretic co-amilorizide while

blood pressure reductions were similar 15.

Another study supporting our findings is the long term PREVENT study in which

the effects of amlodipine versus placebo on IMT were studied in patients with

angiographically documented coronary artery disease. In PREVENT, amlodipine

significantly reduced carotid artery IMT after 3 years of treatment 22. The decrease in

IMT in our intermediate term study is considerably greater than that observed in the

PREVENT. The reason for this difference in IMT reduction, might be that all our

patients were previously untreated, while the majority of the patients in PREVENT

had antihypertensive drugs and were normotensive at baseline.

One might object that our IMT measurements were not corrected for possible effects

of nifedipine on diameter changes in the carotid artery. Decreases in the carotid

diameter have been reported after the start of antihypertensive treatment. Such a

decrease in diameter might result in an increase in IMT and thus might mask an IMT

reduction in progression of atherosclerosis. In the INSIGHT study a decrease of

1.2% in carotid lumen diameter was found for nifedipine 15. Such effects on carotid

diameter occur early after drug initiation, when pressure is reduced, and remain

relatively stable without progression as the IMT changes.

Whether this decrease in IMT is due to functional vasodilatation rather than structural

changes remains unclear. Ultrasound imaging cannot discriminate between the intimal

layer and the medial layer of the vessel wall to distinguish true atherosclerosis viewed

as a disorder restricted to the intimal layer versus the adaptive response of the medial

layer to changes in tensile stress such as during hypertension 23. However, the common

carotid artery is usually spared in atherosclerosis, in contrast to the carotid bifurcation
23. In this view, the significant reduction of IMT in the CCA segment and not in the

carotid bulb, suggest a reduction of the medial layer to a probably diminished tensile

stress.

Boutouyrie et al. 24 suggested that this effect in the carotid artery is mainly due to a

reduction in local pulse pressure. Theoretically, this would imply that not only calcium

channel blockers could affect IMT, but all antihypertensive drugs, provided local

pulse pressure is lowered. On the other hand, a reduction in IMT of the radial artery,

being a muscular artery, was not seen in the study by Boutouyrie et al. 24 that compared

the effects of a betablocker with an ACE inhibitor. In our study, we found the greatest

reduction of IMT in the femoral artery, being a muscular artery, suggesting that calcium

channel blockers affect the muscular arteries as well as the elastic arteries like the

carotid artery. This reduction of IMT was mostly influenced by the baseline IMT.
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This implies that arterial walls with thicker IMT show the most marked treatment

effects, as seen in the common femoral artery of our patients.

Why calcium channel blockers reduces IMT already within 6 months of treatment,

we can only speculate. Recently, it has been shown that nifedipine improves

endothelial function in patients with hypercholesterolemia, independent of an effect

on blood pressure or plasma lipids 25,26. This effect of nifedipine is thought to be

realized by the enhancement of the bioavailability of endothelial nitric oxide, possibly

via an antioxidative protection 27. This increased nitric oxide availability might

contribute to the antithrombotic, antiproliferative, and antiatherosclerotic effects of

the dihydropyridine calcium antagonist.

The study design of the study is consistent with clinical practice. Treatment of

hypertension usually starts with monotherapy. This seems insufficient nowadays,

because in more than 50% of patients, as has been demonstrated in most intervention

trials 28 combination therapy is necessary. In our study nearly 30% of patients with

monotherapy had a blood pressure of 140/90 mmHg or lower, whereas 8% of patients

required additional diuretic treatment to get their blood pressure below 180/105

mmHg. According to the recently published JNC IV 29 and WHO-ISH 30 guidelines,

additional treatment seems justified nowadays.

The reduction of 9.1 % of left ventricular mass that we found after 26 weeks of

treatment, is similar in studies performed in primary care setting 31,32. Regression of

left ventricular mass is usually associated with improvement of diastolic filling. In

this study, E/A ratio did not change significantly after treatment. This may be explained

by the fact that E/A ratio was not markedly abnormal before the start of treatment.

Conclusions

Our observations extend those of previous longer term studies showing that 26 weeks

of antihypertensive treatment with nifedipine treatment inhibits IMT progression in

previously untreated hypertensive patients. Although this is an open label study, the

endpoint measurements were done in a blinded fashion. Therefore, the IMT reduction

can be considered to represent an effect of our initiation of blood pressure lowering

treatment, because the natural course of IMT consists of an increase, or during our

short study period, a stable value. The clinical significance of these changes in IMT

is not fully clear, but the beneficial effects of calcium channel blockers on IMT may

announce a smaller incidence of complications in the longer term. This has to be

confirmed by larger studies with longer follow-up.
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ABSTRACT

Background:

The addition of statin treatment to antihypertensive treatment with calcium channel

blockers treatment might have a synergistic effect on cardiovascular remodeling in

patients with multiple risk factors.

Objective:

To determine the effects of simvastatin versus placebo besides nifedipine treatment

on left ventricular mass and intima media thickness in patients with combined

hypertension and mild hypercholesterolemia.

Methods:

A total of 100 patients were randomized to simvastatin or placebo and treated for 2

years after having been treated with open label long acting nifedipine 30 or 60 mg

for 26 weeks. Echocardiographically determined left ventricular mass and diastolic

function, B-mode ultrasound scanning of carotid and femoral artery wall thickness

and 24 hour ambulatory blood pressure was performed at baseline and at the end of

the study.

Results:

After 2 years of treatment, left ventricular mass was borderline significantly reduced

by simvastatin treatment (-19 ± se 1.7 g/m2) compared to placebo (-14 ± se 1.7 g/m2)

with P = 0.05. Changes in intima media thickness and blood pressure were not different

between both groups. Cholesterol was significantly lowered in the simvastatin group

compared to placebo.

Conclusion:

The addition of simvastatin compared to placebo to nifedipine treatment did not

result in changes in cardiovascular structure, although cholesterol was significantly

lowered by simvastatin compared to placebo in these with nifedipine treated

hypertensive patients with mild hypercholesterolemia.

INTRODUCTION

When hyperlipidemia is associated with hypertension, the risk of major cardiovascular

events rises dramatically2. Both left ventricular hypertrophy1 and increased intima

media thickness3 have been shown to be independent prognostic factors for

cardiovascular morbidity and mortality. Most surrogate endpoint hypertension studies

use left ventricular mass, while statin studies have often used intima media thickness,

but not left ventricular mass as an endpoint.

Statin therapy has many effects. Besides the well known reducing effects on intima
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media thickness as shown in many randomized trials 5-8, statins have recently been

shown to inhibit angiotensin II-mediated induction of transcription factors c-jun and

c-fos9. This observation raises the possibility that statins may induce regression of

left ventricular mass by blocking signaling pathways independent of cholesterol-

lowering effects.

The possibility that calcium channel blockers exert an anti-atherosclerotic action

that is at least partly independent of their blood pressure lowering effect is supported

by evidence obtained from several experimental models of atherosclerosis 10; 11. In

two trials, the VHAS and the INSIGHT, calcium channel blockers were compared to

diuretics using B-mode ultrasound. It was shown that calcium channel blockers

reduced intima media thickness more effectively than the diuretics 12,13. Little is known

about the possibly synergistic effects of hypolipaemic statin and antihypertensive

calcium channel blocker treatment in patients with combined hypertension and

hypercholesterolemia.

The objective of the present study was to assess the two year effects of adding

simvastatin versus placebo to nifedipine treatment on left ventricular mass and intima

media thickness in patients with treated hypertension and mild hypercholesterolemia.

METHODS

Patients

Subjects were recruited from an ongoing open label trial, studying the 26 weeks

effects of long acting nifedipine on left ventricular mass, diastolic function and intima

media thickness in patients with combined previously untreated hypertension and

mild hypercholesterolemia.

These patients were recruited from a population survey. In this survey systolic blood

pressure (SBP) and diastolic blood pressure (DBP) were measured in sitting position

after 5 min of rest using the right arm. Those with previously untreated hypertension

(to be defined as four measurements of SBP between 160-220 mmHg and/or DBP

between 95-115 mmHg derived from multiple measurements made on three occasions

over a period of 4 weeks) were treated with long acting nifedipine 30 or 60 mg for 26

weeks. Patients were advised to follow a cholesterol lowering diet. After these 26

weeks patients, who had still hypercholesterolemia, were invited to enter this two

year follow up trial, studying the additive effects of simvastatin versus placebo

treatment in these patients. Exclusion criteria for the randomization to simvastatin or

placebo were all forms of secondary hypertension (tested by history and physical

examination), total cholesterol greater than 8 mmol/L, clinically significant heart

failure or valvular heart disease with hemodynamic consequences; cardiac
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arrhythmias, pacemaker and myocardial infarction within the last 6 months;

concomitant disease of the liver (liver function test > twice the upper limit of normal),

kidneys (creatinine > 160 µmol/l), angina pectoris, diabetes mellitus, use of

antilipaemic drugs, alcohol or drug abuse, any therapy known to affect absorption

and the inability to give consent to participate in the study.

Treatment regimen

As stated above patients had been treated with long acting nifedipine 30 mg or 60 mg

for 26 weeks. They were advised to take a cholesterol-lowering diet. After 26 weeks,

cholesterol levels were determined, and the included patient with total cholesterol

between 5.0 and 8.0 mmol/l were randomized to simvastatin 20 mg or placebo. After

8 weeks the dose was doubled to 40 mg when total cholesterol remained ≥ 5.0 mmol/

l or had fallen less than 1.5 mmol/l. Besides these visits, after 26, 39, 52, 69, 84 and

104 weeks of treatment, routine control visits for conventional blood pressure

measurements, adverse events registration and drug distribution took place.

Office blood pressure measurements

At each visit, blood pressure was measured twice with at least 2 minutes interval in

the sitting position. The arm, in which the higher blood pressure values were measured

at the start of the study, was used for further measurements. The heart rate was taken

immediately after the first blood pressure measurement in sitting position by counting

the pulse for at least one minute.

Ambulatory blood pressure monitoring

Ambulatory blood pressure (ABP) was measured at baseline and after two years of

treatment using the SpaceLabs 90207 equipment (SpaceLabs Inc. Redmond

Washington, USA).

Ambulatory blood pressure was recorded every 30 minutes during daytime (7.00-

22.59h) and every 60 minutes during nighttime (23.00-6.59h). A cuff-size suitable to

the arm circumference was selected. Patients were instructed to keep the arm still at

the time of measurement and to carry out normal activities during the 24 hours of

measurement. Ambulatory recordings were performed only on working days, and

the blood pressures were not displayed on the monitor. ABP-data were analyzed

without data-editing using time-weighed means. At least 80% of readings must be

successful, otherwise the measurement was repeated if possible.



121

Effects of simvastatin besides nifedipine

Echocardiography

Echocardiographic examinations were recorded by the same sonographer in the course

of the study. An Acuson 128XP/10 (Acuson Corp., Mountain View, California, USA)

with a 2.5-4.0 MHz transducer was used. Left ventricular dimensions were measured

in 2-D mode according to the Penn-Convention in the left lateral decubitus position.

Three recordings were made of end diastolic left ventricular wall (LVPW),

interventricular septum (IVS) and left ventricular end diastolic diameter (EDD). To

estimate left ventricular mass the cube formula of Devereux and Reichek14 was used.

The left ventricular mass index was calculated by dividing left ventricular mass by

body surface area.

Diastolic filling abnormalities were measured by using pulsed Doppler echocardio-

graphy. Measurements were done in the standard apical four-chamber view, with the

patient in the left decubitus position. The Doppler sampling volume was placed

between the tips of the mitral valve leaflets to obtain maximal filling velocities.

Three recordings were made at the end of expiration. Early peak (E-peak) and atrial

peak (A-peak) filling velocities were measured and their ratio (E/A ratio) calculated.

B-mode ultrasound

At baseline and after 2 years of treatment, B-mode ultrasound imaging of the carotid

and the femoral arterial walls was done. An Acuson 128 XP (Acuson Corp., Mountain

View, California, USA), equipped with a 7.0 MHz L7384 linear array transducer,

was used by two experienced and certified sonographers, who were unaware of the

clinical data. The methods used to record and analyze B-mode ultrasound images

have been described in detail before15. In short, ten prespecified right and left carotid

and femoral arterial wall segments were imaged. In the carotid artery, the arterial

segment 1 cm proximal to the carotid dilatation (the common carotid artery), the

arterial segment between the carotid dilation and carotid flow divider (carotid bulb)

and a 1 cm long arterial segment distal to the flow divider (internal carotid artery)

were measured. In the femoral artery, a 1 cm long arterial segment proximal to the

femoral dilation (common femoral artery) and a 1 cm arterial segment distal to the

femoral flow divider (superficial femoral artery) were measured. Of each arterial

segment, 5-s real time image sequences were stored on S-VHS. B-mode ultrasound

video images were analyzed off-line (S-VHS Panasonic NV-FS 100 HQ; VCR; Sony

GVM-1400 QM multisync monitor; IDEN IVT-7p time base correctors, IPC 80486

personal computer equipped with DT2861 and DT2862 frame grabbers) by one reader.

Image analysis software was developed in cooperation with Selzer et al 16. The IMT

of the far wall was evaluated as the distance between the luminal-intimal interface
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and the medial-advential interface. Six carotid and four femoral IMT data were

aggregated to a single IMT value for each subject. The mean of the maximum IMT

of up to ten combined far walls was the primary endpoint of the study. The mean of

the mean IMT and the mean of the minimum IMT of up to ten combined far walls

were secondary endpoints.  In case macrovascular lesions were obvious and IMT

was not measurable, lesions were considered plaques. Also, when IMT exceeded 1.2

mm, lesions were considered plaques. Plaques were scored as a dichotomous variable

in the 10 predefined arterial segments in both the near and far walls. From repeated

measurement procedures, the measurement error of variation in the population studied

was calculated as 0.04 mm for the primary, combined carotid and femoral far wall

IMT endpoint.

Statistical analysis

All statistical analyses (SAS software package, Cary, North Carolina, USA) were

done by an independent statistical center (Trial Coordination Center, University

Hospital Groningen, The Netherlands). The primary endpoint for treatment efficacy

was the change in left ventricular mass index. A subanalysis of the primary endpoint

was performed to assess differences in treatment effect of simvastatin for patients

with larger screening LVMI. In order to assess this, an analysis of covariance

(ANCOVA) was performed with the change in LVMI from randomization to end of

the study as dependent variable and the screening LVMI, medication and their

interaction as independent variables. The secondary endpoints of the study were the

change in mean maximal far wall IMT, the change in mean 24 hours ambulatory

systolic and diastolic blood pressure and the change in E/A ratio. Data are expressed

as means ± standard error of the mean (sem) or mean ± standard deviation (SD).

Paired t-test or Wilcoxon sign-rank test was used to test for changes of IMT after

treatment, as appropriate. Results are of the intention-to-treat type of analysis. Before

the start of the study, power calculations were performed. An IMT difference of 0.12

mm was detectable (using a SD of 0.251 mm, which we found in the REGRESS

study), with a power of 0.83 and an alpha of 0.05. Calculations were based on power

calculations by de Groot et al.  17 and Salonen et al 18. To determine whether relations

existed between left ventricular mass, maximum IMT, ambulatory blood pressures

and their changes after treatment, Spearman correlations were used. All statistical

tests were two-sided with a significance level of P < 0.05.
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RESULTS

Patients

In the population survey 5107 inhabitants between 25 and 60 years of age had their

blood pressure measured. After three serial blood pressure measurements a total of

228 persons without antihypertensive drug treatment had DBP ≥ 95 mmHg and 150

previously untreated persons had SBP ≥ 160 mmHg and were considered hypertensive.

They were offered to have their cholesterol levels checked and get their blood pressure

taken for a fourth time. Out of this remaining group, 131 patients gave written consent

and were treated with long acting nifedipine, and advised to take a cholesterol lowering

Simvastatin Placebo      P value

(n = 50) (n = 50)

Age (years) 52  ±  6 52  ±  7 0.71

Gender M/F 23/27 25/25 0.84

Body Mass Index (kg/m2) 28 ±  5 29 ±  4 0.53

SBP (mmHg) 143 ± 12 (172 ±  15) 145 ± 13 (173  ±  15) 0.68

DBP (mmHg) 88 ± 7 (100  ±  7) 88 ± 7 (100  ±  7) 0.60

Heart rate (beats per minute) 70 ± 11 68 ± 10 0.74

Smokers (%) 46 44 0.97

Total cholesterol (mmol/l) 6.4 ± 0.8 6.3 ± 0.8 0.80

HDL - cholesterol (mmol/l) 1.3 ± 0.3 1.3 ± 0.4 0.53

LDL - cholesterol (mmol/l) 4.2 ± 0.8 4.3 ± 0.7 0.36

Triglycerides (mmol/l) 1.7 ± 0.9 1.6 ± 0.8 0.65

Glucose (mmol/l) 4.7 ± 0.6 4.7 ± 0.5 0.92

Creatinine (µmol/l) 82 ± 17 83 ± 12 0.80

Plaques (%) 56 54 0.57

Values are mean ± SD. DBP, diastolic blood pressure; SBP, systolic blood pressure; M,

male; F, female; n = number; HDL, high density liprotein; LDL, low density

lipoprotein.

Table 1 Baseline characteristics of 100 randomized patients
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diet. After 26 weeks of treatment, 116 patients were still on nifedipine treatment

whereas 15 patients dropped out, mostly due to adverse events. From these 116 patients

100 met the inclusion criteria and were randomized to simvastatin versus placebo.

The population characteristics at baseline are summarized in Table 1.

Effect of treatment on blood pressure, heart rate and metabolic variables

At baseline, 32 patients were treated with nifedipine 30 mg and 68 patients were

treated with nifedipine 60 mg, equally divided over both groups. There was no

difference between simvastatin compared to placebo beside nifedipine treatment on

24 hour ambulant systolic and diastolic blood pressure, as seen in table 2. Lipid

profiles however, were significantly lowered in the simvastatin group compared to

placebo. After two years of treatment total cholesterol was 4.6 mmol/l (SD 0.9) in

n Mean SE Median P-value

24-hours ambulatory systolic blood pressure (SBP) in  mmHg

Simvastatin

  Randomisation 50 126.7 1.4 127.2

  End of trial 46 131.2 1.4 129.3

Placebo

  Randomisation 50 126.0 1.4 126.2

  End of trial 44 130.7 1.4  130.5 0.9429

24-hours ambulatory diastolic blood pressure (DBP) in mmHg

Simvastatin

  Randomisation 50 80.0 1.0 80.0

  End of trial 46 81.0 1.2 81.1

Placebo

  Randomisation 50 79.5 1.1 78.6

  End of trial 44 79.6 1.0 79.2 0.6710

P-value, change in diastolic and systolic blood pressure simvastatin versus placebo

Table 2 Blood pressure values at baseline and at the end of study
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n Mean SE Median P-value

Left ventricular mass index in g/m2

Simvastatin

  Randomisation 50 91.7 2.6 90.1

  End of trial 47 73.9 1.8 74.8

Placebo

  Randomisation 50 88.5 2.7 84.1

  End of trial 44 72.4 2.0 71.3 0.0548

Diastolic function

Simvastatin

  Randomisation 50 1.05 0.03 0.99

  End of trial 46 1.09 0.02 1.12

Placebo

  Randomisation 49 1.04 0.04 0.98

  End of trial 40 1.16 0.05 1.14 0.4943

P-value, change in left ventricular mass index and diastolic function simvastatin versus

placebo

the simvastatin group (change 1.76 ± SD 0.88), compared to 6.4 mmol/l (SD 0.9) in

the placebo group (change –0.04 ± SD 0.80), with P < 0.0001.

Effect of treatment on left ventricular mass index and diastolic function

The mean left ventricular mass index at the start of open label nifedipine treatment

was 97.8 g/m2 (sem ± 1.9) and reduced to 91.7 g/m2 (sem ± 1.9) after 26 weeks of

treatment in the simvastatin group and 88.5 g/m2 in the placebo group. The change of

left ventricular mass index after 2 years of simvastatin and nifedipine treatment was

–19.0 g/m2 (sem ± 1.74), compared to –14.3 g/m2 (sem ±1.69) in the placebo and

nifedipine group. There was a borderline significant difference between both groups,

in favor of the simvastatin and nifedipine group with P =0.0548. The mean E/A ratio

at the start of open label nifedipine treatment was 1.04 (sem ± 0.02) and did not

Table 3 Left ventricular mass index and diastolic function
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significantly change after 26 weeks of treatment (change of 0.028 with 95% CI (-

0.006;0.061) with P =0.11. At randomization the mean E/A ratio was 1.05 (sem ±
0.03) in the simvastatin group, and changed to 1.09 (sem ± 0.02) after 2 years (change

of 0.06 sem ± 0.03). In the placebo group, mean E/A ratio at baseline was 1.04 (sem

± 0.04) and changed to 1.16 (sem ± 0.05) after 2 years of treatment (change 0.09 sem

± 0.03). Changes of E/A ratio did not differ between both groups (p-value of 0.49).

Effect of treatment on intima media thickness

The change of mean max far wall IMT in the simvastatin group was not significantly

different compared to placebo, as seen in table 4. Also, the combined mean far wall

IMT in both groups did not change after treatment either. The mean mean far wall

IMT at baseline was 0.74 mm (sem 0.02) and increased to 0.80 (sem 0.02) after two

years in the simvastatin group. The mean mean far wall IMT at baseline was 0.77

(sem 0.02) and increased to 0.81 (sem 0.02) in the placebo group. The change of

mean mean far wall IMT at the end of the study was 0.06 (sem 0.02) in the simvastatin

group was not statistically different compared to 0.03 (sem 0.02) in the placebo group,

with P =0.22.  When arterial segments were analysed separately, the effects of

simvastatin versus placebo on IMT were similar.

Change in mean maximum IMT was not correlated with change in left ventricular

mass (r = 0.02 with P = 0.87), nor with changes in ambulatory systolic and diastolic

N Mean SE Median P-value

Simvastatin

  Randomisation 50 0.93 0.02 0.90

  End 46 1.00 0.03 0.96

Placebo

  Randomisation 50 0.96 0.03 0.91

  End 45 1.01 0.03 0.93 0.2214

P-value, change in mean max far wall IMT simvastatin versus placebo

Table 4 Combined maximum far wall intima media thickness of carotid andfemoral

segments (mm)
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blood pressures (r = 0.05 with P = 0.62 and r = 0.009 with P = 0.92, respectively).

Reproducibility

Ten, randomly chosen patients were reexamined, in order to reveal the measurement

of variation. The measurement error of variation of the mean max far wall IMT at

baseline was 0.07 mm. After 26 weeks of treatment a second reproducibility study

with the same ten patients revealed a measurement error of variation of 0.04 mm.

DISCUSSION

Addition of simvastatin after 26 weeks of nifedipine treatment in patients with

hypertension and persisting mild moderate hypercholesterolemia led to an

unexpectedly larger decrease of left ventricular mass. No effect on intima media

thickness was found. It must be kept in mind that the 26 weeks open label treatment

with nifedipine alone had already reduced left ventricular mass and intima media

thickness with 9%. Thus, the greatest remodeling of cardiovascular structure had

already taken place. Subsequently, addition of simvastatin to nifedipine treatment

had minimal effects on 24 hour ambulatory blood pressure and intima media thickness.

A study by Su et al. supports our finding, by showing that pravastatin had an additional

effect on reducing LV mass, independent of lipid-lowering effects19. The mechanisms

of left ventricular mass reduction by simvastatin might induce LV mass reversal

remain unclear. Hyperlipidemia has been reported to increase the collagen synthesis

and deposition in the blood vessel wall20;21, which could be partially responsible for

a decrease in arterial compliance and an increase in resistance to blood flow resulting

in an increased left ventricular afterload. Hyperlipidemia can stimulate the increased

angiotensin II receptor expression22,23, which in turn stimulates myocyte growth.

Mechanical factors provide signals for hypertrophy as well as growth of myocardial

cells24. Structural and functional changes in peripheral arteries may further increase

LV mass. Simvastatin has been shown to improve endothelial function, and might

therefore lower the afterload of the left ventricle, resulting in a regression of left

ventricular mass. In rabbits with hypertrophic cardiomyopathy, simvastatin induced

regression of hypertrophy and fibrosis and improved cardiac function25. Usually, the

regression of left ventricular mass is associated with improvement of diastolic

function. In our study, no improvement of E/A ratio was observed after treatment.

This might be explained by the fact that E/A ratio was already in the normal range at

baseline.
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The significant reduction of LVMI after 26 weeks of nifedipine treatment, continued

after 2 years of treatment in the simvastatin and in the placebo group. This further

reduction of left ventricular mass was remarkable, because ambulatory systolic blood

pressure slightly increased and diastolic function stabilized. The continued decrease

of LVMI after two years of treatment could be the result of a better compliance of the

large arteries, maybe caused by nifedipine. It has been known that nifedipine improves

endothelial function in patients with hypertension and hypercholesterolemia26.

Although such functional properties of the arteries are assumed, structural changes

in terms of intima media thickness could not be observed in our study. In fact, not a

regression but a similar progression of intima media thickness was observed after

two years in the simvastatin (0.08 +/- 0.02) compared to the placebo group (0.04 +/

-0.02). This might well reflect the aging process, as in placebo arms of controlled

studies intima media thickness has been reported to increase by 0.006 to 0.03 mm

per year5; 6. In the active treatment arm of statin studies, the 1 year change in intima

media thickness of the common carotid artery has been valued in the range between

–0.011 to –0.043 mm27. Thus, the change in intima media thickness in our simvastatin

group is quite remarkable as cholesterol levels were significantly lowered by

simvastatin compared to placebo treatment. On the other hand, functional changes

like the antiproliferative effects of statins on resistance vessels may have improved

arterial compliance. We did not measure functional vascular measurements, but it

has been known that statin treatment is associated with a restoration of endothelial

function28 and improvement in myocardial perfusion29. These cardiovascular benefits

could reduce cardiac afterload and improve systolic function, resulting in regression

of left ventricular mass.

The effect of calcium channel blockers as a preventive therapy of the atherosclerotic

process was evaluated in the INTACT study11, using nifedipine, in the Montreal study30

using nicardipine, and in the PREVENT study31-33 using amlodipine. All these studies

used consecutive coronary angiography. Although the former 2 studies demonstrated

a modest benefit in preventing the progression of new lesions only, the latter revealed

no effect whatsoever. By tracking plaque progression with angiography, a significant

amount of information is lost because only the protruding portion of the plaque is

demonstrated, which could be an important reason why minor or no changes were

found in those studies. In PREVENT study, in which intimal medial thickness of the

carotid artery was measured directly by using ultrasound, the calcium channel blocker

amlodipine was found to inhibit intimal medial progression in type 2 diabetes.

Recently, the INSIGHT study showed a difference in early carotid wall changes using

ultrasound in favor of nifedipine compared to co-amilorizide after 4 years of treatment

in hypertensive patients13 .
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We did not measure diameter changes. These diameter changes may influence wall

thickness and they occur early after start of antihypertensive therapy, when blood

pressure is lowered. They remain relatively stable without progression as the IMT

changes. The fact that similar trends over two years were observed in the IMT for

simvastatin and placebo in our study makes it unlikely that carotid diameter changes

have obscured differences between both agents on IMT.

Whether the decrease in IMT after 26 weeks of open label nifedipine treatment before

randomization to simvastatin or placebo is due to functional vasodilatation rather

than structural changes remains unclear. Ultrasound imaging cannot discriminate

between the intimal layer and the medial layer of the vessel wall to distinguish true

atherosclerosis viewed as a disorder restricted to the intimal layer versus the adaptive

response of the medial layer to changes in tensile stress such as during hypertension34.

Our findings of the effects of simvastatin compared to placebo treatment on intima

media thickness in these patients suggest that the medial layer had been regressed by

nifedipine treatment. Furthermore, the medical effect on the intimal layer, as in

atherosclerosis, seems limited. These findings support the view that in combined

hypertension and mild hypercholesterolemia tensile stress is a major factor in

determining the intima media thickness, as assessed by B-mode ultrasound.

In conclusion, a significant reduction of left ventricular mass and intima media

thickness was observed after nifedipine alone, but the subsequent addition of

simvastatin resulted in further reduction of left ventricular mass index. Thus,

assessment of left ventricular mass in statin studies seems warranted in at least specific

patient groups, and may even reveal larger structural changes than those of large

blood vessels. Whether this effect of statins on left ventricular structure is associated

with reductions in cardiovascular morbidity and mortality in such subgroups remains

to be established.
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SUMMARY

With B-mode ultrasound measurements of the intima-media thickness (IMT) of the carotid

arterial wall (asymptomatic) atherosclerosis can be detected. In this article several studies

are reviewed in which IMT was used as a surrogate endpoint to assess effects of lipid-

lowering or antihypertensive drugs on peripheral atherosclerosis, and the clinical

implications are discussed. After one year of treatment with lipid-lowering drugs an

improvement of the blood lipid profile and retarded progression of the carotid IMT was

seen. No incontrovertible evidence can be provided for a correlation between induced

changes in the carotid and coronary arteries. Carotid IMT appears to be of prognostic

value for cardiovascular events. The range of treatment-induced changes in IMT do not

support the use of IMT in an individual patient to monitor treatment effects. However,

with increased IMT as independent cardiovascular risk factor, IMT measurements are

valuable in risk assessment in the individial patient in clinical practice. Looking forward

to some ongoing studies, there is so far insufficient evidence that treating hypertension

also inhibits progression of the IMT.

INTRODUCTION

Recently, several studies have demonstrated the beneficial effects of lipid-lowering drugs

on atherosclerotic alterations in coronary arteries and on cardiovascular morbidity and

mortality 1. In some studies B-mode ultrasound measurements of the intima-media

thickness (IMT) of the carotid arterial wall demonstrated favourable effects of lipid-

lowering treatment 2-9. Principles, technique, limitations and properties of IMT

measurements have been reviewed previously in this Journal 10. Briefly, high resolution

B-mode ultrasound can be used for the detection of both atherosclerotic plaques and wall

thickness of superficial arteries like the carotid and femoral artery. IMT is a good marker

of early atherosclerotic changes and it is found to be increased in groups of patients with

several (combinations of) cardiovascular risk factors 11. Furthermore, carotid IMT has

proved to be an independent risk factor for myocardial infarction and stroke, as shown

recently 12.

The non-invasiveness, reproducibility and accuracy of the procedure makes it an

appropriate research tool to evaluate the structural effects of different therapies on the

vascular wall. The objective of this literature study was, to determine when the beneficial

effects of therapy on carotid IMT become evident and how these effects are related to

changes in coronary angiographic findings and cardiovascular events. In this article we

therefore review studies in which measurement of IMT was used to evaluate especially

the effects of lipid-lowering or antihypertensive drugs on atherosclerosis.



135

Carotid intima-media thickness

METHODS

Studies reviewed in this article were obtained after a search in WinSPIRS 2.0 (SilverPlatter

International N.V.), Medline 1985 up to 1998 including, using key-words related to

atherosclerosis, carotid artery, ultrasound, blood lipids, hypertension and drug therapy.

Likewise, the references of the publications on these trials or editorials were checked for

complementary studies. We included placebo-controlled trials in which the effects of

lipid-lowering and/or antihypertensive drugs on carotid IMT were studied, both as primary

or secondary endpoints. Studies were consecutively numbered to year of publication.

Excluded were studies in which only quantitative carotid stenosis was used in stead of

IMT, studies with merely patients with diabetes mellitus and studies describing treatment

with diet and/or antioxidants without lipid-lowering or antihypertensive drugs. To compare

the treatment effects of the reviewed studies, in each study the rate of change in IMT (in

mm/year) of the common carotid artery (CCA) was calculated by dividing the change in

IMT at the end of the study period (in mm) by the study duration (in years). Since the

CCA was the only carotid segment available in all study results, we selected this segment

(see also below).

INTIMA-MEDIA THICKNESS IN LIPID-LOWERING REGRESSION STUDIES

Study and patient characteristics

Placebo-controlled studies in which the effect of lipid-lowering drugs on IMT of the

carotid arteries was evaluated, are summarized in table 1. Unfortunately, no consensus

exists which IMT parameter should be used: among those studied in varying segments of

the carotid artery, most frequent is the mean maximum IMT (mean max) which was

defined as the mean of 12 maximum IMT measurements of the near and far wall of the

common and internal carotid artery and the carotid bifurcation in both sides. Changes in

IMT measurements were primary or secondary study endpoints. The Cholesterol Lowering

Atherosclerosis Study (CLAS) 2 was the first study using IMT as secondary endpoint for

carotid and femoral artery atherosclerosis in a subgroup of patients. The Asymptomatic

Carotid Artery Progression Study (ACAPS) 3 was performed to test whether lovastatin

and/or warfarin in combination with aspirin retarded the progression of early carotid

atherosclerosis. From all the randomized subjects we limited the analysis to the patients

randomized to either lovastatin or placebo. The Pravastatin, Lipids, and Atherosclerosis

in the Carotid Arteries (PLAC-II)4,13, the Kuopio Atherosclerosis Prevention Study

(KAPS)5, and the Carotid Atherosclerosis Italian Ultrasound Study (CAIUS) 7 evaluated

the influence of pravastatin on IMT as the primary measure of effect on atherosclerosis of

the carotid arteries. The KAPS participants were recruited from an observational study,
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the Kuopio Ischaemic Heart Disease Risk Factor Study (KIHD) 14. In the Monitored

Atherosclerosis Regression Study (MARS) 6 and the Regression Growth Evaluation Statin

Study (REGRESS) 9 primary study end points were treatment induced changes in

quantitative coronary angiography (QCA) variables, with additional IMT measurements

in a subgroup of patients. Finally, the Long-term Intervention with Pravastatin in Ischemic

Disease (LIPID) trial investigated the effects of lipid-lowering therapy on risk of death

from coronary heart disease at (below) average cholesterol levels 15 and assessed changes

in carotid IMT in the LIPID Atherosclerosis Substudy 8. Included participants in the IMT

substudies varied from asymptomatic healthy persons (like in KAPS, although 8% of

patients did have prior myocardial infarction) to patients with a history of coronary artery

bypass grafting. Although inclusion ranges for lipid-profiles were different, baseline mean

total cholesterol and low-density lipoprotein cholesterol (LDL-C) varied from 6.0 to 6.76

mmol/l and from 4.0 to 4.9 mmol/l, respectively. Study durations varied from 2 to 4 years

with prolongation of the investigation in 74 participants to 4 years in the MARS. Except

in the CLAS, varying dose of a HMG-CoA reductase inhibitor was used as lipid-lowering

drug. Only the ACAPS and the CAIUS had an equal sex distribution. The other studies

had a male preponderance. Age did not count as an inclusion criterium, mean ages varied

from 54 to 63 years. Presented blood pressures suggest normotensive patients or well

controlled hypertension, while few studies mention a history of hypertension in 25 to 33

%. In the REGRESS, patients in the placebo group had more often hypertension, although

this difference was not statistically significant. Merely the CLAS had no current smokers.

RESULTS

Lipid profile. As expected, the lipid profile was altered by lipid-lowering drugs. Except

triglycerides in the CAIUS and high-density lipoprotein cholesterol (HDL-C) in the PLAC-

II study and the KAPS, all changes in lipid profile were statistically significant and varied

for total cholesterol between -15% and -32%, for LDL-C between -22% and -45%, for

HDL-C between +3% and +38% and for triglycerides between -8% and -29%. Besides

changes in lipid profile, the MARS showed a positive correlation between intermediate-

density lipoprotein and IMT progression rate 16.

IMT. Table 2 presents baseline values and changes in IMT of the common carotid artery

(CCA) in patients with lipid-lowering treatment compared to placebo of the aforementioned

studies. The IMT of the CCA was the overlapping parameter in the IMT substudies,

although in the ACAPS only progression rate was available of the mean max IMT and

not of the CCA separately. Although the IMT of the CCA and the mean max IMT are

supposed to be the most reliable IMT parameters, more atherosclerotic changes are found

in the internal carotid artery 17,18. In the PLAC-II study the progression rate in the CCA
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was the only statistically significant difference between pravastatin and placebo. In the

KAPS, the IMT progression rate was greater in patients in the placebo group with higher

baseline IMT. The lovastatin treated group in the MARS had a significantly higher baseline

IMT with a progression rate which was negatively correlated with the baseline IMT, in

contrast to the placebo group. So, a greater decrease in IMT was found in lovastatin

treated patients with high baseline (above the mean) IMT levels. In the LIPID study, after

Study CLAS# ACAPS PLAC-II KAPS MARS# CAIUS LIPID# REGRESS#

Study Design

Inclusion

CABG asymp CAD asymp CAD IMT>1.3 and CAD CAD

IMT≥1.5 IMT≥1.3 IMT<3.5

Duration (years)

4 3 3 3 2 and 4 3 4 2

Drug

colestipol/ lova prava prava lova prava prava prava

niacin

LDL-C (mmol/l)

- 3.36-4.89 3.78-4.97 >4.0 - 3.88-6.47 - -

Cholesterol (mmol/l)

- - - <7.5 4.92-7.64 - 4.0-7.0 4.0-8.0

(Average) Dose (mg)

30.1 g/4.2 g 26 34 40 80 40 40 40

Patients

Number

39/39 231/230 75/76 447 188 151/154 273/249 131/124

(drug/placebo)

Male Sex (%)

100 52 85 100 92 53 88 100

Mean Age (years)

54 62 63 57 58 55 61 56

Blood pressure (mmHg)

124/81 131/77 130/78 136/86 123/80 134/81 - 135/81

Current Smoking (%)

0 12 12 26 16 24 - 33

Mean baseline parameters

Cholesterol (mmol/l)

6.3 6.1 6.08 6.7 6.00 6.76 5.7 6.15

LDL-C (mmol/l)

4.3 4.0 4.29 4.9 4.06 4.69 4.0 4.35

*CLAS: Cholesterol Lowering Atherosclerosis Study 
2
; ACAPS: Asymptomatic Carotid Artery Progression Study 

3
;

PLAC-II: Pravastatin, Lipids, and Atherosclerosis in the Carotid Arteries 
4,13

; KAPS: Kuopio Atherosclerosis Prevention

Study 
5
; MARS: Monitored Atherosclerosis Regression Study 

6
; CAIUS: Carotid Atherosclerosis Italian Ultrasound

Study 
7
; LIPID: Long-term Intervention with Pravastatin in Ischaemic Disease 

8
; REGRESS: Regression Growth

Evaluation Statin Study 
9
; CABG: coronary artery bypass graft; Asymp: asymptomatic; IMT: intima-media thickness,

expressed in mm; CAD: coronary artery disease; LDL-C: low-density lipoprotein cholesterol;# IMT as secondary

endpoint; lova: lovastatin; prava: pravastatin;

Table 1. Placebo-controlled studies of the effect of lipid-lowering treatment on
carotid intima-media thickness*.
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classifying participants by tertiles of cholesterol or IMT at baseline, no differences were

found of the treatment effect on IMT. The REGRESS found a significant treatment

difference in IMT change of all combined measured segments during the trial of all arterial

wall segments, with the largest treatment effect in the common femoral artery far wall.

Sex. In the CAIUS, IMT progression was increased in men in the control group.

Smoking. The KAPS found different progression rates for smokers and non-smokers.

IMT progression rate was greater in smokers of the placebo group than in smokers of the

pravastatin group versus non-smokers in these groups. Furthermore, the treatment effect

of lipid-lowering drugs was greater in smokers than in non-smokers. On the contrary, the

MARS and LIPID study found no significantly different progression rates between smokers

and non-smokers within each treatment group.

ONSET AND DURATION OF THERAPEUTIC BENEFIT

Although the CLAS 19, the MARS and CAIUS found no significant difference after 6

months of treatment, all mentioned the first significant reduction in IMT and difference

in IMT between treatment and placebo group after 1 year of treatment. In the MARS, the

reduction of IMT with lipid-lowering drugs compared to placebo persisted for the remaining

years afterwards with a slightly decreased regression rate after 2 years. This flattening in

IMT regression rate after 3 years was also observed in the CLAS, as contrasted with the

LIPID study. In table 2, IMT progression rates of the CCA have been expressed in mm/

year to make it possible to compare studies with different years of follow-up. However,

some changes in IMT are only given at the end of the study. So, if the findings of the

MARS and CLAS are indeed representative, by recalculating IMT progression/regression

rates differences caused by treatment effect may be underestimated during the first years

of the studies and overestimated in the later years.

INTIMA-MEDIA THICKNESS AND CORONARY ANGIOGRAPHY

As stated in the introduction part, the favourable effect of lipid-lowering therapy on

coronary atherosclerosis is well known 1. Although the relationship between carotid and

coronary artery disease is strong 20, it still is a matter of debate if a change in coronary

atherosclerosis may be associated with a comparable change in peripheral atherosclerosis.

A fundamental problem is the difference in measurement techniques for the different

sides of atherosclerosis. QCA images the lumen of the coronary arteries and not the wall,

in contrast to the IMT measurements of the carotid arteries. In 3 studies, CLAS, MARS

and REGRESS, IMT measurements and QCA were done concurrently to evaluate the

effect of lipid-lowering therapy. In the CLAS, at baseline the IMT was significantly
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Study Baseline Lipid-lowering Placebo Treatment P-value

SD treatment SD SD effect#

CLAS 0.63 0.019 -0.0125 0.0032 0.0125 0.0032 -0.025 <0.0001

ACAPS 1.14 0.0063 -0.009 0.003 0.006 0.003 -0.015 0.001

PLAC-II 1.01 0.0162 0.0055 0.0342 0.0055 -0.018 0.02

KAPS 1.35 0.0096 0.0043 0.0285 0.0043 -0.0189 0.0019

MARS 0.717 0.014 -0.028 0.003 0.015 0.005 -0.043 <0.001

CAIUS 0.88 0.010 -0.0032 0.0027 0.0077 0.0027 -0.0109 0.0047

LIPID 0.79 -0.0035 0.0007 0.012 0.0006 -0.0155 <0.001

REGRESS 0.82 0.0013 -0.0125 0.00175 -0.0175 0.0018 +0.005 n.s.

Study acronyms see table 1.; change is defined as decrease (negative value) or increase (positive value)

in IMT, given in mm/year; # treatment effect: mathematical difference in IMT changes between both

groups; n.s.: not significant;

correlated with the average coronary stenosis (r=0.34, p<0.05) but after 4 years of treatment

this correlation disappeared. Although coronary angiographic and IMT measurements

were made in all patients in the MARS, no significant correlations were found between

(changes) in IMT and QCA-measurements. However, in their discussion, the authors

stated that progression and treatment response are comparable in carotid and coronary

atherosclerosis. In the REGRESS, the baseline correlations between mean IMT of the

carotid and femoral arteries with QCA findings of mean percent stenosis varied from

0.23 to 0.36. Baseline maximal IMT was significantly correlated with baseline coronary

segment and obstruction diameter (r=-0.32 and r=-0.27, respectively). No significant

correlations were found between change in IMT and any of the parameters of change in

coronary diameter. In conclusion, there is no incontrovertible evidence for a correlation

between induced changes in carotid and coronary arteries.

Table 2. Changes of intima-media thickness (±SEM) of the common carotid artery
in studies with lipid-lowering treatment versus placebo*.
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INTIMA-MEDIA THICKNESS AND CARDIOVASCULAR EVENTS

As opposed to many publications concerning the relationship between IMT and

cardiovascular risk factors, studies regarding the prospective relationship with

cardiovascular disease are scarce. The Kuopio Ischemic Heart Disease Risk Factor Study

(KIHD) 14, the Rotterdam Study 21, the Atherosclerosis Risk in Communities Study

(ARIC)22 and the Cardiovascular Health Study Collaborative Research Group 12 have

shown associated increased incidences of peripheral arterial disease, stroke and myocardial

infarction with higher IMT levels at baseline. Furthermore, in the last mentioned study

the IMT appeared to be an independent risk factor for cardiovascular events.

As for prognostic value, the important question remains if therapy induced IMT regression

is attended by a decrease in cardiovascular morbidity and mortality. A follow-up study of

the CLAS 23 is the only study demonstrating a prospective relation between IMT

progression rate and coronary events. The relative risk was 2.2 for myocardial infarction

or coronary death, and 3.1 for any coronary event per IMT progression rate of 0.03mm/

year (p<0.001). In the ACAPS a significantly lower incidence of major cardiovascular

events and deaths was found in the lovastatin treated group. As stated in their discussion

the power of this study and the duration of treatment were inadequate to correlate the

changes in IMT and cardiovascular events. In the PLAC-II study a tendency was found

for a lower number of clinical coronary events in the pravastatin treated patients (60%

reduction, p=0.09) with a significant reduction of any coronary event and any death

(p=0.04). Despite significantly fewer nonscheduled percutaneous transluminal coronary

angioplasty-procedures and a smaller number of patients without clinical events in the

pravastatin treated group, no correlation could be made between IMT and clinical

cardiovascular events. In the KAPS the decrease in cardiovascular events in the pravastatin

treated patients was not significant and not related to changes in IMT. The CAIUS found

no significant difference in occurence of cardiovascular events. The LIPID study was

part of the LIPID Study Group in which the effects were determined of pravastatin induced

cholesterol lowering on mortality from coronary heart disease. Unfortunately, no relations

were made or reported between changes in IMT and cardiovascular events. In the

REGRESS after 2 years of treatment, the clinical event-free survival, including non-

cardiac events, was greater in pravastatin treated patients compared to placebo group

(90% and 80%, respectively, p=0.02). No comments were made about a possible

relationship between changes in IMT and clinical events.

INTIMA-MEDIA THICKNESS AND ANTIHYPERTENSIVE TREATMENT

Little is known about the effects of antihypertensive treatment on IMT. So far, few studies
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are completed in which the effect of single antihypertensive treatment and the combination

with lipid-lowering drugs on IMT was evaluated. In the Multicenter Isradipine Diuretic

Atherosclerosis Study (MIDAS) 24, 883 patients with mild-to-moderate hypertension

(diastolic blood pressure 90-115 mmHg) and an inclusion IMT of 1.3-3.5mm were treated

for 3 years with isradipine or hydrochlorothiazide. After 6 months, the average IMT was

significantly lower in the isradipine treated group compared to hydrochlorothiazide, while

the progression rate of the mean max IMT of 0.03 mm/year was similar for both treatment

groups. On the contrary, in the isradipine group, the incidence of major and nonmajor

cardiovascular events was increased compared to the hydrochlorothiazide group. In the

Verapamil Hypertension Atherosclerosis Study (VHAS) ultrasound substudy 25, the effects

of 4 years treatment with verapamil compared with chlorthalidone, was investigated in

498 hypertensive patients. The IMT progression rate was significantly lower in the

verapamil compared to the chlorthalidone group (-0.082 and -0.037 mm/year, respectively),

Study Antihypertensive drugs Lipid-lowering drugs Study duration

Antihypertensive treatment

ELSA lacidipine vs atenolol 4 years

PROTECT perindopril vs hydrochlorothiazide 2 years

ELVERA amlodipine vs lisinopril 2 years

Multifactorial design

PHYLLIS fosinopril vs hydro  pravastatin vs lipid 3 years

chlorothiazide lowering diet

SECURE ramipril vs placebo vitamin E vs placebo 4 years

ADORZO nifedipine (open label) simvastatin vs placebo 2 years

ELSA: European Lacidipine Study of Atherosclerosis 27; PROTECT: Perindopril
Regression of Vascular Thickening European Community Trial 28; ELVERA:
Effects of amlodipine and lisinopril in Left VEntriculaR mAss and intima-media
thickness; PHYLLIS: Plaque Hypertension Lipid Lowering Italian Study 27;
SECURE: Study to Evaluate Carotid Ultrasound changes in patients treated with
Ramipril and vitamin E 29; ADORZO: ADalat ORos versus ZOcor/placebo; vs:
versus;

Table 3. Some ongoing trials in which the effect of single antihypertensive drugs
or the combination with lipid-lowering drugs on carotid IMT is studied.
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when this was related to the initial value. Moreover, less cardiovascular events were

observed in the verapamil compared to the chlorthalidone treated group. In a Swedish

study 26, the effects of multifactorial risk factor intervention compared to placebo on IMT

progression was evaluated in 149 men. The multifactorial risk factor intervention consisted

of stopping smoking, and lipid and blood pressure lowering. Lipid-lowering drugs consisted

of simvastatin, cholestyramine and/or gemfibrozil, and antihypertensive drugs consisted

of beta-blockers, angiotensin-converting enzyme inhibitors, calcium-channel blockers

and/or diuretics. After 2 years, no significant difference was found in IMT progression

rates between the intervention and control group.

In table 3, some ongoing trials are mentioned, in which the effect of antihypertensive

treatment on IMT progression is studied.

CLINICAL IMPLICATIONS

The aforementioned studies demonstrate a beneficial effect of lowering blood lipids and

perhaps of blood pressure on IMT. The CLAS has shown a relation between IMT

progression rate and the occurence of clinical coronary events. No evidence was found

for changes in IMT as a marker for alterations of atherosclerosis in coronary arteries. The

low cost and non-invasiveness of the IMT measurements make it an appropriate clinical

research tool, especially in studies with moderately large numbers of participants, for

instance 100 participants in a two-arm trial 2. However, this does not extend to its clinical

use in monitoring treatment effects in individual patients. Presented IMT regression or

progression rates are group means with considerable interindividual variation, as was the

same for several correlations. Alterations in IMT must also be related to the normal increase

in IMT due to ageing 30. Supported by nomograms, the annual increase in IMT for women

and men are for the carotid bifurcation 0.015 and 0.018 mm, for the internal carotid artery

0.010 and 0.014 mm, and the CCA 0.010 and 0.010 mm, respectively. Therefore, IMT

measurements can excellently be used as parameter and even independent risk factor 12

for cardiovascular disease, but up to the present there is insufficient evidence that changes

in IMT can act as marker for changes in generalized atherosclerosis in the individual

patient.

CONCLUSIONS

IMT measurement is a non-invasive diagnostic tool to detect (asymptomatic)

atherosclerosis of superficial arteries. Studies in which patients were treated with lipid-

lowering drugs showed the expected improvement of the blood lipid profile to be associated

with regression of the IMT of the carotid artery. The beneficial therapeutic effect became
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evident after one year of treatment. No incontrovertible evidence could be provided for a

correlation between induced changes in carotid IMT and changes in coronary arteries,

and only one study found a relationship between IMT progression rate and the appearance

of cardiovascular events. This, and the range of treatment-induced changes in IMT, do

not support the use of IMT in an individual patient to monitor treatment effects. However,

with increased IMT as independent cardiovascular risk factor, IMT measurements are

valuable in risk assessment in the individial patient in clinical practice. Looking forward

to some ongoing studies, there is so far insufficient evidence that treating hypertension

also inhibits progression of the IMT.
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ABSTRACT

Plasma concentrations of atrial natriuretic peptide (ANP) and brain natriuretic peptide

(BNP) are increased in patients with heart failure. Whether these peptides provide

early information about cardiac end organ damage in elderly hypertensive patients is

mainly unknown. To determine the relationship between natriuretic peptides and

cardiac end organ damage we measured plasma ANP and BNP levels in 178 never

treated, elderly hypertensives (4x systolic blood pressure ≥ 160 mmHg and / or

diastolic blood pressure ≥ 95 mmHg from a population survey) above the age of 60

years and without clinically manifest heart failure. Plasma ANP and BNP were

measured with specific radioimmunoassays and cardiac end organ damage was

assessed by echocardiographically determined left ventricular mass index (LVMI)

and diastolic function. Both ANP and BNP were positively correlated with LVMI (r

=  0.191; p < 0.05 and r = 0.182; p < 0.05, respectively). Apart from age and gender,

LVMI was identified by multivariate regression analysis as an independent

determinant for ANP. For BNP, besides age, gender and LVMI, the diastolic function

parameters Early to Atrial velocity ratio of transmitral flow (E/A) and IsoVolumetric

Relaxation Time were identified as independent determinants. These results show

that plasma ANP and BNP are related to LV mass enlargement in elderly hypertensive

patients. Furthermore, BNP secretion is also related with diastolic dysfunction before

left ventricular dysfunction is clinically manifest. Thus, early structural and

pathofysiological changes in cardiac end organ damage are related to ANP, but in

particular BNP in elderly hypertensive patients.

INTRODUCTION

Early identification of symptomless hypertensive patients with structural cardiac end

organ damage has prognostic value1 and may help in decision making of

pharmacological intervention. Cardiovascular risk is increased in hypertensive patients

with left ventricular hypertrophy (LVH) and, to a lesser extent, in those with early

structural left ventricular changes like concentric remodeling1-3. Echocardiography

is useful in demonstrating cardiac end organ damage but is costly and difficult to

apply on a large scale. Furthermore, the use of echocardiography in patients with

obesity or pulmonary disease is limited. Therefore, more simple markers are needed

to identify cardiac end organ damage in hypertensive patients.

The value of natriuretic peptides as possible markers for left ventricular dysfunction

in primary care patients seems promising 4, 5. Atrial natriuretic peptide (ANP) and
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brain natriuretic peptide (BNP) are cardiac hormones with diuretic, natriuretic and

vasodilator actions 6-8 and are increased in heart failure 9,10. Both natriuretic peptides

are secreted in response to stretch of cardiac tissue. ANP will increase in response to

atrial stretch and BNP will increase in response to ventricular stretch, which both

will occur as a response to increased arterial pressure as seen in hypertension. Previous

reports have shown that mean plasma ANP and BNP levels in hypertensive patients

are higher than in normotensive subjects, although values did show overlap between

the two groups 8,11-15. Moreover, it has been suggested that measurements of ANP and

BNP might be useful for the detection of concentric left ventricular hypertrophy in

patients with essential hypertension 16. In elderly hypertensives, prone to develop

cardiac end organ damage, no direct comparison between both hormones is available.

The aim of our study was to establish the relationship of ANP and BNP to

echocardiographically determined cardiac end organ damage in previously untreated,

elderly primary care patients with essential hypertension.

METHODS

Patients

Elderly patients above the age of 60 years with untreated essential hypertension were

recruited from a population survey according to a previously described protocol17

performed by the Groningen Hypertension Service in two rural municipalities

(Winschoten and Scheemda) in The Netherlands. Blood pressure was measured in

sitting position after 5 minutes of rest using the right arm. Systolic and diastolic

blood pressure were recorded at Korotkoff phase I and V at the nearest 2 mmHg.

When a difference in blood pressure was found between both arms (>5/10 mmHg for

diastolic/systolic hypertension), the arm with the highest blood pressure was used

for further measurements. Blood pressure was measured four times at three separate

occasions during a 2 months period. Hypertension was defined as systolic pressure

greater than or equal to 160 mmHg, diastolic pressure greater than or equal to 95

mmHg, or both at all three occasions. A diagnosis of essential hypertension was

established by medical history, physical examination and simple laboratory tests. A

total of 178 previously untreated, hypertensive patients were enrolled in the present

study. Exclusion criteria for this study were: insulin dependent diabetes mellitus,

myocardial infarction, cerebrovascular accident, symptomatic congestive heart failure,

hemodynamically significant valvular heart disease, cardiac arrhythmia or a history

of severe atherosclerotic disease. All subjects had sinus rhythm. The study was

approved by the Medical Ethical Committee of the Groningen University Hospital,

and written informed consent was obtained.
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Echocardiography

All echocardiographic measurements were made on-line with an Acuson XP 128

echocardiograph (Acuson Corp., Mountain View, California, USA) by one single

experienced operator (W.F.T.). A 2.5-4.0 MHz transducer was used. Left ventricular

dimensions were measured in two dimensional mode according to the Penn convention

in the left lateral decubitus position in the third or fourth intercostal space.

Measurements of left ventricular septal and posterior wall thickness were obtained

from a standard parasternal long axis view. Mean values of three recordings were

used. To estimate the left ventricular mass the formula of Devereux and Reichek was

used: LVM (g) = 1.04 *[(left ventricular posterior wall + interventricular septum +

left ventricular end-diastolic diameter)3-left ventricular end-diastolic diameter3]-13.618.

Left ventricular mass was divided by body surface area to calculate left ventricular

mass index (LVMI). Relative Wall Thickness (RWT) was defined as: (left ventricular

posterior wall + interventricular septum) / left ventricular end-diastolic diameter.

Patients were classified in four groups of left ventricular geometry according to

echocardiographic findings. Hypertensives with normal left ventricular mass (LVMI

< 125 g/m2) and normal wall thickness (RWT < 0.45) were considered to have normal

geometry. Concentric remodeling was defined as normal ventricular mass (LVMI <

125 g/m2) and increased wall thickness (RWT ≥ 0.45), eccentric left ventricular

hypertrophy was defined as increased LVMI (≥ 125 g/m2) and normal wall thickness

(RWT < 0.45). Finally, hypertensives with increased left ventricular mass (LVMI≥
125 g/m2) and increased wall thickness (RWT ≥ 0.45) were considered to have

concentric left ventricular hypertrophy in accordance with the criteria of Koren et

al1.

In addition to the method of Koren et al, two extra calculations were performed for

geometric classification using different cutoff values for LVH using normal population

derived criteria while the cutoff value of RWT was kept constant (0.45). First, the

criteria from the Framingham Heart Study were applied: LVMI indexed for height

and sex-different cutoff values for LVH: 150 g/m for males, and 120 g/m for females19

and second  criteria  according to Muscholl et al. ( LVMI indexed for BSA and sex-

different cutoff values for LVH: 102 g/m2 for males, and 88 g/m2 for females)20.

Diastolic function was assessed with pulsed - Doppler echocardiography. The

sampling volume was placed between the tips of the mitral valve leaflets in standard

apical view and measurements were taken end-expiratory. Peak early (E) and atrial

(A) diastolic filling velocities and deceleration slope (E-DT) of the early peak filling

were measured. The isovolumetric relaxation time (IVRT) was measured in a standard

apical five chamber view with sampling volume placed above the anterior leaflet of

the mitral valve near the left ventricular outflow tract, obtaining simultaneously signals
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of left ventricular inflow and outflow. IVRT was defined as the time interval between

both flow signals. For all indices of diastolic function the mean value of three

measurements was used. The total area of the left atrium was estimated by the formula:

(0,5 * diameter of left atrium in parasternal view + 0,5 * diameter of left atrium in

apical view) * π21.

Assays for ANP and BNP

A 10 ml sample of venous blood was drawn from each patient after 5 min. of rest.

Blood was collected by venapuncture in a chilled 10 ml tube containing disodium

EDTA (1 mg/ml) as an anticoagulant and aprotinin (1000kIU) to prevent breakdown

of the natriuretic hormones. Samples were centrifuged within 10 minutes (4°C, 10

min., 3000 x g) and plasma was transported on dry ice to the University Hospital

Groningen and stored at -80°C. At the end of the study period, samples were

transported on dry ice to the Core Laboratory at the University Hospital Dijkzigt,

Rotterdam, The Netherlands, for analysis of natriuretic peptides. Plasma ANP and

BNP levels were measured with specific radioimmunoassays22 as previously

described23.

Statistics

The Kolmogorov-Smirnov test and the Shapiro-Wilk test were used to determine the

distribution in each group. Tests using plasma ANP and BNP were conducted on the

natural logarithms. To determine the relationship between the natriuretic peptides

and structural cardiac end-organ damage (LVMI) in all hypertensives and in the four

LV geometry groups univariate linear regression analysis was performed. Differences

between LV geometry groups were tested with one-way ANOVA and posthoc multiple

comparisons were adjusted to the Bonferroni test. In order to identify which variables

significantly predicted the concentration of ANP and BNP, multiple regression analysis

was implemented for relevant variables, such as age, gender,  blood pressure, heart

rate, duration of hypertension, body mass index and echocardiographic derived

parameters. Results are expressed as mean ± standard deviation with statistical

significance defined as P < 0.05.

RESULTS

Patients

Relevant clinical characteristics of the 178  hypertensives are given in Table 1. Almost

two-third (64%) of the hypertensive patients were newly found and about one-third

(36 %) of the patients had a history of hypertension but had never taken
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antihypertensive medication. Mean body mass index was 28 ± 4 g/m2 and LVMI 105

± 23 g/m2 with a mean RWT of 0.48 ± 0.05 and a mean left ventricular end diastolic

diameter of  45 ± 5 mm. The mean of diastolic function parameters early/atrial filling

ratio,  E wave deceleration time and isovolumetric relaxation time were 0.79 ± 0.23,

229 ± 44 ms and 106 ± 14 ms, respectively.

Left Ventricular Geometry

Table 2 shows natriuretic peptides, gender distribution and echocardiographic data

in four left ventricular geometry groups according to the LVH criteria of Koren et al.

There were no differences in age, blood pressure, heart rate, duration of hypertension

and body mass index between the four groups. The concentric remodeling group, the

largest group using these LVH criteria, had a significantly different gender distribution

consisting mainly of women compared to the other three groups with predominantly

Parameter Value

Age, years 67 (4)

Male,  % 53

Systolic blood pressure, mmHg 177 (14)

Diastolic blood pressure, mmHg 94 (8)

Heart rate, bpm 80 (11)

Hypertension

Newly found, number 114

Duration, years (n=64) 14 (12)

Atrial natriuretic peptide, pg/ml 165 (78)

Brain natriuretic peptide, pg/ml 35 (14)

Plasma sodium, mmol/l 142 (2)

Serum creatinine, µmol/l 86 (16)

Body mass index, g/m2 28 (4)

Echocardiography

Left ventricular mass index, g/m2 105 (23)

Relative wall thickness 0.48 (0.05)

End diastolic diameter, mm 45 (5)

Early filling/atrial filling ratio 0.79 (0.23)

E wave deceleration time, ms 229 (44)

Isovolumetric relaxation time, ms 106 (14)

Left atrium area, cm2 17 (4)

% Male and newly found hypertensives are presented as absolute numbers, other

values are mean (SD).

Table 1. Clinical characteristics of the 178 patients.
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male distribution. The volume of the left atrium was significantly higher in both

LVH groups compared to normal geometry and concentric remodeling. The differences

in LVMI, RWT and volume of the left atrium between the geometry groups did not

change when the LVH criteria in accordance with the Framingham Heart Study and

according to Muscholl were used. The indices of diastolic function between the four

groups were not significantly different, irrespective of which LVH criterium had

been used.

Natriuretic Peptides

For the relationship between the natriuretic peptides and left ventricular geometry

striking differences occured when different LVH criteria were used, as seen in Figure

1. When the LVH criteria according to Koren were used, ANP was significantly

higher in the concentric LVH group compared to the normal geometry group and

Parameter Normal Concentric Eccentric Concentric

Geometry Remodeling LVH LVH

(n=48) (n=105) (n=12) (n=13)

ANP, pg/ml 157 (83) 162 (64) 163 (50) 224 (151)  *

BNP, pg/ml 34 (13) 36 (12) 33 (4) 42 (23)

Sex, M/F 36/12 41/64  † 9/3 9/4

LVMI, g/m
2

102 (12) 96 (16) 147 (15)  ‡ 147 (23)  ‡

RWT 0.43 (0.03) 0.51 (0.04) § 0.41 (0.01) 0.50 (0.09) §

LA-area, cm
2

17.5 (3.4) 16.2 (3.2) 20.1 (3.7)  || 20.0 (3.6)  ||

IVRT, msec 103 (14) 106 (14) 106 (12) 113 (20)

E/A ratio 0.81 (0.21) 0.78 (0.17) 0.92 (0.43) 0.75 (0.25)

E, m/sec 0.60 (0.15) 0.61 (0.12) 0.54 (0.15) 0.55 (0.17)

A, m/sec 0.75 (0.17) 0.79 (0.13) 0.69 (0.14) 0.77 (0.13)

ANP, Atrial Natriuretic Peptide; BNP, Brain Natriuretic Peptide; LVMI, Left Ventricular

Mass Index; RWT, Relative Wall Thickness; LA-area, Left Atrial area; IVRT, Iso Volu-

metric Relaxation Time; E, peak in velocity in early diastole and A, peak in velocity in

late diastole. Values are mean (SD).*P<0.05 vs normal geometry and vs concentric

remodeling.†P<0.001 vs normal geometry and vs eccentric LVH and vs concentric LVH.‡

P<0.001 vs normal geometry and vs concentric remodeling.§ P<0.001 vs normal geom-

etry and eccentric LVH. ||P<0.01 vs normal geometry and vs concentric remodeling.

Table 2. Clinical characteristics of geometry groups according to Koren et al. 1
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Figure 1
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compared to the concentric remodeling group. When the LVH criteria of the

Framingham Heart Study were used, both ANP and BNP were significantly higher in

the concentric LVH group compared to the normal geometry group. Finally, when

the lower and sex-specific LVH criteria of Muscholl were used, BNP but not ANP

was significantly higher in the concentric LVH group compared to the normal

geometry group.

Table 3 shows the univariate regression analyses between the natriuretic peptides

and LVMI in 178 hypertensives and in the four geometry groups using different

LVH criteria. In all hypertensives, both peptides were to a similar extent related to

left ventricular mass. An increase in left ventricular mass is significantly related with

an increased secretion of both natriuretic peptides. We did not find a relation between

blood pressure and the natriuretic peptides.

ln ANP ln BNP

r p-value  r p-value

All hypertensives 0.191 0.011 * 0.182   0.015 *

Koren 1

Normal geometry 0.099 0.505 0.093 0.530

Concentric remodeling 0.099 0.313 0.216 0.027*

Eccentric LVH -0.314 0.320 -0.074 0.820

Concentric LVH 0.584 0.036* 0.571 0.042*

Framingham 19

Normal geometry 0.063 0.707 -0.065 0.698

Concentric remodeling 0.118 0.291 0.235 0.033*

Eccentric LVH 0.032 0.930 -0.0274 0.444

Concentric LVH 0.300 0.038* 0.224 0.126

Muscholl 20

Normal geometry  0.062 0.800 -0.065 0.793

Concentric remodeling  0.163 0.280 0.212 0.157

Eccentric LVH -0.065 0.687 -0.104 0.516

Concentric LVH  0.214 0.071 0.198 0.096

* = P < 0.05

Table 3. Relationships between lnANP, lnBNP (in pg/ml) and LVMI (g/m2).
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Tables 4 and 5 show the results of multiple regression analysis with ANP and BNP as

dependent variables. For ANP, besides age and female sex, LVMI was identified as

an independent predictor. The diastolic function parameters were not identified as

independent predictors for ANP. For BNP, besides age, female sex and LVMI , the

diastolic function parameters E/A ratio and IVRT were identified as independent

predictors.

Blood pressure, heart rate, duration of hypertension and body mass index were not

related to both natriuretic peptides in multiple regression analysis.

B Standard p-value

error

Age 0.022 0.007  0.002

Gender 0.213 0.062  0.001

LVMI 0.0037 0.001  0.011

Constant 2.774 0.507 <0.001

Table 4. Factors predicting ANP poncentration in elderly hypertensives:stepwise

regression analysis.

B Standard p-value

error

Age 0.017 0.006 0.008

Gender 0.143 0.053 0.008

LVMI 0.003 0.001 0.016

EAratio 0.445 0.139 0.002

IVRT 0.004 0.002 0.015

Constant 1.190 0.513 0.022

Table 5. Factors predicting BNP concentration in elderly hypertensives:

stepwise regression analysis.
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DISCUSSION

The present data show indeed that an increase in plasma ANP and BNP levels is

associated with increased left ventricular mass in elderly hypertensive patients,

suggesting that natriuretic peptides may contribute to the detection of hypertensives

with LVH. Especially in hypertensives with concentric LVH, but not eccentric LVH,

natriuretic peptides are increased compared to hypertensives with normal geometry.

This suggest that the secretion these  peptides is mainly related to pressure overload

and less related to volume overload as seen in eccentric LVH. We selected previously

untreated hypertensive patients to avoid some potentially confounding factors as

many antihypertensive drugs have been proved to influence left ventricular anatomy

and function24 and probably affect plasma natriuretic peptides. Ageing has a major

effect on the secretion of natriuretic peptides25 and for this reason we only selected

elderly hypertensives, prone to develop clinical heart failure with more cardiac end

organ damage, in whom a relation with ANP and BNP could be evident more readily.

Up till now, several cutoff values for echocardiographic LVH and increased RWT

are being used. For discussion purposes we calculated the relationship between the

natriuretic peptides and left ventricular geometry with use of two population derived

criteria for echocardiographic LVH since we selected hypertensives from a population

survey. Whether ANP or BNP is significantly higher in the concentric LVH group

mainly depends on which criteria for LVH has been used. With the use of the relatively

high cutoff values for LVH according to Koren, probably identifying more severe

concentric LVH, ANP was significantly higher in the concentric LVH group. When

the relatively lower and sex-specific cutoff values for LVH according to Muscholl

were used, BNP was significantly higher in the concentric LVH group compared to

the normal geometry group.

The prognostic risk of a disturbed left ventricular geometry has been examined by

Koren 1 and Verdecchia3. They were the first to report that hypertensive patients with

concentric remodeling have an increased risk for cardiovascular morbidity and

mortality compared to normotensive controls. The finding of a high prevalence of

concentric remodeling and a relatively low prevalence of LVH with the use of the

LVH criteria of Koren in our elderly group is consistent with previous studies in

newly found hypertensive patients drawn from a population survey26. The correlations

between ANP and BNP with LVMI in the different geometry groups suggest a different

pattern of natriuretic peptide secretion in left ventricular remodeling in hypertension.

In the remodeling of the left ventricle BNP, but not ANP is related to left ventricular

mass in the concentric remodeling group. This might indicate that BNP is more

sensitive than ANP to detect early ventricular changes, suggesting that in the



158

Chapter 10

remodeling of cardiac end organ damage primarily ventricular changes occur and

secondary atrial changes in elderly hypertensives. Furthermore, in multivariate

analysis BNP was related to diastolic dysfunction pattern suggesting delayed relaxation

of the left ventricle27. Several reports suggest, that BNP is a more sensitive marker

for left ventricular dysfunction than ANP 28, and there is some evidence suggesting

that BNP and the degree of wall thickening are related to the growth factor angiotensin

II in hypertension29.

Nishikimi studied a similar, but younger population (56 +/- 12 years) of hospitalized

hypertensives, with some patients being treated with antihypertensive drugs. Although

they had a smaller sample size (n=90) and broader range of age, they had comparable

results with ours, showing similar relationships between both natriuretic peptides in

the different LV geometry groups16. Muscholl et al. investigated whether basal activity

of ANP was related to left ventricular geometry in a group of 104 mild hypertensives

(blood pressure ≥ 140 / 90 mmHg) drawn from an outpatient clinic. Their population

was younger (54 +/- 15 years) and had been treated with antihypertensive drugs.

They found a relationship between ANP and LVMI and E/A ratio. Recently, Maisel

describes the use of a rapid measurement of B-type natriuretic peptide (BNP) in

establishing or excluding  congestive heart failure (CHF) in patients presenting at

the emergency department with acute dyspnea30. BNP scores superior to criteria sets

and other, standard tests for CHF like echocardiography which may lack in sensitivity

to identify cardiac causes of acute dyspneashowed. At a cutoff value of  100 pg/ml,

BNP had a 90 % sensitivity and 76 % specificity in this patient group. Our values of

BNP are within the normal range, and therefore the performance of BNP for detection

of elevated LV mass suggests limited usefulness of natriuretic peptides as mass

screening tools in these populations31.

In conclusion, this study compares ANP and BNP with cardiac end organ damage in

a large group of previously untreated elderly hypertensives. The different interaction

between ANP and BNP with left ventricular geometry may reflect substantial

differences in the pathophysiological remodeling of the left ventricle in essential

hypertension. BNP, but not ANP secretion seems especially related to early ventricular

changes. The value of ANP and BNP for the detection of the individual elderly

hypertensive patients with disturbed left ventricular geometry is limited. This is mainly

due to the low values of the peptides in this population, the influence of age and

gender and also methodological problems in defining echocardiographic LVH. The

prognostic value of ANP and BNP in elderly hypertensive patients remains to be

investigated, but of the natriuretic peptides BNP seems to be most promising.
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ABSTRACT

Objective:

To compare the effects of a calcium antagonist (amlodipine) and an angiotensin

converting enzyme inhibitor (lisinopril) on left ventricular mass and diastolic function

in elderly, previously untreated hypertensives.

Design:

A double-blind randomised parallel group trial.  (The ELVERA trial).

Setting:

Rural Northern Netherland – population screening new diagnosed hypertensive

subjects.

Patients:

The study population comprised 166 newly diagnosed hypertensive (aged 60-75)

with diastolic blood pressure between 95-115 mmHg and/or systolic blood pressure

between 160-220 mm of Hg.

Intervention:

Patients were randomly allocated to receive amlodipine 5-10 mg or lisinopril 10-20

mg for two years.

Main Outcome Measures:

Prior and after one and two years of treatment left ventricular mass, indexed by body

surface (LVMI) was estimated by 2-D mode echocardiography according to Devereux

with use of Penn convention. Early to atrial filling ratio (E/A) was assessed by

transmitral flow. Change from baseline of LVMI and E/A ratio was evaluated by

repeated measurement analysis of the treatment effect in an intention-to-treat analysis.

Results:

Both amlodipine and lisinopril led to equivalent reduction in systolic and diastolic

blood pressure. At the end of the study the amlodipine group led to LVMI decrease

by 21.8 g/m2 (95% CI:18.3, 25.3) and E/A ratio increased by 0.08 (95% CI:0.05,0.11).

In the lisinopril group LVMI decreased by 22.4 g/m2 (95% CI:19.0, 25.8) and E/A

ratio increased by 0.07 (95% CI:0.04,0.10). No statistically significant differences

were found in changes in LVMI and E/A ratio between amlodipine and lisinopril.

Conclusion:

A long-term study, the ELVERA trial proves that amlodipine and lisinopril reduce

left ventricular mass and improve diastolic function to a similar extent in elderly

newly diagnosed hypertensive patients.



163

Long term effects of amlodipine and lisinopril

INTRODUCTION

Many studies have documented that left ventricular hypertrophy is an important

predictor of cardiovascular morbidity and all cause mortality1-3. Further not only

when diagnosed by electrocardiography but also when diagnosed by

echocardiography, the risk for a hypertensive subject with marked left ventricular

hypertrophy being about three times that of a hypertensive subject with no increase

in left ventrical mass2-4. Tingleff et al5 confirmed that left ventricular hypertrophy

increases with age and that its overall prevalence is greater in hypertensive than in

normotensive individuals. It has been recommended6 that prevalence and identification

of left ventricular hypertrophy in different populations should be done, because

difference might also be due to genetic traits following or opposing the expression of

cardiac muscle or connective tissue hypertrophy.  In a recent study7 among the six

populations absolute risk due to coronary artery disease at the same level of blood

pressure varied substantially when treated.  These findings may have implications

for antihypertensive therapy in different parts of the world.

A large body of evidence indicates8 that antihypertensive treatment can reverse left

ventricular hypertrophy and that risk factor is a potentially modifiable one9. However,

not all drugs are equally effective in reduction of LV mass, even with comparable

reduction of blood pressure. Much of the literature on LV mass regression has been

based on relatively small, uncontrolled, short-term and non-randomised studies.  Meta-

analysis by Dahlof10 and Cruikshank11 suggest superiority of angiotensin converting

enzyme (ACE) inhibitors in reducing left ventricular mass, while meta-analysis by

Schmieder et al12 and Fagard13 indicated that both ACE inhibitors and calcium

antagonists reduce the left ventricular mass most superior to the other major

antihypertensive drug classes. Other large trials, like the TOMHS study, found similar

reductions in left ventricular mass for all classes of antihypertensives14.

Diastolic dysfunction is a common abnormality in mild to early hypertension and

frequently seen in the presence of left ventricular hypertrophy.  This may also occur

independently of the hypertrophic process15.  Long-term treatment of hypertension

has been shown to improve diastolic function, even in the absence of left ventricular

hypertrophy.  In general, the data suggest a beneficial effect of calcium antagonists

and ACE inhibitors, but not of beta-blockers or diuretics15.

Thus, we performed a double-blind, randomised study in Dutch rural population to

compare the effect of amlodipine and lisinopril on left ventricular mass in elderly

hypertensive subjects, using echocardiography to assess the response of LV mass

over the period 1 and 2 years of antihypertensive monotherapy. We also included a

secondary endpoint for efficacy, the difference in this change of the early filling/
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atrial contractions (E/A) ratio to investigate diastolic left ventricular function.

METHODS

Patients

Patients with previously untreated mild to moderate hypertension were enrolled from

a population survey performed in the North of the Netherlands in two rural

municipalities. Systolic blood pressure (SBP) and diastolic blood pressure (DBP)

were measured in sitting position after 5 min rest using the right arm. If a difference

in blood pressure was detected between both arms (>5 mmHg for DBP and >10

mmHg for SBP), the arm with the highest blood pressure was used for future

measurements.  Hypertensive patients aged between 60 and 75 (four measurements

of DBP between 95–115 mmHg and/or SBP between 160-220 mmHg derived from

multiple measurements made on three occasions over a period of 4 weeks) were

selected for the study and were advised to restrict their salt intake (a low-salt diet).

After another 4 weeks blood pressure was measured for the fifth time and hypertensive

patients who met the inclusion criteria received placebo treatment for 2 weeks. If

blood pressure remained stable during this run in period the patients were randomly

assigned to double-blind treatment with amlodipine 5 mg or lisinopril 10 mg. After 6

weeks of active treatment the dose was increased to amlodipine 10 mg and lisinopril

20 mg. Patients who experienced adverse effects due to the higher dose (at the

instigation of the investigator) had their dose adjusted to amlodipine 5 mg and lisinopril

10 mg.

Exclusion criteria for the study: office blood pressure > 220/115 mmHg; unstable

blood pressure after placebo treatment period, defined as the differences in DBP or

SBP before placebo treatment of >10 or >20 mmHg, respectively; secondary

hypertension of any etiology; angina pectoris; manifest coronary artery disease; current

or recent history of congestive heart failure; hemodynamically significant valvular

heart disease; cardiac arrhythmias; renal insufficiency; insulin - dependent diabetes

mellitus. Written informed consent was obtained from all participants and the study

was approved by the local Medical Ethical Committee of the University Hospital of

Groningen. Patient compliance was assessed by counting returned tablets at the various

visits.

Blood pressure measurements

Office blood pressure and heart rate were measured in sitting position after 5 minutes

of rest twice at every visit (6,8,18,35,52,68,85,104 weeks after the start of active

treatment) with a 2 minute interval between the measurements. In addition, blood
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pressure and heart rate were measured in the standing position after another 2 minutes.

The mean of two sitting blood pressure measurements was calculated. Systolic and

diastolic blood pressure were recorded at Korotkoff phase I and V at the nearest 2

mmHg.

Echocardiography

Echocardiographic examinations were performed by the same observer, who was

unaware of the identity of patients or BP measurements at baseline and after 1 and 2

years of active treatment. An Acuson XP-10 echocardiograph (Acuson Corp.,

Mountain View, California, USA) with a 2.5-4.0 MHz transducer was used. Left

ventricular dimensions were measured in 2-D mode according to the Penn-Convention

in the left lateral decubitus position. Three measurements were made of end diastolic

left ventricular wall (LVPW), interventricular septum (IVS) and left ventricular end

diastolic diameter (EDD). To estimate left ventricular mass the formula of Devereux

and Reichek was used16. In order to calculate left ventricular mass index the left

ventricular mass was divided by body surface area.

Diastolic filling abnormalities were measured by using pulsed Doppler

echocardiography. Measurements were done in the standard apical four-chamber view,

with the patient in the left decubitus position. The Doppler sampling volume was

placed between the tips of the mitral valve leaflets to obtain maximal filling velocities.

Three recordings were made at the end of expiration. Calculations were made using

the Acuson software package. Early peak (E-peak) and atrial peak (A-peak) filling

velocities were measured and their ratio (E/A ratio) calculated.

All observed or volunteered adverse effects regardless of treatment group or suspected

causal relationship to study drug were recorded.

Statistical analysis

Monitoring data management and statistical analysis of the study (SAS software

package, Cary, North Carolina, USA) were performed by an independent agency

(IMRO/Tramarko bv, Berghem, the Netherlands). Primary endpoint of the ELVERA

trial was the difference in change in left ventricular mass between the treatment

regimens. One of the secondary endpoints of the study was the difference in change

of the E/A ratio. Results are recorded as mean ± standard deviation (SD). Analysis of

variance (ANOVA) was used to test for changes within and differences between

treatment groups. To test for changes within and differences between treatment groups

after 1 and 2 years of treatment, repeated measurement analysis of variance
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(RMANOVA) was performed with the changes in endpoints as dependent variables,

and time, treatment group and baseline measurement as fixed parameters. Patients

with valid observation at baseline and at least one valid observation after 1 and 2

years were included in this RMANOVA. Results are of the intention-to-treat type of

analysis. The statistical tests were two-tailed and performed at the 5% level of

significance.

The effects of amlodipine and lisinopril on blood pressure were tested by repeated

measurements analysis including all blood pressure measurements after start of

treatment. The percentage of patients whose blood pressure dropped below 140/90

mmHg was calculated.

To study the relation between changes in blood pressure and changes in LVMI and

E/A ratio, an analysis of covariance (ANCOVA) was carried out. The effect of change

in blood pressure on the change in LVMI and E/A ratio was calculated (within 95%

confidence interval).

RESULTS

Patients

In the population survey 1996 of two rural municipalities, inhabitants between 60

and 75 years of age had their blood pressure measured. After three serial blood pressure

measurements a total of 386 persons were considered hypertensive, and advised to

take a salt restricted diet. After a period of 4 weeks of salt restriction 191 patients

fulfilled the inclusion criteria and entered the ELVERA trial. After two week placebo

run-in period 166 patients were randomized to amlodipine or lisinopril. Baseline

characteristics of these patients are given in Table I. There were more male patients

in the lisinopril group compared to the amlodipine group (64% versus 47%). This

difference in gender distribution may well have contributed for the slightly higher

left ventricular mass index in the lisinopril group. The two groups did not differ with

respect to body mass index (patients were mildly obese), blood pressure, age, and

lipid profile. The serum sodium in the amlodipine group, prestudy (n=81) was 142

mmol/L (± 1.46) and post study (n=64) was 141 mmol/L (± 1.67). In lisinopril group

in prestudy (n=85) was 142 mmol/L (± 1.71) and in post study (n=67) was 140 mmol/

L (± 2,21).

In the amlodipine group 16 patients had their dose reduced to 5 mg, and in the lisinopril

group 7 patients had their dose reduced to 10 mg, merely because of adverse events.
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Of the 166 patients randomised 120 patients completed the double blind treatment

phase. Patient compliance reflected by mean percentage of tablets taken over 2 years

of treatment was 82.9 (5.8) % for amlodipine and 83.9 (5.8) % for lisinopril. Reasons

for not completing in the amlodipine group (n = 24) were: adverse events (14),

withdrawal of informed consent (6), protocol violation (2), death (1) and other (1).

Reasons for not completing in the lisinopril group (n = 22) were: adverse events

(11), withdrawal of informed consent (4), protocol violation (4) and other (3).

A total of 38 patients (46.9%) and 32 patients (37.6%) respectively, reported adverse

events with amlodipine and lisinopril. In the amlodipine group of 14 patients (17.3%)

that discontinued the treatment, as primary reason was slightly higher than in the

lisinopril group 11 (12.9%). The difference is not significant. Most common adverse

events reported with amlodipine was peripheral oedema (n = 23) and with lisinopril

cough (n = 14).  One patient in amlodipine died, after discontinuation from the study.

The investigator recorded death not related to drug.

The blood pressure measurements at baseline, the changes in the first treatment year,

and the changes in the second compared to the first treatment year are shown in

Table 2. Blood pressure decreased significantly in both treatment groups (P < 0.0001),

with no differences between the treatment groups. The percentage of patients whose

blood pressure dropped below 140/90 mmHg at the end of the study did not differ

Amlodipine Lisinopril

(n = 81) (n = 85)

Age (years) 67 ±4 67 ±4

Gender M/F 38/43 54/31

Body Mass Index (kg/m2) 28.2 ±3.4 28.4 ±4.2

DBP (mmHg) 92 ±8 93 ±9

SBP (mmHg) 175 ±15 175 ±14

Isolated systolic hypertension (%) 44 43

Smokers (%) 42 40

Values are mean ± Standard deviation

Table 1 Baseline Characteristics of 166 randomized patients
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between both treatment groups, in the amlodipine group 26.4% and in the lisinopril

group 24.7%.

The baseline values for LVMI and E/A ratio, and the changes in the first year and the

second versus the first treatment year are shown in Table 3. After the first year of

treatment there was a statistically significant decrease in LVMI in both treatment

groups: 18.4 g/m2 (SD 15.3) in the amlodipine group and 19.7 g/m2 (SD 17.8) in the

lisinopril group could be observed. During the second year a further significant

decrease in LVMI was found in both treatment groups. After two years in the

amlodipine group a decrease of 25.7 g/m2 (SD 12.6) and in the lisinopril group 27.0

g/m2 (SD 17.0) in LVMI was found (Figure 1). A high baseline value resulted in

Diastolic blood pressure (DBP) in mmHg

Amlodipine n Mean SD Median Minimum  Maximum

Baseline 81 91.7 7.6 93.0 70.0 106.0

End of trial 72 83.3* 6.2 82.0 66.0 100.0

Lisinopril n Mean SD Median Minimum  Maximum

Baseline 85 93.0 9.0 94.0 70.0 115.0

End of trial 77 86.5* 8.1 84.0 69.0 111.0

Systolic blood pressure (SBP) in  mmHg

Amlodipine n Mean SD Median Minimum  Maximum

Baseline 81 174.7 14.7 173.0 131.0 215.0

End of trial 72 148.2 16.2* 148.5 106.0 191.0

Lisinopril n Mean SD Median Minimum  Maximum

Baseline 85 174.6 14.1 172.0 140.0 220.0

End of trial 77 148.9 17.3* 147.0 114.0 208.5

*Statistically significant (P<0.0001)

Table 2 Blood pressure values at baseline and at the end of study
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more pronounced decrease of LVMI. No significant changes in LVMI between both

treatment regimens were observed.

There was a significant correlation between decrease of DBP (R2 = 0.01; P <0.05)

and SBP (R2 = 0.07; P <0.05) and regression of LVMI, although the observed variances

were quite small. No significant correlation was found between change of pulse

pressure and regression of LVMI (P = 0.11).

Amlodipine

N Mean SD Median Minimum Maximum

Baseline 71 109.1 19.6 106.7 68.9 156.4

Year 1 71 90.7* 16.6 87.9 59.1 136.0

Year 2 61 85.3* 16.5 83.8 52.3 121.7

Lisinopril

N Mean SD Median Minimum Maximum

Baseline 77 114.1 23.3 109.1 65.3 186.8

Year 1 77 94.4* 19.6 92.1 54.0 146.6

Year 2 63 86.9* 16.1 85.1 54.2 130.4

*Statistically significant (P<0.0001)

Table 3 Left ventricular mass index (g/m2): intention to treat sample

Figure 1. Effects of amlodipine

and lisinopril on left ventricular

mass index. LVMI, left ventricu-

lar mass index.
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In table 4 similar results for both treatment groups are demonstrated, when left

ventricular mass (LVM) would not be indexed by body surface area.

The LVM at baseline differs significantly between genders (P<0.0001). For males

the mean LVM amounted to 233.1 g (95% CI 223.2 – 243.1) and for females 193.5 g

(95% CI 182.3 – 204.8).

Within males the LVM regression was strongly significant (P<0.0001 for both adjusted

treatment means, amlodipine –43.6 (95% CI –51.7 until –35.4), lisinopril –45.5 (95%

CI –52.3 until –38.8).  No treatment differences were found (P=0.7121).

Within females the LVM regression was strongly significant as well (P<0.0001 for

both adjusted treatment means, amlodipine –43.5 (95% CI –49.6 until –37.5), lisinopril

–41.7 (95% CI –49.0 until –34.5). No treatment differences were found (P=0.7032).

The E/A ratio before treatment was similar in both groups and increased after two

years of treatment in both groups as shown in table 5. This effect was already observed

after one year of treatment in both groups. The increase is highly significant (P<0.0001

for adjusted treatment means), in the amlodipine group 0.081 m/s (95% CI 0.051-

0.112) and in the lisinopril group 0.070 m/s (95% CI 0.040-0.099) but after the first

year the increase was not significant anymore. There was no statistically significant

difference between both treatment regimens.

There appeared to be no significant correlation between regression of LVMI and

increase of E/A ratio (P = 0.18).

Amlodipine N Mean SD Median Minimum Maximum

Baseline 71 207.0 42.4 205.0 123.1 299.6

Year 1 71 171.7* 37.0 165.5 104.7 258.0

Year 2 63 160.8* 36.2 158.8 92.9 234.3

Lisinopril N Mean SD Median Minimum Maximum

Baseline 77 223.8 54.7 218.4 108.2 444.7

Year 1 77 184.1* 45.3 176.9 86.1 306.3

Year 2 63 168.2* 36.6 161.0 90.4 285.3

*Statistically significant (P<0.0001)

Table 4 . Left ventricular mass (g): intention to treat sample
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Moreover, heart rate did not significantly change in both treatment regimens (in

amlodipine group 73 (beats per minute) at baseline and after 2 years 71 bpm; in the

lisinopril group 72 bpm at baseline and 71 bpm at the end of the study.

DISCUSSION

In the ELVERA trial the long-term effect of amlodipine and lisinopril on left

ventricular mass and diastolic filling is equipotent in mild to moderate elderly

hypertensive patients. The left ventricular mass in both groups and in both genders

(in spite of the differences in baseline) significantly decreased after one year of

treatment, and continue to decrease during the second year of treatment. Regression

of left ventricular mass is usually associated with improvement of diastolic filling.

In this study improvement of E/A ratio was observed in both groups. This effect was

evident after one year of treatment and stabilized during the course of the second

year of treatment. Since heart rate did not significantly change during treatment, this

improvement of E/A ratio was probably due to improved diastolic function. The

reduction of left ventricular mass during the second year of treatment continued,

while blood pressure reduction and diastolic function improvement were stabilized.

This could be the result of to a reduction of vascular hypertrophy, resulting in better

compliance of the large arteries.

Amlodipine N Mean SD Median Minimum Maximum

Baseline 71 0.78 0.18 0.73 0.46 1.40

Year 1 71 0.84* 0.18 0.84 0.52 1.58

Year 2 62 0.89* 0.25 0.84 0.45 2.01

Lisinopril N Mean SD Median Minimum Maximum

Baseline 77 0.79 0.36 0.73 0.47 3.54

Year 1 75 0.82* 0.20 0.80 0.46 1.62

Year 2 61 0.83* 0.17 0.79 0.61 1.64

*Statistically significant (P<0.0001)

Means statistically significant compared to baseline.

Table 5 E/A ratio (m/s): intention to treat sample
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The study design required patients to remain on the initially assigned monotherapy

and excluded them for follow-up if they required other or additional medication for

blood pressure control or changed therapy because of side effects. The design of the

study is consistent with clinical practice, where patients do not continue on

antihypertensive medication in the absence of a significant blood pressure effect

lowering despite the possibility of reduction of left ventricular mass. We are aware

that more than 50% patients, as has been demonstrated in all intervention trials17

combination therapy is necessary.  In our study nearly 25% of patients with the

monotherapy had a blood pressure of 140/90 mmHg.

In a recent publication18, the reasons to be concerned about the potentially adverse

effect of LVH regression was raised. It was said that if the cardiac hypertrophy that

occurs in response to hypertension is truly compensating, then reduction of contractile

muscle mass could result in cardiac decompensation, as well as worsened diastolic

function, because of a relative increase in the connective tissue. Although a decrease

in LV function after LVH regression has not been shown, surrogate endpoints can be

misleading. However, many recent trials of single-drug therapy may in fact be quite

effective for LVH regression as well as for improving cardiac outcomes19,20,21.

Additionally, fear concerning the adverse effect of LV mass reduction on systolic

and diastolic LV function have not been justified by results of clinical trials.

Our findings confirm the outcome of  the meta-analyses of Schmieder and Fagard12,13

suggesting equal efficacy of ACE inhibitors and calcium antagonists on left ventricular

mass. Calcium antagonists and ACE inhibitors are the most potent drugs in reducing

left ventricular mass, while beta-blockers and diuretics less effectively reduce left

ventricular mass. In the PRESERVE (Prospective Randomized Enalapril Study

Evaluating Regression of Ventricular Enlargement)22 trial the effects of one year

treatment with ACE inhibitor enalapril was similar to the dihydropiridine calcium

antagonist nifedipine GITS on left ventricular mass reduction in a group of 480

hypertensives with echocardiographic determined left ventricular hypertrophy (LV

mass >116 g/m2 in men and >104 g/m2 in women). These findings are confirmed by

our first year observations in the ELVERA trial which extends these observations by

demonstrating a furthermore regression of left ventricular mass after the second year

of treatment.

In a similar prospective study of  Beltman et al23 amlodipine and lisinopril reduced

left ventricular mass (11.0 g/m2 and 12.6 g/m2 respectively) in a group of 71 previously

untreated hypertensives with mean age of 54 (10), while diastolic function remained

unchanged11. Compared to this study, the ELVERA trial shows a greater reduction of

left ventricular mass (21.8 g/m2 and 22.4 g/m2 respectively) with higher baseline

values of left ventricular mass and significantly improvement of diastolic function in
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elderly hypertensives. There is a significant relation with baseline value and reduction

of left ventricular mass. One might speculate that differences in study populations

may be responsible for such discrepancies between studies.

Why ACE inhibitors and calcium channel blockers differ in reducing left ventricular

mass short term is not fully understood. But, the ultimate question with regard to

hypertensive left ventricular hypertrophy is not why one agent or another is somewhat

more effective in reversing it but does regression of hypertensive hypertrophy confer

a prognostic benefit over and above the degree of induced lowering of blood pressure.

To answer this question, at least one study is ongoing, designed to have adequate

power to answer this question24.

Finally, preliminary data indicate that reduction of left ventricular hypertrophy per

se is followed by an improvement in cardiovascular risk related to left ventricular

hypertrophy6. Calcium channel blocker e.g. amlodipine and ACE inhibitor e.g.

lisinopril possibly the drug of choice for treating left ventricular hypertrophy in elderly

hypertensive subjects.

More than 100 studies have dealt with the regression of LVH during antihypertensive

drug treatment in humans in the past 20 years25. However, only 17% of these studies

were performed in a controlled manner with a randomised, double blind design.

Follow-up has only occasionally exceeded one year (average 10 months), the number

of patients per study was on average 21, characterisation of study populations has

often been poor and most studies had a lack of blinding of the echocardiographic

measurements26. To conclude, we believe our study contributes to the advance of

knowledge e.g. design, population selection, and duration.  However as recently

suggested by Devereux27, to test different classes of hypertensive agents have

contrasting effect in hypertensive LV hypertrophy studies need to enroll as many as

150 to 200 patients per treatment arm. Thus further studies are needed with large

number of patients in each arm to demonstrate drug-induced differences (in diversified

population) and whether regression of hypertensive LV hypertrophy confers a

prognostic benefit over and above the degree of induced lowering of blood pressure.
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ABSTRACT

We wondered whether in an elderly hypertensive population in a primary prevention

setting, free from diabetes mellitus and clinical atherosclerosis, differences between

end organ damage and microalbuminuria (MA) could be found using a lower level

of urinary albumin excretion than that of classically defined microalbuminuria.

From a population survey 173 previously untreated hypertensive patients (4x blood

pressure systolic ≥ 160 and ≤ 220 mmHg, and/or diastolic ≥ 95 and ≤ 115 mmHg),

mean age 67 ± 4 years, were screened for MA (defined as albumin excretion between

20 and 300 mg/24 hours). End organ damage was determined by B-mode ultrasound

scanning of carotid and femoral arteries and echocardiography.

Out of 173 hypertensives 14 showed MA (8%). These hypertensives had a significantly

higher intima media thickness (IMT) (1.01 ± 0.21 vs. 0.88 ± 0.6 mm, P < 0.05) and

increased left ventricular mass index (118 ± 31 vs. 103 ± 22 g/m2, P < 0.05) than

hypertensives without MA. Linear regression analysis showed that MA, age, male

gender and diastolic blood pressure were independently related to IMT, while systolic

blood pressure, male gender and body mass index were independently related to left

ventricular mass.

Even using lower levels of urinary albumin excretion rate, patients with MA had

significantly higher IMT and increased left ventricular mass. Moreover, MA was

independently related to IMT these elderly hypertensives. These results suggest that

the threshold value for MA should be reconsidered in hypertension.

INTRODUCTION

Microalbuminuria (MA) has been associated with a cluster of metabolic and

nonmetabolic cardiovascular risk factors, and has also been suggested to be a marker

of endothelial dysfunction in hypertensive patients. It has been shown that MA predicts

mortality in insulin dependent diabetes mellitus 1 and in the general population 2,3. In

patients with diabetes mellitus, threshold values for microalbuminuria are debatable18.

Evidence shows that an increased risk also exists for levels of MA lower than those

in use at present. The significance of MA in hypertensive populations is less clear,

especially in the lower than normal used threshold values for microalbuminuria.

The relevance of vascular and cardiac end organ damage in hypertension is supported

by the JNC-VI 4 and WHO guidelines 5. In patients with mild hypertension,

antihypertensive therapy seems justified in case of end organ damage. Whether or
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not MA can be used as a marker for the presence of cardiovascular end organ damage,

is debatable 6,7,8. Few human studies have indicated the association of MA with a

thicker intima media9, or  increased left ventricular mass in hypertensive populations10.

The prevalence of MA in hypertensive populations has been documented to vary

between 5 and 40 % 11,12,13,14, depending on populations studied.

We wondered whether in an elderly hypertensive population in a primary prevention

setting differences between end organ damage and MA could be found using lower

levels of urinary albumin excretion than that of classically defined microalbuminuria.

Therefore, we determined the prevalence of MA, the association with known

cardiovascular risk factors, and the differences to cardiovascular end organ damage

in a group of previously untreated, elderly hypertensives free from diabetes mellitus

and clinical signs of atherosclerosis.

METHODS

Patients

Patients with previously untreated mild to moderate hypertension were recruited from

a population survey performed in the north of the Netherlands in two rural munici-

palities. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were mea-

sured four times at three occasions. Patients were included in the study if SBP or DBP

was four times ≥ 160 mmHg or ≥ 95 mmHg, respectively, and if they were between

60 and 75 years of age and had not been treated with antihypertensive drugs. Exclu-

sion criteria were: secondary hypertension of any etiology (ruled out by history and

routine blood chemistry), diabetes mellitus, angina pectoris, stroke, myocardial inf-

arction, intermittent claudication, renal insufficiency (defined as a repeat serum crea-

tinine > 200 µmol/L) and electrolyte disturbances (serum potassium <3.0 mmol/l or

>6.0 mmol/l). Patients with office blood pressure > 220/115 mmHg were excluded.

The research protocol was approved by the Medical Ethical Committee of the Uni-

versity Hospital of Groningen and written informed consent was obtained from all

subjects.

B-mode ultrasound imaging

The B-mode ultrasound imaging of the carotid and the femoral arterial walls was

done with an Acuson 128 XP ultrasound machine (Acuson Corp., Mountain View,

California, USA), equipped with a 7.0 MHz L7384 linear array transducer by two

experienced sonographers, who were unaware of the clinical data. The methods used

to record and analyze B-mode ultrasound images have been described in detail
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before15. In short, ten prespecified segments, three from the left and right carotid

artery and two of the left and right femoral artery were scanned. In the carotid artery,

the arterial segment 1 cm proximal to the carotid dilatation (the common carotid

artery), the arterial segment between the carotid dilation and carotid flow divider

(carotid bulb) and a 1 cm long arterial segment distal to the flow divider (internal

carotid artery) were measured. In the femoral artery, a 1 cm long arterial segment

proximal to the femoral dilation (common femoral artery) and a 1 cm arterial segment

distal to the femoral flow divider (superficial femoral artery) were measured. Of

each arterial segment, 5-sec real time image sequences were stored on S-VHS. B-

mode ultrasound video images were analyzed off-line (S-VHS Panasonic NV-FS

100 HQ; VCR; Sony GVM-1400 QM multisync monitor; IDEN IVT-7p time base

correctors, IPC 80486 personal computer equipped with DT2861 and DT2862 frame

grabbers). Image analysis software was developed in cooperation with Selzer et al 16.

The mean value of the intima media thickness (IMT) of the mean far walls of three

carotid artery segments and two femoral artery segments was used for analysis. The

IMT of the far wall was evaluated as the distance between the luminal-intimal interface

and the medial-advential interface. When macrovascular lesions were obvious, IMT

was not measurable or IMT exceeded 1.2 mm, lesions were considered plaques.

Plaques were scored as a dichotomous variable in the 10 predefined arterial segments

in both the near and far walls, and the score of plaques was expressed as the total

amount of plaques of all arterial segments. The average plaque-score of all arterial

segments per patient was used for analysis. The measurement error of variation in

the population studied was 0.03 mm for the mean max far wall IMT. The primary

endpoint of the B-mode ultrasound study was the combined mean far wall IMT of

the ten segments of the carotid and femoral artery.

Echocardiography

Echocardiographic examinations were recorded by a single, trained operator. An

Acuson XP-10 echocardiograph (Acuson Corp., Mountain View, California, USA)

with a 2.5-4.0 MHz transducer was used. Left ventricular dimensions were measured

in 2-D mode according to the Penn-Convention in the left lateral decubitus position.

Three recordings were made of end diastolic left ventricular wall (LVPW),

interventricular septum (IVS) and left ventricular end diastolic diameter (EDD). To

estimate left ventricular mass the cube formula of Devereux and Reichek was used17.

In order to calculate left ventricular mass index the left ventricular mass was divided

by body surface area.

Diastolic filling abnormalities were measured by using pulsed Doppler

echocardiography. Measurements were done in the standard apical four-chamber view,
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with the patient in the left decubitus position. The Doppler sampling volume was

placed between the tips of the mitral valve leaflets to obtain maximal filling velocities.

Three recordings were made at the end of expiration. Calculations were made using

the Acuson software package. Early peak (E-peak) and atrial peak (A-peak) filling

velocities were measured and their ratio (E/A ratio) calculated.  Deceleration time of

the early peak was measured.

Microalbuminuria

MA was screened with an early morning urine sample using nephelometry. Patients

with urinary albumin concentration of at least 20 mg/L received oral and written

instructions on how to collect 24-hour urine sample to confirm MA. Urine was

collected over a single 24 hour period. The subjects were told to avoid coffee and

heavy exercise on the day of urine collection. In case of fever or urinary tract infection,

urine collection was postponed. Urine albumin concentrations were determined by

nephelometry with a threshold of 2.3 mg/l and intra- and inter-assay coefficients of

variation of less than 4.3% and 4.4%, respectively (Dade Behring Diagnostic,

Marburg, Germany). MA was defined, when albumin excretion was within the range

of 20 –300 mg/24 hour, as recently suggested in patients with diabetes mellitus18.

These levels of MA are related to cardiovascular risk factors in the general

population19.

Statistical analysis

Descriptive statistics and comparisons between groups were performed with the SPSS

statistical package (SPSS for Windows, version 9.0, SPSS Inc.). All descriptive data

are presented as mean ± SD. Equality of variances between groups with or without

MA were tested with Levene’s test. The independent T-test for equality of means

was used in order to detect significant differences between the two groups, as

appropriate. In case of categorical variables, the X2 test was used. To identify the

determinants of MA, logistic regression analysis was used. Clinical baseline variables

included age, systolic and diastolic blood pressure, gender, body mass index, smoking,

creatinine and lipid profile. To determine if microalbuminuria was associated with

end organ damage, regression analyses were done with combined mean maximum

far wall intima media thickness and left ventricular mass index as dependent variables,

and cardiovascular risk factors including microalbuminuria as independent variables.

A p-value of < 0.05 was considered statistically significant. All p-values are two

tailed.
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RESULTS

Patients

From the population survey, 1969 subjects between 60 and 75 years had their blood

pressure taken. A total of 1162 subjects had normal blood pressures, 421 subjects

were treated with antihypertensive drugs, 214 subjects were identified as having

untreated systolic hypertension and 172 subjects as having untreated diastolic

hypertension after 3 serial blood pressure measurements. From these 386 untreated

subjects 173 subjects fulfilled the in- and exclusion criteria and entered the study.

Table 1 shows a comparison between hypertensive subjects with and without MA.

The two groups differed with respect to smoking and systolic blood pressure, but not

with respect to age, body mass index and lipid profile.

Variables Patients with Patients without P-value

microalbuminuria microalbuminuria

(n=14)      (n= 159)

Male sex, % 64 51 0.250

Age, y 67 ± 5 67± 4 0.810

Body Mass Index, kg/m2 28 ± 3 28 ± 4 0.942

Office SBP, mmHg 185 ± 12 177 ± 14 0.034 *

Office DBP, mmHg 97 ± 7 95 ± 8 0.232

Pulse pressure, mmHg 88 ± 13 82 ± 14 0.172

Total cholesterol, mmol/L 5.82 ± 1.02 5.96 ± 0.90 0.583

LDL-cholesterol, mmol/L 4.04 ± 0.77 3.97 ± 0.83 0.803

HDL-cholesterol, mmol/L 1.22 ± 0.25 1.27 ± 0.31 0.565

Triglyceride, mmol/L 1.25 ± 0.53 1.64 ± 1.31 0.266

Fasting blood glucose (mmol/L) 4.75 ± 1.27 4.53 ± 0.83 0.360

Uric acid (mmol/L) 5.11 ± 1.38 5.54 ±1.30 0.240

Serum creatinine (µmol/L) 82.8 ± 11.2 86.3 ± 15.2 0.396

Smoking, % 80 20 0.000 ‡

Family history of hypertension, % 64 47 0.171

Cardiovascular family history, % 14 26 0.258

Values are expressed as mean ± SD. * Difference significant at the P < 0.05 level. ‡

Difference significant at the P < 0.001 level. SBP = Systolic Blood Pressure; DBP =

Diastolic Blood Pressure; LDL = Low Density Lipoprotein; HDL = High Density

Lipoprotein

Table 1. Characteristics of hypertensive patients with and without microalbuminuria
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Endorgan damage Patients with Patients without P-value

microalbuminuria microalbuminuria

      (n=14)        (n=159)

Vascular end organ damage

IMTTOT (mm) 1.01 ± 0.21 0.88 ± 0.16 0.004 †

IMTAC (mm) 1.06 ± 0.22 0.91 ± 0.16 0.002 †

IMTAF (mm) 0.96 ± 0.25 0.84 ± 0.22 0.052

Average plaque-score 6.0 ± 3.9 3.6 ± 2.8 0.005 †

Cardiac end organ damage

LVMI (g/m2) 118 ± 31 103 ± 22 0.016*

RWT 0.48 ± 0.05 0.48 ± 0.05 0.965

IVS (mm) 11.6 ± 1.4 11.1 ± 1.1 0.065

LVPW (mm) 11.0 ± 0.8 10.6 ± 0.9 0.076

LVEDD (mm) 46.4 ± 5.2 44.5 ± 4.7 0.162

E/A ratio 0.77 ± 0.15 0.79 ± 0.23 0.734

E-DT (ms) 255 ± 48 227 ± 43 0.032 *

Values are expressed as mean ± SD. * Difference significant at the P <0.05 level.  †

Difference significant at the P < 0.01 level. IMTAC = Intima Media Thickness of

Arteria Carotis; IMTAF = Intima Media Thickness of Arteria Femoralis; IMTTOT =

IMTAC + IMTAF. LVMI = Left Ventricular Mass Index; RWT = Relative Wall

Thickness; IVS = InterVentricular Septum; LVPW = Left Ventricular Posterior Wall;

LVEDD = Left Ventricular End Diastolic Diameter; E/A ratio = Peak Early velocity /

Peak Atrial velocity; E-DT = Early peak velocity Deceleration Time.

Table 2. Cardiovascular end organ damage in hypertensives with and without

microalbuminuria.

Prevalence of microalbuminuria

A total of 173 patients turned in morning urine, and 25 patients had an albumin

excretion rate ≥ 20 mg/L. These 25 patients were asked to collect 24 hour urine. The

median urinary albumin excretion rate amounted to 21.5 mg/24 h (with p25-p75:

11.3-55.0). A total of 14 patients had MA between 20 and 300 mg/24 hour (6 patients

had MA between 20 and 30 mg/24 hour and 8 patients had MA between 30 and 300

mg/24 hour). This resulted in a prevalence of MA of 8 % in these elderly hypertensives

without diabetes mellitus.

Microalbuminuria and end organ damage

Table 2 shows a comparison of vascular and cardiac end organ damage in patients

with or without MA. Hypertensive patients with MA showed an increased IMT,
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expressed as total mean far wall IMT and an increased frequency of plaques in the

arterial segments studied compared to hypertensives without MA. In terms of cardiac

end organ damage, hypertensive patients with MA showed an increased left ventricular

mass index, compared to those without. The diastolic function parameter, E/A ratio,

was not significantly different between both groups, while deceleration time of the

early peak was significantly higher in the MA group.

Comparing the patients with MA between 20 and 30 mg/24 hour to patients without

MA showed that patients with MA between 20 and 30 mg/24 hour had higher IMT

(1.01 ± 0.25 versus 0.88 ± 0.16 mm with P < 0.05) and more arterial plaques (7.2 ±
4.0 versus 3.6 ± 2.8 with P < 0.01), while left ventricular mass index was not significant

different (112 ± 24 versus 103 ± 22 g/m˝ with P = 0.303). Comparing patients with

MA between 20 and 30 mg/24 hour to patients with MA between 30 and 300 mg/24

hour showed no differences in end organ damage.

Cardiovascular risk factors contributing to microalbuminuria

From a variety of baseline characteristics, including traditional cardiovascular risk

factors like lipid profile, systolic and diastolic blood pressure, smoking, body mass

index and creatinine, logistic regression analyses identified smoking and systolic

blood pressure as independent factors relating to the presence of MA in these elderly

hypertensives, as seen in table 3. These factors explained to 31% of the variance of

MA in elderly hypertensives.

Variable B SE P

Smoking (yes/no) 2.810 0.710 0.000

Systolic blood pressure (mmHg) 0.058 0.024 0.018

Constant -14.218 4.627 0.002

Shown are predictors for microalbuminuria, determined by backward elimination from

a model including age, gender, diastolic and systolic blood pressure, lipid profile,

smoking, body mass index, glucose and creatinine. Model R2 = 0.312; P = 0.001.

Table 3. Logistic Regression Analysis for Predicting Microalbuminuria
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 Variable B SE P

Age (years) 0.008 0.003 0.003

Male gender 0.099 0.023 0.000

Smoking (yes/no) 0.057 0.028 0.060

Diastolic blood pressure (mmHg) -0.005 0.001 0.001

Microalbuminuria (yes/no) 0.101 0.044 0.023

Constant 0.805 0.232 0.001

Shown are predictors for combined mean maximum far wall intima media thickness of

carotid and femoral arteries, determined by backward elimination from a model

including age, gender, microalbuminuria, systolic and diastolic blood pressure, lipid

profile, smoking, glucose, and body mass index. Model R2 = 0.247; P = 0.001.

Table 4. Linear regression analysis associating intima media thickness with

microalbuminuria and cardiovascular risk factors

Variable B SE P

Male gender 11.544 3.344 0.001

Systolic blood pressure (mmHg) 0.377 0.122 0.002

Body mass index (mg/kg2) 0.913 0.448 0.043

Microalbuminuria (yes/no) 10.987 6.087 0.073

Constant 16.245 23.926 0.498

Shown are predictors for left ventricular mass index, determined by backward

elimination from a model including age, gender, microalbuminuria, systolic and

diastolic blood pressure, lipid profile, smoking, glucose, and body mass index.

Model R
2
 = 0.151; P = 0.001.

Table 5. Linear regression analysis associating left ventricular mass index with

microalbuminuria and cardiovascular risk Factors
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Associations between cardiovascular end organ damage and cardiovascular risk

factors

In table 4 the associations between combined mean maximum far wall intima media

thickness of carotid and femoral arteries and cardiovascular risk factors, including

microalbuminuria is seen. IMT was positively significant associated with male sex,

age, smoking, and microalbuminuria. IMT was inversely significantly associated

with diastolic blood pressure. In table 5 the associations between left ventricular

mass index and cardiovascular risk factors, including microalbuminuria is seen. LVMI

was positive significantly associated with male sex, systolic blood pressure and body

mass index. Microalbuminuria was borderline significantly associated with LVMI.

DISCUSSION

The present study documents a lower than expected prevalence of microalbuminuria

(8%) in elderly hypertensives. Especially, because we used lower than normal used

threshold values for microalbuminuria and because it has been known that the

prevalence of MA increases with age 11. Our approach for assessing MA using a spot

urine morning sample and a consecutive 24 hour urine collection is comparable with

clinical practice. In studies concerning hypertensive patients free from clinical signs

of atherosclerotic disease, the prevalence has been reported to vary in the range of 5

to 40% 12,13,20,21, with an average around 12%. Several factors are available to explain

the relatively low prevalence of MA in our study in the elderly. The reported variation

is mainly due to differences in populations studied. In general, in studies concerning

hypertensive patients with diabetes mellitus the prevalence of MA is usually higher

than in those without. By contrast, our patients were selected in a primary care setting

and were free from diabetes mellitus. Moreover, all patients had no clinical signs of

atherosclerosis as angina pectoris, myocardial infarction and stroke were exclusion

criteria and all patients were previously untreated for hypertension, therefore

eliminating possible drug effects. In addition, the fact that hypertension was newly

found suggests that the history of hypertension was relatively short in a significant

number of these individuals. Therefore, they might not have developed MA yet.

The ultrasound findings of the study show, that hypertensives with MA exhibit more

marked end organ damage than those without MA. Not only did we find an increased

IMT and more arterial plaques in hypertensives with MA, but we also found an

increased left ventricular mass index compared to hypertensives without MA. Our

findings comply with those of Pontremoli et al 10. In a group of 211 untreated

hypertensive patients free from diabetes mellitus, they showed that hypertensives

with MA, had early signs of vascular damage and a higher prevalence of unfavorable
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left ventricular geometric patterns, compared to hypertensive patients without MA.

The main difference with our study is, that they report a higher prevalence of MA

(14 %) in a younger hypertensive group (mean age 47, range 21-65), compared to

our prevalence of 8% in the elderly. This might well be caused by the fact that, in

their study only 39% of the patients were previously untreated for hypertension,

while the majority of the patients was on treatment or had been treated for

hypertension. It should be noted that all our patients were in a primary care setting

and were previously untreated for hypertension, therefore eliminating possible

treatment effects of antihypertensive drugs.

We found that systolic blood pressure and smoking are significantly associated with

MA in these elderly hypertensives. Few studies are available to assess which factors

are related to the presence of MA in hypertensive patients. In a study of middle aged

hypertensives, diastolic blood pressure and left ventricular mass index were

independently related to MA in a group of 95 untreated hypertensive patients with a

mean age of 39 ± 6 years 20. In the Gubbio Population Study by Cirillo et al 22, pulse

pressure and systolic blood pressure were directly related to MA in nondiabetic,

middle aged adults. Our findings are partly supported by a study of Pedrinelli et al 23,

in which pulse pressure, left ventricular mass index and smoking status were

independent predictors for MA in non-diabetic untreated hypertensive males. Another

study, partly supporting our findings is by Agewall et al 8, in which smoking and

concomitant cardiovascular disease were found to be independent predictors of

cardiovascular mortality among treated hypertensive patients without diabetes

mellitus. Their hypertensive male group had an age comparable with our men and

women. In the study by Agewall et al. macroalbuminuria but not MA was an

independent predictor for cardiovascular mortality in treated hypertensive men. Why

macroalbuminuria and not MA was an independent predictor in this study, may be

explained by the fact that many of their patients had cardiovascular endpoints at

inclusion and they had been treated for hypertension for many years. In such a group

it may be difficult to identify the possible predictive role of MA.

Recently, it has been shown that smoking is related to MA and abnormal renal function

in nondiabetic persons 24. Several mechanisms may be responsible for the contribution

of smoking to MA, which was also observed in our population. Smoking may induce

MA through advanced glycation end products, which are known to be responsible

for enhanced vascular permeability 25,26, as seen in diabetes. Another possible

mechanism underlying the pathophysiologic effects of smoking might be insulin

resistance. Several investigators have found smoking to be causally related to insulin

resistance in non-diabetic persons 27,28,29. Features of the insulin resistance syndrome

include hypertension, central obesity and high fasting glucose levels. Our study
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participants were all hypertensive, were on average slightly obese, but did not have

high fasting glucose levels. Patients with diabetes mellitus were excluded in the present

study.

We found that microalbuminuria was independently associated with vascular end

organ damage. Besides microalbuminuria, atherogenic risk factors, like age, male

sex and smoking and diastolic blood pressure were significantly associated with intima

media thickness. Although unfavorable lipid profiles have been associated with

increased IMT 30, they were not associated with IMT in our study. Moreover, lipid

profiles were not significantly different between hypertensive patients with and

without MA. The inverse relation between intima media thickness and diastolic blood

pressure might be due to increased pulse pressure. Therefore, it is suggested that the

presence of microalbuminuria besides these risk factors is a marker of already

established vascular damage and could therefore predict cardiovascular events.

Hypertensives with MA had higher left ventricular mass index, compared to those

without MA. Gender, systolic blood pressure and body mass index were independently

associated with left ventricular mass index, while MA was borderline significant

associated with left ventricular mass. This suggests that microalbuminuria is primarily

associated with vascular organ damage and that established risk factors like systolic

blood pressure, male sex and body mass index are the major contributing factors for

cardiac organ damage in elderly hypertensives.

The present study is a cross-sectional study. It remains to be investigated whether

hypertensives with MA are different from hypertensives without MA with respect to

their propensity to develop end organ damage. For this, longitudinal studies are needed.

The fact that in the present study, smoking as well as systolic blood pressure were

significantly and independently related to MA, suggests that these factors play an

important role in the pathophysiology of microalbuminuria in older hypertensives. It

may well be that MA is associated with endothelial dysfunction and vasomotor

abnormalities which, in turn, may form the basis for vascular remodeling and coronary

vascular, cerebrovascular or peripheral vascular events. Even using lower levels of

urinary albumin excretion rate than that of classically defined microalbuminuria,

cardiac and vascular end organ damage were significantly higher in hypertensive

patients with MA compared to those without MA. These results suggest that the

threshold value for MA should be reconsidered in elderly hypertensive patients.

Moreover, MA was independently related to vascular end organ damage in these

patients, suggesting that MA is an independent predictor of end organ damage and

may be useful in the evaluation and management of newly found, elderly hypertensive

patients.
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Recent guidelines on the management of hypertension recommend that initiation of

drug treatment should not be based on blood pressure alone, but on global risk

stratification. According to guidelines of the World Health Organization and the

International Society of Hypertension, global cardiovascular risk is stratified into

four classes: low, medium, high and very high 1. In this risk stratification score, not

all risk factors are incorporated. For example, the family history for heart disease

below 60 years of age is not included. Prompt initiation of drug treatment is

recommended in patients with an extremely high blood pressure and in those with

moderate high blood pressure accompanied by three or more additional risk factors,

organ damage, diabetes mellitus or clinical cardiovascular complications. These

patients deserve aggressive and early treatment because this risk profile predicts an

incidence of at least 20% major cardiovascular events over 10 years. For patients at

low or medium risk (<20% in 10 years), WHO / ISH guidelines recommend waiting,

and commencing drug treatment only if an elevated blood pressure is confirmed after

repeated measurements over several months.

In this thesis the association between arterial hypertension and cardiac and vascular

damage has been explored. The relation between blood pressure and left ventricular

mass and intima media thickness appeared to be very poor. However, organ damage

relates strongly to future cardiovascular events.

The routine diagnostic work-up for hypertension is a highly insensitive approach to

the detection of patients with organ damage. Routine cardiac and vascular

ultrasonography are both required to reliably identify high risk individuals. This has

recently been confirmed in the Assessment of Prognostic Risk Observation Survey

(APROS) 2. Similarly, we found that  the relationship between both systolic and

diastolic blood pressure and left ventricular mass, and intima media thickness is poor.

Therefore, the group of patients stratified as low or medium risk using the WHO-ISH

criteria, would gain most of more accurate stratification of their absolute risk status.

It seems justified to suggest that echocardiography in particular, and even carotid

ultrasound, should be performed in these patients. It should be noted that the presence

of other evidence of target organ damage, including hypertensive retinopathy and

proteinuria, automatically puts the patient in a high risk category using either WHO-

ISH criteria or those advocated by JNC VI  3.

Of all measures of end organ damage, silent myocardial ischemia is conceptually

most close to a cardiovascular clinical end point and may even be considered as a

sign of actual coronary heart disease. As discussed in chapter 4, silent ischemia can
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be considered to reflect an imbalance between supply and demand. We showed that

in an elderly hypertensive group of patients, silent myocardial ischemia was found in

12% of patients 4. This is a lower than expected prevalence of silent ST segment

depression. Our population survey had a relatively low attendance rate of 33%, due

to extremely bad weather. So, maybe relatively healthy persons had their blood pres-

sure taken and this might explain the lower than expected prevalence of silent myo-

cardial ischemia. However, these patients with silent myocardial ischemia showed an

increased intima media thickness (IMT) and more arterial plaques, compared to pa-

tients without silent ischemia. Moreover, there was an increased pulse pressure in

patients with silent ischemia compared to patients without silent ischemia. Cardiac

demand factors, like left ventricular mass, heart rate and blood pressures were not

significantly different between patients with and without silent ischemia. But, the

severity of myocardial ischemia, expressed as ischemic burden, was mainly deter-

mined by cardiac demand factors, since increased left ventricular mass rather than

vascular abnormalities was associated with the extent of transient ST segment de-

pression. Therefore, the threshold for ischemia to develop depends mainly on vascu-

lar supply factors in older hypertensives, while cardiac demand factors mainly deter-

mine the extent of the ischemia.

In chapter 5 the interrelationship of age, blood pressure and IMT in different popula-

tions has been explored. The carotid, merely an elastic artery, and the more muscular

femoral arteries in several age groups were evaluated. These populations included

young adolescents, normotensive adults and adults of comparable age with coronary

artery disease. We showed that B-mode ultrasound studies can provide information

on IMT distributions in apparently healthy as well as high risk populations. The data

present atherosclerosis as a generalized disease of vascular walls with artery specific

differences in increase in arterial wall thickness with age and cardiovascular risk. In

arterial locations with pre-existing thick arterial walls, the presence of plaques was

greatly increased. Since IMT is a valid marker for atherosclerosis, locations with the

highest estimated progression are most informative concerning prevalence and inci-

dence of clinical events. Concerning our findings, the common femoral artery should

therefore always be included in B-mode ultrasound atherosclerosis studies and drug

trials.

In chapter 6, we studied the effects of amlodipine and lisinopril on intima media

thickness in the carotid and femoral artery. Amlodipine and lisinopril have similar

effects on the combined IMT of the carotid and femoral artery in elderly hypertensive

patients after 2 years of treatment. The difference between calcium channel antagonists
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and ACE inhibitors was particularly related to type of artery: elastic versus muscular.

Especially in the common carotid artery, the calcium channel blocker but not the

ACE inhibitor produced a significant reduction of IMT after 2 years of treatment.

The common carotid artery is usually relatively not affected by atherosclerosis.

Therefore, we speculate that this effect on IMT was due to a reduction of growth of

the medial layer. Possibly, a diminished tensile stress due to amlodipine played a

role. Amlodipine and lisinopril might have caused differences in local heamodynamics,

shear and tensile stress within the carotid artery.

In chapter 7 the short-term (half year) effects of long acting nifedipine on the intima

media thickness (blinded measurement of baseline and intervention recordings), in

middle-aged patients with hypertension and hypercholesterolemia were described.

This work nicely illustrates the interaction between multiple risk factors and IMT.

The change of IMT showed a significant relation with blood pressure reduction. The

endpoint measurements were done in a blinded fashion. Therefore, the IMT reduction

can be considered an effect of blood pressure lowering, since normally the IMT is

stable or increases over time.

In the same group after 26 weeks, a double blind placebo controlled study with

simvastatin versus placebo was explored in chapter 8. Simvastatin tended to decrease

left ventricular mass (P=0.0548). On the other hand, the addition of simvastatin to

nifedipine did not have a beneficial effect on intima media growth. Also concerning

extent of plaques no difference was seen between simvastatin versus placebo. These

results suggest that beneficial cardiovascular remodeling on simvastatin is difficult

to detect once the heart and vessel wall have undergone major changes after previous

antihypertensive treatment.

In chapter 9, the literature concerning the influence of drug treatment on intima media

thickness is being reviewed. IMT measurement is a non-invasive diagnostic tool to

detect (asymptomatic) atherosclerosis of superficial arteries. Studies in which patients

were treated with lipid-lowering drugs showed the expected improvement of the blood

lipid profile to be associated with regression of the IMT of the carotid artery. The

beneficial therapeutic effect became evident after one year of treatment. The carotid

IMT and coronary arteries react differently to treatment. One study, the CLAS

(Cholesterol Lowering Atherosclerosis Study), found a relationship between IMT

progression rate and the appearance of cardiovascular events 5. However, the wide

range of treatment-induced changes in IMT, does not support the use of IMT in an

individual patient to monitor treatment effects. Nevertheless, IMT measurements are
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valuable in risk assessment in the individual patient in clinical practice since increased

IMT is an independent cardiovascular risk factor.

In chapter 10, we showed that the natriuretic peptides ANP and BNP are not

significantly different between hypertensive patients and a matched normotensive

group. This implies that these natriuretic peptides are not useful in the prediction of

heart failure in asymptomatic patients with hypertension. On the other hand, increased

left ventricular mass was associated with increased BNP. Moreover, logistic regression

analysis identified the diastolic function parameters IVRT and E/A ratio as related to

BNP but not to ANP.

In chapter 11 the long term effects of amlodipine and lisinopril on left ventricular

mass and diastolic function in a group of elderly newly diagnosed hypertensive persons,

previously studied in chapters  4, 6 and 11, were described. This long-term study, the

ELVERA trial, proves that amlodipine and lisinopril reduce left ventricular mass and

improve diastolic function to a similar extent in elderly newly diagnosed hypertensive

patients 6. Our findings confirm the outcome of the meta-analyses of Schmieder and

Fagard  suggesting equal efficacy of ACE inhibitors and calcium antagonists on left

ventricular mass 7,8. All antihypertensive drugs will reduce left ventricular mass to a

similar extent, provided that blood pressure is equally lowered 9. Nevertheless,

differences between blood pressure lowering drugs may exist with respect to other

end points like stroke. In the recently LIFE (Losartan Intervention For Endpoint

reduction) study, losartan significantly decreased the risk of stroke in hypertensive

patient with LVH and atrial fibrillation compared to atenolol, while similar blood

pressure reductions were achieved 10. This effect cannot be explained by a reduction

in blood pressure alone and is likely to involve interactions with the diverse biological

actions of the renin-angiotensin system 11,12.
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Detection of microalbuminuria is not recommended by guidelines for the stratification

of risk in hypertensive patients unless diabetes mellitus is diagnosed. As shown in

chapter 12 even at lower than normally accepted threshold values for

microalbuminuria, in hypertensive patients microalbuminuria is associated with more

marked end organ damage. This suggests that elderly hypertensive patients with

microalbuminuria should be considered as having a condition of high risk.

It remains to be investigated whether hypertensives with microalbuminuria are different

from hypertensives without microalbuminuria with respect to their propensity to

develop end organ damage. For this, longitudinal studies are needed. The fact that in

the present study, smoking as well as systolic blood pressure were significantly and

independently related to microalbuminuria suggests that microalbuminuria does not

necessarily predict end organ problems and hence morbidity and mortality. On the

other hand, microalbuminuria is associated with endothelial dysfunction and vasomotor

abnormalities, which, in turn, may form the basis for vascular remodeling and coronary

vascular, cerebrovascular or peripheral vascular events. If so, the early detection of

microalbuminuria in hypertensive patients might become useful for the identification

of patients who should be investigated further.

At present, the use of echocardiography and/or carotid and femoral ultrasound in

patients with uncomplicated grade 1 hypertension have not been advocated as routine

procedures, largely on the basis of cost-benefit analysis. However, the present thesis

as well as the APROS study indicate that current risk assessment methods, based on

Framingham risk equations may grossly underestimate the risk because patients

classified as uncomplicated grade 1 hypertensive patients can suffer from unsuspected

LVH as well as other sub clinical disease, such as carotid artery intima media

thickening.

If one argues that there is no evidence for treating high normal blood pressure, this is

in fact true if one considers only those drug trials that used blood pressure rather than

other high risk features as the main criteria for entry into the study. However, two

studies involving the use of antihypertensive drugs, namely the Heart Outcomes

Prevention Evaluation (HOPE) and the Perindopril protection against recurrent stroke

study (PROGRESS) have demonstrated significant benefit in terms of cardiovascular

event reduction by targeting high risk rather than high blood pressure per se. Patients

in HOPE study had mean baseline blood pressure of 139/79 mmHg and treatment

with ramipril significantly reduced the rates of death, myocardial infarction and stroke
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across a broad range of high risk patients 13. In PROGRESS, combination treatment

with perindopril and indapamide caused similar relative reductions in stroke event

rates among hypertensive and non hypertensive subgroups that had mean baseline

blood pressure of 159/94 and 136/79 mmHg, respectively 14. Re-analysing data from

the HOPE study and PROGRESS to look specifically at individuals with high normal

blood pressure may provide more conclusive evidence that these individuals derive

significant cardiovascular benefit from blood pressure lowering treatment, or whether

independent effects beside blood pressure reduction by these agents exist.

The significance of end organ damage measurements in mild hypertension is clear.

Therefore, new cardiovascular risk scores should include measurements of left

ventricular mass and intima media thickness. Using these tests may enhance cost-

benefit of antihypertensive treatment in patients considered to have a low risk on the

basis of standard criteria. Clear cut-off points and consensus for echocardiographic

left ventricular hypertrophy are however needed. Also, the discriminating power of

IMT can be improved in the future using newer ultrasound machines able to detect

IMT even more accurately. Whether or not microalbuminuria should be implemented

in these new scores remains to be investigated, but the PREVEND study will give

new insights in the role of microalbuminuria in this respect 15. For the future,

intervention studies with end organ damage measurements like echocardiographic

left ventricular mass, intima media thickness, silent myocardial ischemia  and

microalbuminuria in hypertensive patients are warranted.
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 Chapter 14

Samenvatting

Voor de behandeling van hoge bloeddruk geldt dat recente richtlijnen aangeven dat

medicamenteuze behandeling niet uitsluitend op de bloeddruk gebaseerd moet zijn,

maar op het totale cardiovasculaire risico. Volgens de richtlijnen van de World Health

Organization en de International Society of Hypertension kan het globale

cardiovasculaire risico ingedeeld worden in vier klassen: laag, gemiddeld, hoog en

zeer hoog. In deze risicostratificatie zijn niet alle risicofactoren voor hart- en

vaatziekten opgenomen. Zo is bijvoorbeeld de familiare predispositie voor hart- en

vaatziekten onder het zestigste levensjaar niet opgenomen in beide risicostratificatie

scores. Bij personen met fors verhoogde bloeddruk en een zeer hoog risico voor hart-

en vaatziekte dient direct gestart te worden met medicamenteuze behandeling. Ook

bij personen met een milde hypertensie, maar met drie of meer risicofactoren en/of

diabetes mellitus, dient medicamenteuze behandeling gestart te worden. Personen

die reeds orgaanschade hebben ontwikkeld door hypertensie, hebben ook een hoog

risico op het krijgen van hart en vaatziekte. Deze personen dienen goed behandeld te

worden, omdat hun risicoprofiel aangeeft dat ze een kans hebben van 20% op het

ontwikkelen van hart- en vaatziekte in de komende 10 jaar. Bij personen die in een

lage risicogroep vallen (kans op een hart- en vaatziekte van < 20% in de komende 10

jaar) hoeft de hoge bloeddruk niet direct behandeld te worden en kan men bij deze

mensen een expectatief beleid volgen.

In dit proefschrift worden de relaties beschreven tussen verschillende vormen van

orgaanschade, die onder andere ten gevolge van hypertensie tot stand zijn gekomen.

De onderlinge relatie tussen bloeddruk en linker ventrikel massa en intima media

dikte is matig, maar indien er orgaanschade aanwezig is, is dat een sterke prognostische

marker voor toekomstige cardiovasculaire aandoeningen. Het is dus belangrijk om te

weten of er orgaanschade aanwezig is bij personen met hoge bloeddruk, en juist bij

personen die een licht verhoogde bloeddruk hebben. Voor deze laatste groep geldt,

dat indien er orgaanschade gevonden wordt, personen in een hogere risicogroep vallen

en dat daarmee juist wel behandeling geïndiceerd is. Momenteel worden deze mensen

vaak niet behandeld.

Van alle vormen van orgaan schade is stille myocardischemie een gecombineerd

klinisch eindpunt. In hoofdstuk 4 wordt de relatie beschreven tussen de zuurstofvraag

en het zuurstofaanbod alsmede het voorkomen van ST segment depressie, een
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aanwijzing voor myocardischemie. Ons onderzoek bij oudere hypertensie patiënten

laat zien, dat een van de acht hypertensie patiënten stille myocardischemie heeft. Het

blijkt verder dat met name vasculaire factoren, zoals een verdikte intima media wand,

verantwoordelijk lijken voor het ontstaan van stille ischemie, terwijl de zuurstofvraag,

zoals de grootte van de linker ventrikel massa verantwoordelijk is voor de ernst van

de myocardischemie.

In hoofdstuk 5 wordt de relatie tussen leeftijd, bloeddruk en intima media dikte

beschreven in verschillende populaties. De arteria carotis, die met name een elastische

arterie is en de arteria femoralis, met name een musculeuze arterie, worden gemeten.

De data laten zien dat atherosclerose een gegeneraliseerde ziekte is. Tevens laten we

zien dat de arteria femoralis meegenomen dient te worden bij studies die kijken naar

het proces van atherosclerose en het effect van medicamenteuze interventie op dit

proces.

In hoofdstuk 6 worden de effecten beschreven van de calcium antagonist amlodipine

en de ACE – remmer lisinopril op de intima media dikte. Het blijkt dat amlodipine en

lisinopril vergelijkbare effecten hebben op de gecombineerde vaatwanddikte. Kijkt

men echter naar de verschillende segmenten van de arteria carotis en de arteria

femoralis, dan heeft amlodipine een groter effect op de intima media dikte van de

arteria carotis communis. Dit segment van de arteria carotis is vaak niet aangedaan

door atherosclerose. Derhalve lijkt het antihypertensieve effect met name gelegen in

de media van de vaatwand.

In hoofdstuk 7 beschrijven we de middellange termijn effecten van een andere cal-

cium antagonist, nifedipine, op de intima media dikte bij mensen met een combinatie

van milde hypercholesterolemie en hypertensie. Het blijkt dat reeds na een half jaar

behandeling met nifedipine, de intima media dikte significant wordt verminderd. Deze

relatief vroege effecten van bloeddrukverlaging op de intima media dikte lijken met

name veroorzaakt te worden door vermindering van de mediahypertrofie die vaak bij

hypertensie gezien wordt. Bij dezelfde groep mensen is na een half jaar behandeling

gestart met simvastatine versus placebo behandeling voor de duur van twee jaar. De

effecten van simvastatine worden beschreven in hoofdstuk 8. Het blijkt dat het

toevoegen van simvastatine naast nifedipine geen effect heeft op de vaatwanddikte.

Deze was al afgenomen na een half jaar bloeddruk behandeling. Echter, er was een

trend naar afname van de linker ventrikel massa bij mensen die behandeld werden

met simvastatine, vergeleken met de placebogroep. De verklaring hiervoor zou kunnen

zijn, dat mensen die ten gevolge van simvastatine een goed cholesterol hadden kregen
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een verbeterde arteriële compliantie ontwikkelden en daardoor een verminderde

afterload hadden.

In hoofdstuk 9 beschrijven we vervolgens de invloed van verschillende

antihypertensieve medicamenten op intima media dikte. De conclusie luidt dat IMT

een waardevolle aanvulling is voor de classificatie van risico voor hart- en vaatziekte.

In hoofdstuk 10 laten we zien welke waarde de atriale en ventriculaire natriuretische

peptiden hebben bij hypertensie. Van met name brain natriuretic peptide (BNP), die

gesecerneerd wordt door de ventrikels ten gevolge van onder andere verhoogde rek,

is bekend dat dit een vroege marker is voor het ontwikkelen van hartfalen. Bij oudere

hypertensie patiënten, die asymptomatisch waren, vonden we een duidelijke relatie

tussen linker ventrikel massa en brain natriuretic peptide. Echter, de concentraties

van BNP in onze groep patiënten was laag, zodat deze peptiden als voorspeller voor

hartfalen in asymptomatische patiënten met hoge bloeddruk niet bruikbaar lijken.

De effecten van amlodipine en lisinopril op de linker ventrikel massa worden

beschreven in hoofdstuk 11. Dezelfde groep patiënten is ook reeds beschreven in

hoofdstuk 4 en 6. Deze studie, de ELVERA trial, laat zien dat amlodipine en lisinopril

niet van elkaar verschillen wat betreft reductie van linker ventrikel massa. Dit komt

overeen met recente meta-analyses naar de effecten van bloeddrukverlagende

medicijnen op linker ventrikel massa. Als de bloeddruk goed behandeld wordt, dan

zal de linker ventrikel massa eveneens afnemen, ongeacht welk antihypertensivum

gebruikt wordt. In de onlangs gepubliceerde LIFE substudie (Losartan Intervention

For Endpoint reduction) was de kans op CVA lager bij de patiënten met linker ventrikel

hypertrofie en atrium fibrilleren die behandeld werden met losartan, een angio tensine

receptor blokker, dan bij degenen die behandeld werden met atenolol, een bètablokker.

Dit terwijl de bloeddrukreductie gelijkwaardig was in beide groepen. De interacties

in verschillende biologische werkingen van het renine angiotensine systeem zal hieraan

ten grondslag liggen.

In de stratificatie van hypertensie patiënten is de detectie van microalbuminurie nog

niet opgenomen. In hoofdstuk 12 wordt beschreven dat bij hypertensie patiënten met

microalbuminurie, zelfs bij grenswaarden lager dan de meest gangbare (20-300 mg/

24 uur), al significant meer eindorgaanschade gevonden wordt. Zo is de linker ventrikel

massa en de intima media dikte toegenomen in de groep hypertensie patiënten met

microalbuminurie in vergelijking tot de groep hypertensie patiënten zonder

microalbuminurie. Hiermee laten we zien dat hypertensie patiënten met
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microalbuminurie waarschijnlijk een hoger cardiovasculair risico lopen dan

hypertensie patiënten zonder microalbuminurie.

Tegenwoordig worden geen echocardiografische en vaatwandmetingen gedaan bij

ongecompliceerde hypertensie patiënten, met name op basis van kosten en baten

analyse. De vraag rijst of dit terecht is. In het huidige proefschrift en bij de APROS

studie wordt getoond dat de huidige risicostratificatie scores de kans op hart en

vaatziekte onderschatten. In de onlangs gepubliceerde HOPE (Heart Outcomes Pre-

vention Evaluation) studie werd duidelijk aangetoond dat het behandelen van hoog

risico patiënten met ramipril in significant minder plotse dood, myocardinfarct en

CVA resulteerde. Dit terwijl de gemiddelde bloeddruk 139/79 mmHg in de gehele

groep betrof. In de PROGRESS studie (Perindopril protection against recurrent stroke

study) werd eveneens aangetoond dat het behandelen van hoog risico patiënten

voordeel opleverde, ongeacht de hoogte van de bloeddruk.

De waarde van orgaanschade metingen bij milde hypertensie is duidelijk. Daarom

zullen er nieuwe risicoscores ontwikkeld moeten worden, waarin de linker ventrikel

massa en de intima media dikte opgenomen dienen te worden. Hiermee valt duidelijker

in te schatten welke patiënten met milde hypertensie behandeld dienen te worden en

bij welke patiënten een expectatief beleid gevoerd kan worden.
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Dankwoord

Het hoofdstuk dat in de meeste proefschriften het meest gelezen wordt, is toch wel

dat waarin menigeen wordt bedankt, die op zijn of haar manier heeft bijgedragen aan

het tot stand komen van het huidige boekwerk. Zo is het waarschijnlijk ook met dit

proefschrift. Zonder ook maar iemand tekort te willen doen, wil ik graag een aantal

mensen bedanken.
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vertrouwen. Beste Harry, ook al heb je je werkterrein verlegd naar Maastricht, ik kijk

met veel plezier terug op onze weliswaar spaarzame maar altijd waardevolle
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Ten derde wil ik dr. J.F. May bedanken. Beste Jo, ik kan niet aan de indruk ontkomen

dat je mij in het begin als een soort vaderlijke mentor hebt begeleid. Ik weet nog

goed, dat je mij in een van onze eerste gesprekken toevertrouwde dat ik wat meer

kwaadaardige trekken in mijn karakter mocht vertonen. Ik ben dan ook benieuwd, nu

het proefschrift afgerond is, of je me in die zin ook veranderd vindt. Ik bewonder je

loyaliteit, je superieure literatuurkennis en je rechtlijnigheid. Ik hoop dat je met Hinke

nog lang kunt genieten van het goede leven.

Verder wil ik dr. A.J. Smit bedanken. Beste Andries, jij staat aan de bakermat van dit

proefschrift. Ik ken je al sinds mijn tijd als student onderzoeker bij de vakgroep

fysiologie van Jaap Muntinga. Ik heb je leren kennen als iemand die relatief weinig

praat, maar wel altijd veel zegt. Als begeleider was je een onmisbare schakel voor het

huidige werk. Ik ben je ook zeer erkentelijk voor de uren die je meegedraaid hebt in

Winschoten en Scheemda, waar we onze eigen polikliniek hadden opgezet in de lo-

cale Groene Kruis gebouwen.

Als vijfde wil ik bedanken prof. dr. P.A. de Graeff. Beste Pieter, ook al was je vaak

niet de eerste die een manuscript van mij met correcties terugstuurde, je had meestal

wel goede commentaren. Het staat me nog bij dat je hebt aangeboden nog eens een
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partij tennis te spelen tegen mij. Zoveel lef moet beloond worden, en met de zomer

op komst en een afgeronde dissertatie moet hier toch tijd voor gevonden worden.

Tevens ben ik dank verschuldigd aan prof. dr. B. Meyboom – de Jong. Beste Betty,

bedankt voor je enthousiasme en het doorlezen van het manuscript. Je opmerkingen

heb ik terdege bij de hand genomen.

De leden van de beoordelingscommissie, prof. dr. W.H. van Gilst, prof. dr. R.O.B.

Gans en prof. dr. T. Thien, wil ik bedanken voor hun positieve commentaar op dit

proefschrift.

Prof. dr. D.J. van Veldhuisen, beste Dirk-Jan, bedankt voor je kennis over de
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