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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.
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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.



174

Chapter 11

REFERENCES

1. Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH: Relation of left ventricular

mass and geometry to morbidity and mortality in uncomplicated essential hypertension.

Ann.Intern.Med 1991;114:345-352

2. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP: Prognostic implications of

echocardiographically determined left ventricular mass in the Framingham Heart Study.

N.Engl.J.Med 1990;322:1561-1566

3. Levy D, Andersen KM, Savage DD, Kannel WB, Christiansen LC,Echocardiographically

detected left ventricular hypertrophy: prevalence and risk factors. Ann Int Med

1988;108:7-13

4. Casale PN, Devereux RB, Milver M: Value of echocardiography measurement in predic-

ting cardiovascular morbid events in hypertensive men. Ann Int Med 1986;105:173-8

5. Tingleff J, Munch M, Jakobsen TJ: Prevalence of left ventricular hypertrophy in a

hypertensive population. Eur Heart J 1996;17:143-9

6. Mancia G. Left ventricular hypertrophy and hypertension. Eur Heart J 1996;17:7-8

7. Van Den Hoogen PCW., Feskens EJM, Nagelkerk NJ, Menotti A, Nissinem A, Krowhout

D: The relation between blood pressure and mortality due to coronary artery disease

among men in different parts of the world. N Eng J Med 2000;342:1-8

8. Devereux RB. Hypertensie cardiac hypertrophy. Pathophysiologic and clinical

characteristics. Hypertension: Pathophysiology and Management. In: Laragh JH, Brenner

BM, eds. New York; Raven Press. 1990:359-77

9. Levy D, Salomon M, D’Agostino RB, Belanger AJ, Kannel WB: Prognostic implications

of baseline electrocardiographic features and their serial changes in subjects with left

ventricular hypertrophy. Circulation 1994;90:1786-93

10. Dahlof B, Pennert K, Hansson L: Reversal of left ventricular hypertrophy in hypertensive

patients. A metaanalysis of 109 treatment studies.  Am J Hypertens 1992;5:95-110

11. Cruickshank JM, Lewis J, Moore V, Dodd C: Reversibility of left ventricular hypertrophy

by differing types of antihypertensive therapy.  J Human Hypertens 1992;6:85-90

12. Schmieder RE, Martus P, Klingbeil A: Reversal of left ventricular hypertrophy in essential

hypertension. A meta-analysis of randomized double-blind studies. JAMA

1996;275:1507-1513

13. Fagard RH: Reversibility of left ventricular hypertrophy by antihypertensive drugs. Neth

J Med 1995;47:173-9

14. Liebson PR, Grandits GA, Dianzumba S, Prineas RJ, Grimm-RH J, Neaton JD, Stamler

J: Comparison of five antihypertensive monotherapies and placebo for change in left

ventricular mass in patients receiving nutritional-hygienic therapy in the Treatment of

Mild Hypertension Study (TOMHS). Circulation 1995;91:698-706

15. Fouad-Tarazi FM. Left ventricular diastolic dysfunction in hypertension. Curr Opin

Cardiol 1994;9:551-60

16. Devereux RB, Reichek N: Echocardiographic determination of left ventricular mass in

man.  Anatomic validation of the method. Circulation 1977;55:613-18

17. James JM: Which antihypertensive? Br J Clin Pract 1990;44:102-05

18. Gottdiener JS: Clinical trials of single-drug therapy for the cardiac effects of

hypertension. Am J Hypertens 1999;12:12S-18S



175

Long term effects of amlodipine and lisinopril

19. Kostis JB, Davis BR, Cutler J, et al: Prevention of heart failure by antihypertensie drug

treatment in older persons with isolated systolic hypertension. SHEP Co-operative

Research Group. JAMA 1997;278:212-16

20. Gottdiener JS, Reda DJ, Massie BM, Materson BJ, Williams DW, Anderson RJ: Effect

of single-drug therapy on reduction of left ventricular mass in mild to moderate

hypertension. For the VA Cooperative Study Group on Antihypertensive Agents.

Circulation  1997;95:2007-14

21. Pahor M, Guralnik JM, Corti MC, et al: Long-term survival and use of antihypertensie

medications in older persons. J Am Geriatr Soc 1995;43:1191-97

22. Devereux RB, Palmilari V, Bella JN, de Quattro V, Sharpe N, de Simgne G, Dahlof B:

Impact  of anti-hypertensive therapy on left ventricular mass, geometry and

hemodynamics in patients with left ventricular hypertrophy. The PRESERVE Trial.

Circulation 1998;98(Supplement 1):29 (Abstract)

23. Beltman FW, Heesen WF, Smit AJ, May JF, de Graeff GP, Havinga TK, Schuurman FH,

van der Veur VE, Lie KI, Meyboom-de JB: Effects of amlodipine and lisinopril on left

ventricular mass and diastolic function in previously untreated patients with mild to

moderate diastolic hypertension. Blood Press 1998;7:109-17

24. Dahlof B, Devereux R, de-Faire U, Fyhrquist F, Hedner T, Ibsen H, Julius S, Kjeldsen

S, Kristianson K, Lederballe PO, Lindholm LH, Nieminen MS, Omvik P, Oparil S,

Wedel H: The Losartan Intervention For Endpoint reduction (LIFE) in Hypertension

study: rationale, design, and methods. The LIFE Study Group. Am J Hypertens

1997;10:705-13

25. Otterstad JE, Simsett O, Kjeldsen SE: Hypertensive left ventricular hypertrophy:

pathophysiology, assessment and treatment. Blood Press 1996;5:5-15

26. Devereux RD, Dahlof B: Criteria for an informative trial of left ventricular hypertrophy

regression. J Hum Hypertens 1994;8:735-9

27. Devereux RD: Do antihypertensie drugs differ in their ability to regress left ventricular

hypertrophy? Circulation 1997;95:1983-85



176




