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Chapter 13

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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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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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




