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Abstract

Aim: To evaluate the effect of ACE inhibitor moexipril if added to combination therapy in patient with poorly controlled hypertension.

Patients: Four hundred twenty patients with hypertension treated with monotherapy or two dug combination without an ACE inhibitor or AII

antagonist and with blood pressure z140/90 mm Hg.

Design: Single-blind, multicenter, open, with a double-blind echocardiographic examination.

Methods: Basic cardiological examination including echocardiography was performed before including into the study. If the patient fulfilled

inclusion criteria, ACE inhibitor moexipril was added to the therapy and uptitrated according to BP values. BP measuring, clinical

examination, and basic laboratory were performed every month, echocardiography was repeated after 6 months.

Results: Sitting BP decreased from 161.43F12.84/96.72F7.74 mm Hg to 135.87F9.98/82.36F5.83 mm Hg ( pb0.0001), heart rate from

73.08F9.87 to 69.80F7.91 ( pb0.0001). Three hundred forty patients (81%) had BPd b90 mm Hg after 6 months. Left ventricle mass

decreased from 263.24F94.69 to 246.71F89.08 g ( pb0.0001), left atrium decreased from 39.78F5.40 to 38.89F4.98 mm ( pb0.0001), and

E/A ratio increased from 0.91F0.28 to 0.94F0.27 ( pb0.0005). Plasma cholesterol level decreased from 5.67F0.87 to 5.44F0.68 mmol/l

( pb0.0001) and plasma triglycerides decreased from 1.92F1.07 to 1.78F0.80 mmol/l ( pb0.001).

A greater effect on blood pressure reduction was observed in combination ACE-I+diuretics than in combination ACE-I+betablocker or

ACE-I+Ca blocker (statistically borderline). A statistically greater effect on left ventricle mass was observed if moexipril was added to a

diuretic than to Ca blocker ( p=0.02) or betablocker ( p=0.04).

Summary: ACE inhibitor moexipril added to combination therapy of hypertension had similar effect on blood pressure reduction and left

ventricle mass as in monotherapy trials. The most effective combination is ACE ihibitor+thiazide diuretic. A very small number of adverse

events was observed; cough was reported in 2.14% of patients. Decreased heart rate and improvement in lipid parameters were observed in

the whole group.
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1. Introduction

Correct detection and appropriate treatment of hyper-

tension is the cornerstone of prevention and treatment of

cardiovascular disease [7,25]. Nevertheless, the real sit-

uation remains rather frustrating and the rule of halves that
logy 100 (2005) 199–206
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was introduced several years ago applies here to promote

improvements in hypertension treatment:

– Rule no. 1: only half of hypertensive patients are

diagnosed.

– Rule no. 2: only half of the diagnosed hypertensive

patients are treated.

– Rule no. 3: only half of the treated hypertensive patients

reach normal blood pressure.

It means that 50% of hypertensive people are not aware

of their hypertension, 25% are aware of their hypertension

yet they are not treated, 12.5% are treated insufficiently,

and only 12.5% are treated effectively. This aid was

originally postulated for the criteria of hypertension

exceeding 160/95 mm Hg but recent research suggests,

however, that this applies even today yet for more strict

limits of 140/90 mm Hg (for diabetics or patients with

chronic kidney disease 130/80 mm Hg) that basically

indicates large advancement and success in diagnostics and

treatment of hypertension in the past 20 years. [13] The

recent U.S. data from patients b75 years have indicated

awareness in 70%, treatment in 59%, and control in 34%

[7]. The situation is worse in patients over 75 years, where

isolated systolic hypertension is the most common type of

high blood pressure [3,5,15].

How to improve rule no. 1? The mistake is not in the

patient but in physician. About 70% of general population

pays a visit to their general practitioner once a year;

approximately 90% of all people see their doctor at least

once every 5 years. Provided that blood pressure would be

measured at every office visit, the detection rate of hyper-

tension could reach 90% within 5 years.

Also, the issue of treatment (rule no. 2) and especially

effective treatment (rule no. 3) are in the hands of

physician. Majority of patients, when properly educated,

are ready to cooperate and comply and the physician’s

objective should be to select such treatment that would be

the least burden for the hypertensive patient. From the

view of hypertensive treatment, it means to select products

with:

– minimum adverse effects,

– long-term effect (that enables once daily dosing),

– they might have benefits on concomitant diseases beyond

the effect on hypertension,

– the least number of tablets per day.

Majority of modern drugs have similar spectrum of

adverse effects as they are usually class effects. When

selecting a drug from this point of view, we usually adhere

to known class contraindications. Long-term effect and

once-daily dosing can be found nowadays in several drugs

within each main class antihypertensive class [8,25]. When

considering concomitant diseases, the most frequent indi-

cations can be found for ACE inhibitors that are indicated in
all patients with heart failure, coronary artery disease,

diabetes mellitus, and history of stroke, etc. [1,4,10,11,18].

The last criterion—the least number of tablets per day—

is currently achieved by new combination products that

contain two or more active antihypertensive drugs. Large

clinical trials suggest that only 30–40% of patients will

reach effective control of blood pressure in monotherapy

and all others require combination therapy [6]. This

combination therapy is fully in the hands of physician;

however, he needs to discuss with the patient both the

strategy and the target, which is normal blood pressure

level. The data from HOT trial have suggested that 72% of

patients required combination therapy to reach target blood

pressure: in patients with target blood pressure b90 mm Hg,

it was 63%; in patients with target blood pressure b85 mm

Hg, 68% patients; and in target blood pressure N80 mm Hg,

74% of patients [6]. In the largest concluded antihyperten-

sive treatment trial so far (ALLHAT), after 5 years, 56.9%,

65.7%, and 60.3% patients were treated with antihyperten-

sive combination that were originally randomized to

monotherapy with chlorthalidone, amlodipine, and lisino-

pril, respectively [16,17].

Our study has attempted to answer the question how

moexipril 7.5–15.0 mg is effective in already treated

hypertensive patients whose blood pressure has not nor-

malized yet. Moexipril was not to replace current medi-

cation but was added in a combination with the current

medication.
2. Materials and methods

2.1. Trial design

Eligibility to the trial was met by patients who had been

treated for hypertension longer than 3 months with

monotherapy or antihypertensive combination that did

not include ACE inhibitor or AII-receptor blocker. Base-

line systolic blood pressure during this treatment must

have been N140 mm Hg and/or diastolic blood pressure

must have exceeded 90 mm Hg. The diagnoses required

essential hypertension, exclusion criteria included preg-

nancy, hyperkalemia over 5.8 mmol/l, several renal

insufficiency defined as serum creatinine level above 180

Amol/l, etc.

The study was carried out according to the principles of

the Declaration of Helsinki and approved by local ethic

committee. Informed consent was obtained from all

participating patients.

Before enrolment to the trial, blood samples were taken

for routine biochemical examination and ECG was recorded

by their attending physician. Subsequently, patients were

referred for echocardiography examination to a reselected

and contracted echocardiography laboratory where they

were investigated before entering the trial and 6 months

later. ECG and biochemical investigation were repeated also



Table 1

Overview of antihypertensive therapy in MORE trial

Antihypertensive agent Number

of patients

%

h-blockers in monotherapy 138 32.8

Diuretics in monotherapy 92 21.9

Calcium channel blocker in monotherapy 74 17.6

h-blockers+diuretics 51 12.1

h-blockers+calcium channel blocker 28 6.7

Diuretics+calcium channel blocker 22 5.2

h-blockers+diuretics+calcium channel blocker 15 3.6
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after 6 months. The physician performing echocardiography

investigation was not aware of which combination therapy

was used in the patient. Basic clinical and biochemical

investigation was also performed in the first and third

months.

The design of the trial is open label multicentric without

placebo arm, with all patients on active treatment; echo-

cardiography was single blinded.

The primary target of the trial was to evaluate the

efficacy and safety of moexipril treatment in combination

with other antihypertensive drugs and to evaluate the effect

of such combination therapy on the left ventricle mass

enlargement as determined by echocardiography.

The secondary target was to evaluate the effect of certain

biochemical parameters while on long-term therapy with

moexipril in combination with other antihypertensive

agents. Another secondary aim of the study was to compare

the effect on blood pressure and the left ventricle mass

when moexipril was added to various antihypertensive

agents.

Statistical analysis was performed with paired and

unpaired t-test, Mann–Whitney test for numeric parameters,

and v2 test for non-numeric values on a PC using the

Statistics and Excel software.

2.2. Trial participants

The trial was conducted in offices of 40 general

practitioners and internists throughout the Czech Republic.

2.3. Patients

The total of 426 patients were included, 6 patients did not

follow through—3 due to adverse effects and 3 due to

protocol breach—and they were not included to the final

analysis. A total of 420 patients were analyzed, 188 males

and 232 females, with mean age 61.5F10.71 years, mean

weight 81.98F14.86 kg, mean height 169.61 F8.61 cm,

mean weight of men was 88.13F13.06 kg, mean height

176.33F6.77 cm, mean weight of women 77.12F14.38,

mean height 164.14F5.61 cm. Positive family history was

present in 272 (64.7%) patients, mean duration of hyper-

tension was 93.09F83.95 months. History of myocardial

infarction was present in 64 (16%) patients, history of

angina pectoris in 119 (28.3%) patients, 109 (25.9%) had

diabetes mellitus, 43 (10.2%) had history of coronary artery

disease, and 276 (65.7%) knew of their high lipid levels or

had history of hyperlipidemia or it was detected at baseline

investigation.

Beta blockers were used in the treatment of 243 (58%)

patients, out of which 138 had beta blockers in monotherapy

and 105 in combination (51 with diuretics and 28 with

calcium channel blockers, 15 in triple combination).

Diuretics were used by 175 (42%) patients, out of which

51 in combination with beta blocker and 22 in combination

with calcium channel blocker (CAA). Calcium channel
blockers were used by 160 (38%) patients [dihydropyridine

type calcium channel blocker were used by 144 (90%)

patients, verapamil type by 15 (9%) and benzothiazepin

type by 1 (1%) patients]. The overview of baseline therapy

is shown in Table 1.

Besides, 287 (68.3%) patients used other than antihy-

pertensive medication, especially lipid-lowering drugs by

157 (37.3%) patients (statins 108, fibrates 49) and aspirin

149 (35.4%) patients.
3. Results

The primary end point, blood pressure, and echocar-

diography parameters are shown in Table 2. Secondary end

points, biochemistry results, and ECG are shown in Table

3. The effect of primary end point after moexipril addition

to diuretic is shown in Table 4. The effect of moexipril

addition to beta blockers on primary end point is shown in

Table 5. The effect of moexipril addition to calcium

channel blocker on the primary end points is shown in

Table 6.

Mean age of diuretic-treated patients was 61.34F10.76

years, mean systolic blood pressure reduction in sitting

patient following moexipril addition to diuretic was

27.00F13.90 mm Hg, mean diastolic blood pressure

reduction in sitting patient was 14.51F8.58 mm Hg,

and mean reduction of the left ventricle mass was

20.79F38.38 g.

Mean age of beta blocker-treated patients was

61.03F10.87 years, mean systolic blood pressure reduction

in sitting patients following moexipril addition to beta

blocker was 24.07F11.83 mm Hg, mean diastolic blood

pressure reduction was 14.41F7.48 mm Hg, and mean left

ventricle mass reduction was 17.34F28.89 g.

Mean age of CAA-treated patients was 63.42F9.75

years, mean systolic blood pressure reduction in sitting

patient following moexipril addition to calcium channel

blocker was 26.17F13.63 mm Hg, mean diastolic blood

pressure reduction was 14.2F8.76 mm Hg, and mean left

ventricle mass reduction was 14.64F31.89 g.

The difference between systolic blood pressure after

moexipril addition to diuretic versus beta blocker was 2.93



Table 4

Primary end point change after moexipril addition to a diuretic

Randomization Month 6 p

Parameter

sBP sitting (mm Hg) 161.59F12.68 134.59F9.92 b0.0001

dBP sitting (mm Hg) 96.93F7.74 82.35F5.78 b0.0001

HR sitting 73.56F9.25 69.53F7.82 b0.0001

sBP standing (mm Hg) 158.18F13.31 133.23F10.92 b0.0001

dBP standing (mm Hg) 95.11F8.89 80.8F7.48 b0.0001

PP sitting 64.65F12.72 52.15F8.94 b0.0001

PP standing 62.63F12.67 52.00F10.1 b0.0001

Workload sitting 11898F1935 9349F1341 b0.0001

Echocardiography

LA (mm) 39.81F5.55 39.04F5.39 0.002

LVDD (mm) 51.68F7.36 51.5F0.67 0.03

LVSD (mm) 36.34F7.55 35.51F7.74 0.04

IVSd (mm) 11.38F1.95 10.76F1.85 b0.0001

LVPWd (mm) 10.66F1.63 10.22F1.63 b0.0001

E/A (1) 0.86F0.29 0.90F0.29 b0.001

LVM (g) 267.42F92.43 246.63F83.89 b0.0001

LVMi (g/m2) 148.56F 51.37 137.02F46.6 b0.0001

sBP—systolic blood pressure; dBP—diastolic blood pressure; PP—pulse

blood pressure; HR—heart rate; LA—left atrium; LVDD—left ventricle

diastolic dimension; LVSD—left ventricle systolic dimension; IVSd—

interventricular septum diastolic dimension; LVPWd—left ventricle poste-

rior wall diastolic dimension; workload—blood pressure multiplied by heart

rate; LVM—left ventricle mass; LVMi—left ventricle mass index (per m2

body surface area).

Table 2

MORE trial primary end points

Randomization Month 6 p

Blood pressure parameters

sBP sitting (mm Hg) 161.43F12.84 135.87F9.98 b0.0001

dBP sitting (mm Hg) 96.72F7.74 82.36F5.83 b0.0001

HR sitting 73.08F9.87 69.80F7.91 b0.0001

sBP standing (mm Hg) 158.77F14.07 134.37F11.54 b0.0001

dBP standing (mm Hg) 95.09F8.66 81.49F7.22 b0.0001

PP sitting 64.81F12.39 53.5F9.22 b0.0001

PP standing 63.62F13.47 52.68F10.53 b0.0001

Workload sitting 11804F1965 9488F1389 b0.0001

Echocardiography

LA (mm) 39.78F5.40 38.89F4.98 b0.0001

LVDD (mm) 51.23F7.59 51.52F6.71 NS

LVSD (mm) 35.54F6.82 34.86F6.89 0.02

IVSd (mm) 11.19F2.13 10.71F1.98 b0.0001

LVPWd (mm) 10.56F1.87 10.20F1.82 b0.0001

E/A (1) 0.91F0.28 0.94F0.27 b0.0005

LVM (g) 263.24F94.69 246.71F89.08 b0.0001

LVMi (g/m2) 146.24F52.6 137.06F49.49 b0.0001

sBP—systolic blood pressure; dBP—diastolic blood pressure; PP—pulse

blood pressure; HR—heart rate; workload—blood pressure multiplied by

heart rate; LA—left atrium; LVDD—left ventricle diastolic dimension;

LVSD—left ventricle systolic dimension; IVSd—interventricular septum

diastolic dimension; LVPWd—left ventricle posterior wall diastolic

dimension; LVM—left ventricle mass; LVMi—left ventricle mass index

(per m2 body surface area).

Table 5

Primary end point change after moexipril addition to a beta blocker

Randomization Month 6 p

Parameter

sBP sitting (mm Hg) 160.17F11.57 136.1F9.13 b0.0001
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mm Hg (P=0.02), the difference in the left ventricle mass

reduction between those two groups was 3.45 g (NS).

The difference between systolic blood pressure follow-

ing moexipril addition to diuretic and calcium channel

blocker was 0.83 mm Hg (NS), the difference in left

ventricle mass reduction between those two groups was

6.15 g ( p=0.03).

The difference in systolic blood pressure reduction after

moexipril addition to calcium channel blocker and beta
Table 3

MORE trial secondary end points

Randomization Month 6 p

Laboratory parameters

Na (mmol/l) 140.54F3.42 140.41F3.46 NS

K (mmol/l) 4.36F0.42 4.44F0.44 0.0013

BUN (mmol/l) 6.19F1.56 6.25F1.50 NS

Creat (Amol/l) 90.7F15.39 91.89F15.43 0.008

Glu (mmol/l) 5.82F1.61 5.7F1.34 NS

Chol (mmol/l) 5.67F0.86 5.44F0.068 b0.0001

TG (mmol/l) 1.92F1.07 1.78F0.80 0.01

ECG

HR (�1) 71.42F10.0 69.48F8.51 b0.0001

PQ (ms) 162.76F27.96 163.16F28.55 NS

QRS (ms) 83.33F20.48 84.14F21.50 0.04

QT (ms) 381.46F47.89 377.13F44.58 NS

SL (mV) 28.08F10.04 27.98F10.34 NS

Mc Phie (mV) 29.77F9.24 29.47F9.20 0.009

Na—sodium; K—potassium; BUN—blood urea nitrogen; Creat—creati-

nine; Glu—blood glucose level; Chol—cholesterol; TG—triglycerides;

SL—Sokolow Lyon index; Mc Phie—Mc Phie index.
blocker was 2.1 mm HG (NS); the difference in left

ventricle mass reduction between those two groups was

2.7 g (NS).
dBP sitting (mm Hg) 97.00F7.57 82.53F5.80 b0.0001

HR sitting 71.8F10.17 69.17F7.97 b0.0001

sBP standing (mm Hg) 157.63F13.48 134.42F11.2 b0.0001

dBP standing (mm Hg) 95.28F8.64 81.79F7.37 b0.0001

BPPP sitting 63.36F11.31 53.55F8.63 b0.0001

BPPP standing 62.3F13.03 52.63F9.99 b0.0001

Workload sitting 11515.2F2011.9 9421.9F1366.8 b0.0001

Echocardiography

LA (mm) 39.92F5.36 39.11F5.05 b0.0001

LVDD (mm) 51.05F7.23 51.11F6.22 b0.001

LVSD (mm) 35.19F6.67 34.88F6.95 NS

IVSd (mm) 11.19F2.12 10.73F2.10 b0.0001

LVPWd (mm) 10.62F1.93 10.16F1.94 b0.0001

E/A (1) 0.90F0.30 0.95F0.27 b0.0001

LVM (g) 261.53F94.32 244.19F89.23 b0.0001

LVMi (g/m2) 145.29F42.4 135.66F49.57 b0.0001

sBP—systolic blood pressure; dBP—diastolic blood pressure; BPPP—

pulse blood pressure; HR—heart rate; LA—left atrium; LVDD—left

ventricle diastolic dimension; LVSD—left ventricle systolic dimension;

IVSd—interventricular septum diastolic dimension; LVPWd—left ventricle

posterior wall diastolic dimension; workload—blood pressure multiplied by

heart rate; LVM—left ventricle mass; LVMi—left ventricle mass index (per

m2 body surface area).



Table 6

Primary end point change after moexipril addition to a calcium channel

blocker

Randomization Month 6 p

Parameter

sBP sitting (mm Hg) 163.93F13.73 137.75F10.1 b0.0001

dBP sitting (mm Hg) 97.13F8.2 82.91F5.9 b0.0001

HR sitting 74.62F10.02 70.55F8.17 b0.0001

sBP standing (mm Hg) 162.27F15.88 135.65F12.25 b0.0001

dBP standing (mm Hg) 95.87F8.68 82.02F7.25 b0.0001

BPPP sitting 66.8F12.62 54.81F8.37 b0.0001

BPPP standing 66.54F14.24 53.46F10.65 b0.0001

Workload sitting 12229F2085 9721F1492 b0.0001

Echocardiography

LA (mm) 40.24F5.03 39.15F4.39 b0.0001

LVDD (mm) 51.24F8.15 52.48F6.95 bNS

LVSD (mm) 35.0F6.19 34.66F6.2 NS

IVSd (mm) 11.55F2.17 10.97F1.92 b0.0001

LVPWd (mm) 10.72F1.85 10.31F1.78 b0.0001

E/A (1) 0.89F0.27 0.91F0.25 NS

LVM (g) 274.79F98.35 260.16F92.76 0.0009

LVMi (g/m2) 152.66F54.64 144.53F51.53 0.0009

sBP—systolic blood pressure; dBP—diastolic blood pressure; PP—pulse

blood pressure; HR—heart rate; LA—left atrium; LVDD—left ventricle

diastolic dimension; LVSD—left ventricle systolic dimension; IVSd—

interventricular septum diastolic dimension; LVPWd—left ventricle poste-

rior wall diastolic dimension; workload—blood pressure multiplied by heart

rate; LVM—left ventricle mass; LVMi—left ventricle mass index (per m2

body surface area).

Table 7

Development of hypertension treatment guidelines

Guideline Year Leading idea

JNC I 1977 High-dosed diuretic

JNC II 1980 High-dosed diuretic

JNC III 1984 Low-dosed diuretic or beta blocker

JNC IV 1988 Low-dosed diuretic or beta blocker (ACE

inhibitor and calcium channel blocker as

alternatives)

JNC V 1993 Diuretics and beta blockers as first-line drugs;

ACE inhibitors and calcium channel blockers

as alternatives. Titration of single agent is

preferable.

JNC VI 1997 Individually tailored treatment, diuretics, and

beta blockers as the first-line drugs; ACE

inhibitors and calcium channel blockers as

alternatives; antihypertensive combination should

be step 2.

World Health

Organization

1999 Individually tailored antihypertensive treatment,

diuretics, beta blockers, ACE inhibitors, calcium

channel blockers, AII receptor antagonists, and

alpha-blockers are all equal.

JNC VII 2003 Individually tailored combination therapy,

diuretics, beta-blockers, ACE inhibitors, calcium

channel blockers, and AII antagonists are all

equal. If blood pressure is N20/10 mm Hg above
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The difference in pulse pressure reduction after moex-

ipril addition to diuretic or beta-blocker was 2.7 mm Hg

(12.5 resp 9.8 mm Hg, pb0.01), the difference in pulse

pressure reduction after moexipril addition to calcium

channel or beta-blocker was 2.2 mm Hg (12.0 after CAA,

pb0.01), no difference was seen between the combination

of moexipril and diuretic and moexipril+calcium channel

blocker.

The difference in the heart rate reduction following

moexipril addition to beta blocker was 2.6F7.66 beats per

minute, addition to diuretic 4.06F7.82 beats/min, to

calcium channel blocker 4.09F8.53 beats/min (P=0.03

diuretic vs. beta blocker, P=0.06 calcium channel blocker

vs. beta blocker, P=NS for diuretic vs. calcium channel

blocker). Among adverse effects, 13 (3%) patients

reported dry irritating cough and neither a single case of

clinically significant hyperkalemia nor a single case of

angioedema. All the other reported adverse effects (head-

ache, sleeplessness, weakness) did not exceed 1% incidence

rate.
goal blood pressure, consideration should be

given to initiating therapy with two agents, one

of which should be a thiazide-type diuretic.

ESH/ESC 2003 To initiate therapy either with low dose of a

single agent or with low dose combination of

two agents and the main benefits are due to

lowering (normalization) of blood pressure per se

JNC=Joint National Committee; ESH=European Society of Hypertension;

ESC=European Society of Cardiology.
4. Discussion

The fact that combination antihypertensive treatment is

the treatment of future has also been manifested in the

history of hypertension treatment guidelines (Table 7)

[8,23,25]. The table clearly reveals that a quarter century
ago the guidelines were based on high doses of diuretics and

later on beta blockers. The doses were gradually reduced

and the basic drug classes are to be selected as individually

tailored which means addressing concomitant diseases.

2003 ESH/ESC recommendations post the following as

the most effective combinations:

1. ACE inhibitor+diuretic.

2. ACE inhibitor+calcium channel blocker.

3. Beta blocker+diuretic.

4. Beta blocker+dihydropyridine calcium channel blocker.

JNC VII guidelines recommendation is diuretics+ACE

inhibitor or calcium channel blocker or beta blocker.

In the case of triple and multiple combinations, diuretic

agent should be always present [8].

Currently, the highest number of combination products

includes diuretic, which is the golden standard because of its

efficacy and cost effectiveness. Thiazide and similar

diuretics in low doses are used preferably because they

have demonstrated high efficacy in large mortality studies

such as STOP II or ALLHAT [16,17].

In the point of view of concomitant diseases, the most

beneficial drug for the combination is ACE inhibitor, which,
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besides hypertension, has a wide spectrum of other

indications including all forms of coronary artery disease

ranging from asymptomatic to heart failure patients,

diabetes mellitus both with and without kidney damage

and most likely also all patients needed a secondary

prevention of stroke [4,9,14,18,21,24]. Another indication

of ACE inhibitor or AII blocker treatment is the left

ventricle hypertrophy but also hypertension associated with

metabolic syndrome [2,4,8,22].

This is the first randomized study confirming that the

combination of diuretic+ACE inhibitor is more effective on

blood pressure control and left ventricle hypertrophy

regression than a combination of beta blocker+ACE

inhibitor or calcium channel blocker+ACE inhibitor. We

believe that low dose of thiazide diuretic would by the best

strategy for monotherapy and the combination thiazide

diuretic+ACE-I the best strategy for combination therapy in

most of our hypertensive patients.

Our study confirms that the addition of ACE inhibitor

moexipril to combination treatment results in the blood

pressure reduction, which has reached statistical signifi-

cance in all studied groups and subgroups (monotherapy,

double combination, and triple combination). When assess-

ing blood pressure reduction, significant difference was

observed in all subgroups between baseline (randomiza-

tion) and treatment month 6 in all cases on a highly

significant level ( pb0.001). However, the difference

between individual antihypertensive agents have been

observed; addition of moexipril to diuretic was associated

with significantly larger blood pressure reduction than

addition to beta blocking agent, which confirms the hypo-

thesized additive effect of combination ACE inhibitor+

diuretic agent.

Combination of moexipril+beta blocker was also asso-

ciated with the least reduction of heart rate by 2 beats per

minute unlike combination of moexipril+diuretic or moex-

ipril+calcium channel blocker where this reduction was as

twice as large.

Changes in the left ventricle mass have also their

rationale. Combination of moexipril+diuretic was the most

significant, most likely because moexipril is added to a

combination where the established antihypertensive agent

(diuretic) achieved only minimal regression of left ventricle

hypertrophy and there is also very likely activation of renin

angiotensin system unlike in other antihypertensives [23].

On the other side, addition of moexipril to dihydropyridine

was associated with rather limited reduction of the left

ventricle mass most likely because dihydropyridine had

directly influenced the left ventricle mass before the trial

commencement [7].

Combination of ACE inhibitors with diuretics has its

rationale. ACE inhibitors enhance sodium elimination and

reduce results of renin angiotensin system activation

induced by diuretics and partially compensate hypokalemia

induced by loop and thiazide diuretics. The patients treated

with large doses of diuretics (heart failure) with secondary
hyperreninemia may experience severe hypotension and

significant kidney function reduction after ACE inhibitor

institution; therefore, before starting such patients on ACE

inhibitor, it is feasible to reduce high doses of diuretics,

especially loop diuretics [14]. In the case of hypertension,

there is no reason to use high doses of diuretics and

therefore we have not experienced such phenomena.

Combination of ACE inhibitor+diuretic is the basic anti-

hypertensive combination recommended by both ESH/ESC

and JNC VII guidelines; it is a very effective combination

where both drug groups increase the effect of each other

[8,25].

Combination of ACE inhibitor and calcium channel

blocker is also very promising in the antihypertensive

treatment. Calcium channel blockers are effective vaso-

dilating agents and several older drugs of this class activate

the renin angiotensin system. Recent II and III generation

dihydropyridines are free of such property and therefore

combination with ACE inhibitors does not potentiate each

others effect but has additive influence [23]. Combination

of ACE inhibitor and calcium channel blocker is especially

beneficial in their renal action as they both affect vas

afferens as well as vas efferens utilizing different

mechanism of action, which in turn results in reduced

microalbuminuria. Meta-analyses of the left ventricle

hypertrophy clinical trials suggest that both these drug

groups have the largest effect on the left ventricle

hypertrophy regression. Based on our data, it appears that

the effect on left ventricle mass is no more additive and

the addition of ACE inhibitor to II and III generation

dihydropyridine is not associated with such left ventricle

mass reduction as when ACE inhibitor is started in

monotherapy or when it is added to an established diuretic

treatment.

In clinical practice, combination of ACE inhibitor and

beta blocker has suggested that such a long-term treatment

delays the left ventricle function impairment, heart failure

symptoms, and delays the need of heart transplant

[14,19,20]. Multicentric double-blind carvedilol trials,

CIBIS II (The Cardiac Insufficiency Bisoprolol Study)

and MERIT-HF (Metoprolol CR/XL Randomized Inter-

vention Trial in Heart Failure), clearly demonstrated the

reduction of total mortality, hospitalization rate, risk of

sudden death and heart failure progression after beta

blocker was added to ACE inhibitor [19,20]. When

assessing hypertension, such combination is not so

optimistic. Beta blockers reduce renin secretion and thus

may influence the capability of ACE inhibitors to reduce

both plasma and tissue concentration of angiotensin II

[25]. It can be, therefore, hypothesized that such a

combination will be less effective as to blood pressure

reduction [23]. Our study also suggested that the blood

pressure reduction following moexipril addition to estab-

lished beta blocker was lower than in other combinations.

However, this does not change the fact that such a

combination is optimal for all patients with coronary



Name Location

MUDr. Pavel Kolečkář Svitavy

MUDr. Marie Kotenová Havlı́čklv Brod

MUDr. Igor Máčel Nové Město na Moravě

MUDr. Zdeněk Hajný Žd’ár nad Sázavou

MUDr. Rlžena Emrová Pardubice

MUDr. Jiřı́ Procházka Pardubice

MUDr. Helena Štursová Havlı́čklv Brod

MUDr. Ladislav Bušák Louny

MUDr. Zdeněk Slavı́k Litvı́nov

MUDr. Petr Vondráček Rumburk

MUDr. Josef Tošovský Varnsdorf

MUDr. Ladislav Vencl Chomutov

MUDr. Jan Nosek Teplice

MUDr. Jaroslav Šı́pula Ostrava

MUDr. Marie Matoušková Ostrava

MUDr. Silva Matyášková Ostrava

MUDr. Jana Haltmanová Zábřeh

MUDr. Eva Krejčı́ Olomouc

MUDr. Eva Astlová Praha

MUDr. Hana Skalická Praha

MUDr. Blanka Sedlářová Praha

MUDr. Anna Jashari Brno

MUDr. Věra Janečková Brno

MUDr. Miroslav Klofera Brno
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artery disease and heart failure where it extends the life

expectancy [14,19,20].

In our study, we have observed the minimum incidence

of adverse effects reported. The most frequent clinical

adverse effect following the ACE inhibitor administration

was dry, irritating cough that was reported in 5–15% of

our trial, cough was present in 3% of patients and in 2

patients resulted in the withdrawal from the study. The

most frequent laboratory adverse effect was hyperkalemia,

which, however, reached clinical significance in less than

1% of patients and potassium level was increased usually

only by 0.2–0.4 mmol/l. In our study, we have not detected

a single case of clinically significant of hyperkalemia and

the serum potassium increase in our study was 0.12 mm/l,

which reached statistical but not clinical significance. The

most serious adverse effect reported is angioedema, which

in large clinical trials such as ALLHAT (The Antihyper-

tensive and Lipid-Lowering Treatment to Prevent Attack

Trial) or OCTAVE (Omapatrilat Cardiovascular Treatment

Assessment versus Enalapril) occurs in less than 0.5% of

patients and was not cause of death in one single case

among 20,000 patients treated with ACE inhibitors in these

two trials [16,17]. No case of angioedema was reported in

our trial.
MUDr. Karel Kamenı́k Brno

MUDr. Jitka Pokorná Brno

MUDr. Marta Klobásová Brno

MUDr. Ivana Pirochtová Brno

MUDr. Alena Hontelová Brno

MUDr. Josef Hrabovský Hustopeče

MUDr. Zdeňka Čejglová Kyjov

MUDr. Monika Hauptigová Liberec

MUDr. Dana Drbohlavová Turnov

MUDr. Jana Bergerová Praha

MUDr. Jiřı́ Chochola Praha

MUDr. Marie Žižková Praha

MUDr. Irena Kudrnovská Praha

MUDr. Michal Šı́stek Praha
5. Conclusion

Moexipril added to a combination antihypertensive

therapy demonstrated very good tolerability and efficacy.

The blood pressure reduction reached 15–20% of baseline

values; the left ventricle mass reduction was 7–10% after 6

months of treatment. The most promising combination when

assessing both blood pressure reduction and left ventricle

mass regression was combination of moexipril with a

diuretic.

MUDr. Bohuslava Svačinová Praha

MUDr. Jaroslav Šuch Plzeň
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