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Effects of Four Antihypertensive Monotherapies on Cardiac Mass and Function in
Hypertensive Patients with Left Ventricular Hypertrophy: Randomized Prospective
Study

Drago Rakiæ, Zvonko Rumboldt, Jugoslav Bagatin, Stojan Poliæ

Department of Internal Medicine, Split University Hospital and School of Medicine, Split, Croatia

Aim. To compare the effects of four antihypertensive drugs, which have reportedly different effectiveness in reducing
myocardial mass.

Methods. A randomized, double-blind, prospective study included 80 hypertensive patients with left ventricular (LV)
hypertrophy confirmed both electrocardiographically and echocardiographically. We investigated the effects of
indapamide, nicardipine, propranolol, and chlorthalidone on arterial blood pressure and LV mass and function.

Results. Sixty-four patients (34 men and 30 women) completed the 6-month study. No significant differences in
antihypertensive effects of the four medications were found. The average decrease in systolic and diastolic blood pres-
sure was 12.8% and 10.4%, respectively. All four antihypertensive medications caused pronounced reduction in LV
mass, between 7.9% in the propranolol group and 10.1% in the nicardipine group, with no significant difference be-
tween the groups. In patients receiving diuretics, predominant decrease was observed in LV mass and LV mass index.
In patients treated with propranolol, the thickness of both the LV wall and interventricular septum was reduced,
whereas the reduction in LV mass, LV wall and interventricular septum thickness was found in patients treated with
nicardipine. There was no significant correlation between the changes in LV mass and other variables (blood pressure,
and systolic and diastolic function). Systolic function did not improve with the reversion of LV hypertrophy in any
group of patients, but improvement was observed in some indices of diastolic function. The early and late LV filling ve-
locity and their ratio did not improve significantly, either. Clinically relevant side effects were not observed.

Conclusion. All four antihypertensive monoterapies achieved a comparable control of hypertension and reduction in
LV hypertrophy.
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Left ventricular hypertrophy, as diagnosed by
electrocardiography (ECG) (1) and ultrasound (2), is
associated with increased cardiovascular morbidity
and mortality (1-3), increased risk of coronary heart
disease (1,4), heart failure (5), sudden death (6), and
ventricular arrhythmias (7). In hypertensive patients
with left ventricular hypertrophy, systolic function re-
mains preserved for a while (8), whereas diastolic
dysfunction develops sooner (9).

Most antihypertensives reduce left ventricular
mass in hypertensive patients with left ventricular hy-
pertrophy, but they are not all equally effective, even
when blood pressure reduction is comparable. For in-
stance, vasodilator drugs lack this effect, whereas an-
giotensin-converting enzyme (ACE) inhibitors, cal-
cium antagonists, and beta-blockers reduce left ven-
tricular hypertrophy (10,11). The claims that diuretics
do not reduce left ventricular mass are rare (12), and
there is more evidence that under these circum-
stances left ventricular mass reduction exceeds the

wall thinning (10,13). Indapamide also causes the re-
duction in left ventricular mass (14). Beta-blockers
mostly reduce left ventricular wall thickness and im-
prove systolic function, but their effect on diastolic
function is controversial (10,11,15). Calcium channel
blockers reduce left ventricular mass and improve
myocardial relaxation, ie, diastolic function (11,16).

Because of such discordant findings of published
reports, the aim of this study was to compare the ef-
fects of indapamide, nicardipine, propranolol, and
chlorthalidone on arterial blood pressure and left ven-
tricular mass and function in hypertensive patients
with left ventricular hypertrophy.

Patients and Methods

Patients

Eighty inadequately treated or newly discovered hyperten-
sive patients of both sexes, aged between 20 and 75 years, with
diastolic blood pressure of 95-115 mm Hg and ECG evidence of
left ventricular hypertrophy (17) were recruited in a randomized,
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double-blind, prospective clinical study with between-group and
within-group comparisons. The defined criteria for antihyperten-
sive drug evaluation were applied from the beginning of the
study (18). After obtaining informed consent, a detailed medical
history was taken from each patient and physical examination
performed, including blood pressure measurements and standard
ECG. Echocardiographic examination was performed during a
two-week placebo run-in period. Patients with definite left ven-
tricular hypertrophy (left ventricular mass index >134 g/m2 in
men, and >110 g/m2 in women) (19,20) were included in the
study and randomized (sealed envelopes containing drugs�
names) in four groups. The first group received indapamide, 2.5
mg once daily; the second group received nicardipine 20 mg
thrice daily; the third group received propranolol 40 mg thrice
daily, and the fourth group received chlorthalidone, 25 mg once
daily, during 6 months. After the first, third, and sixth month (la-
beled as M1, M3, and M6), patients had their blood pressure and
heart rate measured. Echocardiographic examination was per-
formed at the beginning and at the end of the study (at M0 and
M6) (Fig. 1).

Methods

Blood pressure was measured on the right upper arm with a
mercury sphygmomanometer in the supine position and ex-
pressed in mm Hg. Out of 3 measurements, the mean value of
the last two was recorded on the basis of the first and fifth phase
of the Korotkoff sounds for systolic and diastolic pressure, respec-
tively. The same investigator performed all the measurements, al-
ways between 8 and 10 a.m. In addition, at the beginning of the
study, 20 patients divided in four groups with five patients each,
had their blood pressure recorded continuously (ambulatory
blood pressure monitoring, ABPM) over a 24-h period in 30-min
intervals with an automatic device (SPS 1558; Sandoz Pharma,
Basle, Switzerland).

Romhilt-Estes point score system was used in ECG evalua-
tion of left ventricular hypertrophy (17). Echocardiographic exam-
inations were performed on Ultramark 8, Advantage technology
laboratory (ATL, Solingen, Germany) instrument with a 3 MHz
transducer, a parasternal short axis view, and M-mode cursor po-
sitioned at two-dimensional image. Patients were lying on their
left side, with the head of the bed elevated at 30°. At least 5 car-
diac cycles were recorded at a speed of 50 mm/s. According to
the Penn convention (19), the left ventricular internal diameter
was measured at the end of systole and diastole, whereas the
thickness of the interventricular septum and left ventricular poste-
rior wall were measured at the end of diastole, during expiration,

just below the mitral valve leaflet. These data were used to calcu-
late left ventricular mass, left ventricular mass index (g/m2 of the
body surface), and systolic function parameters: ejection fraction
(EF) and left ventricular fractional shortening (FS%) (19,20). Left
ventricular hypertrophy was diagnosed when left ventricular
mass index was greater than 134 g/m2 in men and 110 g/m2 in
women (19). The left ventricular diastolic function was assessed
with Doppler ultrasound by measuring isovolumetric relaxation
time (IVRT; the time interval between the clicks of aortic valve
closure and mitral valve opening), maximum early left ventricular
filling velocity (peak E), maximum atrial left ventricular filling ve-
locity (peak A), their ratio (E/A), and deceleration time (DT) of the
E wave (21). Echocardiographic examinations were performed by
two investigators: D.R. (80%) and S.P. (20% of the interventions).
Both investigators were blinded to the studied antihypertensives,
earlier echocardiograms, and other patient data.

The untoward effects noticed either by the investigators or
by patients, reporting when asked or spontaneously, were re-
corded on a special list.

Statistical Analysis

The results were tabulated and presented as arithmetic
means with 95% confidence intervals (CI). Kruskal-Wallis or
Friedman`s analysis of variance, Wilcoxon`s two sample, and
Mann-Whitney test were used where appropriate, with signifi-
cance level set at p<0.05 (22). For multiple regression analysis of
changes in left ventricular mass index vs blood pressure and for
graphics, StatWorks computer program for Macintosh and Micro-
soft Excel 2000 for PC were used.

Results

Baseline Characteristics

Out of 80 patients included in the study (34
women and 46 men), 64 completed the trial (30
women and 34 men): 16 indapamide, 17 nicardipine,
15 propranolol, and 16 chlortalidone (Fig. 1). The
mean±SD age of the patients who concluded the
study was 50.4�10.0 years, and their mean±SD body
mass was 82.7�9.2 kg. There were no severe side ef-
fects to require exclusion from the study.

No significant differences in demographic and
echocardiographic data between the groups were ob-
served at the beginning of the study (Table 1). The av-
erage left ventricular mass was 294 g (95% CI,
276-312), and the mean left ventricular mass index
was 153 g/m2 (95% CI, 136-171 ) for all. There were
no significant differences between the groups in left
ventricular mass, which ranged from 305 g (95% CI,
250-360) in the group receiving propranolol to 281 g
(95% CI, 247-315) in patients receiving chlor-
thalidone (p=0.26). Differences in systolic and dia-
stolic blood pressures between the groups were also
not significant, either: systolic pressure ranged from
180.0 mm Hg (nicardipine group) to 187.5 mm Hg
(propranolol group) (p=0.42), and diastolic blood
pressure ranged from 106.8 mm Hg (indapamide and
nicardipine groups) to 108.8 mm Hg (propranolol)
(p=0.60). The same was true for the ventricular per-
formance indexes (Table 1).

Antihypertensive Effects

After a month, a significant decrease in blood
pressure was observed in all the groups, with the
downward trend continuing until the end of the study
(Table 2). Average decrease in systolic pressure for all
patients was 12.8%, and 10.4% in diastolic pressure
(p<0.001). The antihypertensive effect was almost
the same in all groups (Table 2). On average, the larg-

Rakiæ et al: Comparison of Four Antihypertensive Monotherapies Croat Med J 2002;43:672-679

673

Physical examination,
blood pressure, ECG, echocardiography

Randomization

Nicardipine
3×20 mg

n=20

Propranolol
3×40 mg

n=20

Chlorthalidone
1×25 mg

n=20

Indapamide
1×2.5 mg

n=20

Drop out:
LF:2
CD:1
BP:1

Drop out:
NC:1
LF:2

Drop out:
NC:2
LF:3

Drop out:
LF:1
CD:2
BP:1

Analyzed: 16 Analyzed: 17 Analyzed: 15 Analyzed: 16

En
ro

lm
en

t
A

ll o
ca

tio
n

Fo
llo

w
-u

p
A

na
l y

si
s

Figure 1. Flow chart of the patients in the study. NC – non-
compliance, LF – failure to undergo examinations in early
phase of study, CD – development of serious concomitant
disease, BP – unsatisfactory blood pressure, ECG – electro-
cardiography.



est decrease in systolic pressure was recorded in the
propranolol group (15.4%), whereas the smallest was
noted in the group receiving indapamide (11.5%).
The decrease in diastolic pressure ranged from 9.5%
in the indapamide group to 13.0% in the propranolol
group.

Effect of Antihypertensives on Left Ventricular
Wall Thickness and Mass

Left ventricular mass, left ventricular mass index,
and left ventricular wall thickness changed from the
start to the end of the study (Table 3). Significant left
ventricular mass reduction, ranging from 7.9% to
10.1%, was observed in all groups. The average abso-
lute reduction in left ventricular mass at the end of the
study was 26.4 g or 8.7%, ranging from 24.2 g (95%
CI, -0.6-48.9) in the propranolol group to 29.1 g (95%
CI, 13.5-44.7) in the nicardipine group, which is a
7.9-10.1% decrease compared with left ventricular
mass 6 months earlier (p<0.05; Fig. 2). In patients
treated with indapamide and chlorthalidone, left ven-

tricular mass and left ventricular mass index were
more reduced than the left ventricular wall thickness.
In patients receiving nicardipine, left ventricular wall
thickness and mass parameters decreased signifi-
cantly. Examinees taking propranolol demonstrated
significantly thinner interventricular septum at end di-
astole (IVSd) and left ventricular posterior wall thick-
ness in diastole (LVPWd), whereas the observed de-
crease in left ventricular mass and left ventricular
mass index was of borderline statistical significance
(p=0.05 and p=0.06, respectively; Table 3). The left
ventricular internal diameter at end diastole (LVIDd)
increased by approximately 2% in the propranolol
group, and decreased by 2-3% in other groups, with
no significant differences between them (Table 3).

Effects on Heart Performance

Some parameters of left ventricular diastolic
function (DT) improved significantly in chlorthalido-
ne and propranolol groups, whereas the parameters
of systolic left ventricular function (ejection fraction –
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Table 1. Baseline values (mean, 95% CI) of parameters measured in 64 patients with left venticular hypertrophy allocated to 4
treatment groups

Treatment group
Parametera indapamide nicardipine propranolol chlorthalidone pb

Sex (women/men) 7/9 8/9 6/9 9/7 0.83
Age (years) 51.2 (46.6-55.8) 52.6 (48.5-56.7) 47.0 (40.1-53.9) 50.8 (45.8-55.8) 0.16
Body weight (kg) 83.6 (79.1-88.1) 82.2 (76.8-87.6) 84.2 (79.5-88.9) 80.8 (75.8-85.8) 0.67
Systolic blood pressure (mm Hgc) 186.8 (179.0-194.0) 180.0 (173.0-187.0) 187.5 (177.0-198.0) 184.9 (174.0-195.0) 0.42
Diastolic blood pressure (mm Hg) 106.8 (104.0-110.0) 106.8 (104.2-109.2) 108.8 (104.0-113.2) 107.3 (104.1-110.4) 0.60
Heart rate (beats/min) 76.0 (70.2-81.8) 70.1 (65.6-74.6) 76.1 (71.3-80.9) 71.8 (66.3-77.3) 0.27
Romhilt-Estes scored 4.6 (4.3-4.9) 4.5 (4.2-4.8) 4.4 (4.1-4.7) 4.4 (4.1-4.7) 0.44
IVSd (mm) 12.8 (11.6-14.0) 11.8 (11.0-12.6) 13.0 (11.4-14.6) 12.7 (11.8-13.6) 0.27
LVPWd (mm) 11.8 (11.1-12.5) 11.2 (10.7-11.7) 12.3 (11.0-13.6) 11.5 (10.8-12.2) 0.18
LVIDd (mm) 51.5 (48.6-54.4) 52.2 (48.9-55.5) 50.0 (47.6-52.4) 48.9 (46.8-51.0) 0.49
LVM (g) 302.7 (270.0-335.0) 289.4 (257.0-322.0) 305.1 (250.0-360.4) 281.0 (247.0-315.2) 0.26
LVMI (g/m2) 153.3 (136.8-170.0) 147.6 (131.0-166.6) 156.3 (130.0-182.5) 147.4 (131.1-164.0) 0.11
LA (mm) 40.5 (38.6-42.4) 38.3 (36.6-40.0) 38.8 (36.4-41.3) 40.5 (38.5-42.5) 0.25
EF (%) 66.6 (62.3-70.9) 68.1 (64.2-72.0) 68.1 (64.8-71.4) 68.5 (65.2-71.8) 0.72
FS (%) 33.9 (31.2-36.6) 34.7 (31.9-37.5) 36.1 (33.7-38.5) 36.6 (34.2-39.0) 0.48
DT (ms) 222.5 (198.0-247.0) 205.3 (182.0-229.0) 223.9 (200.0-248.0) 220.0 (204.0-236.0) 0.41
IVRT (ms) 99.4 (91.3-108.8) 92.9 (85.0-101.0) 101.4 (92.4-110.0) 93.8 (85.4-102.0) 0.23
E/A ratio 0.9 (0.7-1.0) 0.9 (0.8-1.0) 0.9 (0.7-1.1) 0.96 (0.7-1.2) 0.19
aIVSd – intraventricular septal thickness at end diastole; LVPWd – posterior wall thickness at end diastole; LVIDd – left ventricular internal dimension at end diastole;
LVM – left ventricular mass, calculated as 1.04/(IVSd+LVPWd+LVIDd)3 – (LVIDd)3 – 13.6; LVMI – left ventricular mass indexed by body surface area (>134 g/m2 in
men, and >110 g/m2 in women); LA – left atrial dimension; EF – ejection fraction; FS – left ventricular shortening fraction; DT – deceleration time; IVRT – isovolumetric
relaxation time; E/A ratio – peak E (maximum early LV filling velocity)/peak A (maximum atrial LV filling velocity).
bSignificance level for Kruskal-Wallis analysis of variance.
c1 kPa = 7.5 mm Hg.
dAccording to ref. 17.

Table 2. Changes in systolic and diastolic blood pressure (mean, 95% CI) in 64 hypertensive patients with left venticular hyper-
trophy during treatment with different antihypertensive drugs

Blood pressure (mm Hg) after
Medication baseline 1 month 3 months 6 months differencea (%)
Indapamide
systolic blood pressure 186.8 (179.2-194.4) 176.0 (166.9-185.1) 166.9 (158.2-175.6) 165.3 (158.1-172.5) 21.5 (13.6-28.5) (11.5)
diastolic blood pressure 106.9 (103.1-110.7) 98.6 (94.6-102.6) 97.5 (93.8-101.2) 96.8 (93.7-99.9) 10.1 (6.5-13.95) (9.5)

Nicardipine
systolic blood pressure 180.0 (172.9-187) 169.4 (163.5-175.3) 164.3 (157.7-170.9) 157.7 (152.2-163.2) 22.3 (16.0-28.7) (12.4)
diastolic blood pressure 106.8 (103.8-109.8) 98.2 (94.7-101.8) 99.2 (95.5-102.9) 96.6 (98.9-94.3) 11.0 (6.1 to 14.2) (9.6)

Propranolol
systolic blood pressure 187.5 (177.4-197.6) 168.5 (161.7-175.3) 161.6 (156.0-167.2) 158.7 (153.3-164.1) 28.8 (18.3-39.4) (15.4)
diastolic blood pressure 108.8 (104.3-113.3) 101.3 (98.1-104.5) 96.4 (92.0-100.9) 94.7 (91.8-97.6) 14.1 (9.3-18.9) (13.0)

Chlorthalidone
systolic blood pressure 184.9 (174.6-195.2) 172.6 (164.9-180.3) 166.6 (161.2-172.0) 160.3 (157.0-163.6) 24.6 (19.4-29.6) (13.3)
diastolic blood pressure 107.3 (104.3-110.3) 101.7 (99.1-104.3) 97.8 (95.8-99.8) 93.7 (90.8-96.6) 13.6 (9.6-17.5) (12.7)

All patients
systolic blood pressure 184.1 (175.4-192.8) 171.7 (164.3-179.1) 165.2 (158.5-171.9) 160.5 (154.9-166.1) 23.6 (19.6-27.5) (12.8)
diastolic blood pressure 107.4 (103.9-110.9) 99.9 (96.5-103.3) 97.1 (93.9-100.3) 96.2 (90.2-102.3) 11.2 (9.4-13.0) (10.4)

aDifference between the baseline values and values after 6 months of treatment; p<0.001 for all.



EF and shortening fraction – FS) practically did not
change (Table 4). Early and late left ventricular filling
velocities and their ratio did not change significantly
in any group, although all four groups showed a ten-
dency towards normalization (e.g., increase in E/A ra-
tio).

Correlations between Parameters
There was no significant correlation between

blood pressure and left ventricular mass at the begin-
ning of the study. Blood pressures measured continu-
ously over 24 h were significantly lower (20 mm Hg
systolic, and 10 mm Hg diastolic) than the office val-

ues. Systolic pressures correlated with left ventricular
mass index (r=0.54; p=0.011) better than other pres-
sures (Fig. 3). Average 24-h diastolic pressures corre-
lated weakly with left ventricular mass index (r=0.39;
p=0.07), but still better than the pressure measured
in the office before the study (r=0.25 for systolic, and
0.26 for diastolic pressure; p=0.11).

Discussion

The trial results indicated that the effects of the
four antihypertensives on arterial blood pressure, left
ventricular mass, and left ventricular function in hy-
pertensive patients with left ventricular hypertrophy
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Table 3. Relevant cardiac structural changes (mean; 95% CI) in 64 hypertensive patients with left venticular hypertrophy during
treatment with different antihypertensive drugs

Parameter value
Parametera baseline after 6 months of treatment % change decreaseb p
Indapamide group
IVSd (mm) 12.8 (11.6-14.0) 12.3 (11.3-13.3) 3.9 0.5 (0.1-1.1) >0.05
LVPWd (mm) 11.8 (11.1-12.5) 11.6 (10.9-12.3) 1.7 0.2 (-0.3-0.7) >0.05
LVM (g) 302.7 (270.0-335.0) 274.6 (241.0-308.0) 9.3 28.1 (12.2-45.0) 0.003
LVMI (g/m2) 153.3 (137.1-170.1) 140.1 (123.1-157.0) 8.6 13.2 (5.2-21.9) 0.006
LVIDd (mm) 51.5 (48.6-54.4) 49.9 (47.4-52.4) 3.1 1.7 (-0.7-4.1) >0.05

Nicardipine group
IVSd (mm) 11.8 (11.0-12.6) 11.4 (10.8-12.0) 3.4 0.4 (0.03 to 0.8) 0.05
LVPWd (mm) 11.2 (10.7-11.7) 10.5 (9.9-11.1) 6.2 50.7 (0.4-1.1) 0.001
LVM (g) 289.4 (257.0-322.0) 260.3 (233.1-288.0) 10.1 29.1 (13.5-44.7) 0.001
LVMI (g/m2) 147.6 (131.0-164.2) 133.9 (119.2-149.0) 9.4 13.7 (6.0-21.4) 0.02
LVIDd (mm) 52.2 (48.9-55.5) 51.2 (48.4-54.0) 1.9 1.0 (-0.6-2.6) >0.05

Propranolol group
IVSd (mm) 13.0 (11.4-14.6) 12.1 (11.0-133.22) 6.9 0.9 (0.1-1.6) 0.03
LVPWd (mm) 12.3 (11.0-13.6) 11.4 (10.6-12.2) 7.5 0.9 (0.2-1.5) 0.01
LVM (g) 305.1 (250.1-361.0) 280.9 (243.1-318.2) 7.9 24.2 (-0.6-48.9) 0.06
LVMI (g/m2) 156.3 (130.2-182.2) 144.1 (127.0-161.1) 7.8 12.2 (-0.1-24.4) 0.05
LVIDd (mm) 50.0 (47.5-52.5) 51.0 (48.6-53.4) 2.0 -1.0 (-2.4-0.4) >0.05

Chlorthalidone group
IVSd (mm) 12.7 (11.8-13.6) 12.6 (11.6-13.6) 0.8 0.1 (-0.4-0.73) >0.05
LVPWd (mm) 11.5 (10.8-12.2) 11.4 (10.6-12.2) 0.9 0.1 (-0.5-0.6) >0.05
LVM (g) 281.0 (246.8-315.1) 256.3 (221.2-291.4) 8.8 24.7 (-5.2-53.8) 0.024
LVMI (g/m2) 147.4 (131.0-163.8) 133.9 (118.0-149.8) 9.2 13.5 (-2.8-31.1) 0.024
LVIDd (mm) 48.9 (46.8-51.0) 47.4 (44.7-51.1) 3.1 1.5 (-4.8-3.7) >0.05

All patients
IVSd (mm) 12.6±2.3 12.1±1.8 3.9 <0.001
LVPWd (mm) 11.7±1.6 11.2±1.4 4.3 <0.001
LVM (g) 294.4±35.3 268.0±62.2 8.7 <0.001
LVMI (g/m2) 151.0±35.3 137.9±30.5 8.7 <0.001
LVIDd (mm) 50.7±5.2 49.9±5.1 1.6 >0.05

aIVSd – intraventricular septal thickness at end diastole; LVPWd – posterior wall thickness at end diastole; LVIDd – left ventricular internal dimension at end diastole;
LVM – left ventricular mass, calculated se 1.04/(IVSd+LVPWd+LVIDd)3 – (LVIDd)3 – 13.6; LVMI – left ventricular mass indexed by body surface area.
bDifference between the baseline values and values after 6 months of treatment.
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after the commencement of therapy in hypertensive pa-
tients with left venticular hypertrophy. Bars indicate 95%
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were comparable. Arterial blood pressure was signifi-
cantly reduced (approximately by 10-15%) irrespec-
tive of antihypertensive medication. After 6 months,
systolic and diastolic pressures in all patients de-
creased on average by 12.8% and 10.4%, respec-
tively, with the decrease in systolic pressure ranging
from 11.5% (in the group treated with indapamide) to
15.4% (in the group treated with propranolol), and in
diastolic pressure from 9.5% (indapamide) to 13.0%
(propranolol). Accordingly, all investigated antihy-
pertensives had equal effect in terms of blood pres-
sure control. Similar results were obtained by other
authors (10,13). A meta-analysis of 109 treatment
studies showed that mean blood pressure was re-
duced by 14.9% after some 10 months of treatment
(10). Comparing the effects of chlorthalidone (25 mg
per day) and propranolol (120 mg per day) after 6
months, a decrease in diastolic pressure by 11% in
the upright, and by 14.9% in the supine position was
obtained with chlorthalidone, and around 10% in
both positions with propranolol (23). In the well-
known TOMHS study (13), which compared the ef-
fects of five different antihypertensives, arterial pres-
sure was reduced by some 16/12 mm Hg on average,
best with chlorthalidone. Similar results were also
achieved by administering six different antihyperten-
sives over a year (24). It is interesting to note that in
these studies diuretics showed almost the same anti-
hypertensive effect in very low, low, or high doses
(e.g., 15, 25 or 100 mg of chlorthalidone per day).
Side effects, such as hyperglycemia, hyperuricemia,
hyperlipidemia, and hypokalemia, were significantly

less expressed when diuretics were given in lower
doses (23,25). On the basis of such studies, lower
doses of diuretics are being recommended, with
12.5-15 mg of chlorthalidone per day (our patients
took 25 mg per day, to the best of our knowledge at
the time of planning this study).

Left ventricular mass reduction was almost iden-
tical in all four groups of our patients. The absolute
decrease in left ventricular mass was 8.7% on average
for all patients. Such a decline in left ventricular mass
was found in other studies as well: beta-blockers
(10,11,13), calcium channel blockers (10,11,13),
chlorthalidone (13), and indapamide (14,26) induced
a substantial regression in left ventricular mass, in ad-
dition to lowering the blood pressure. There are data
showing even more pronounced decrease in left ven-
tricular mass, e.g., by 6-16% with indapamide, and
by 5-16% with beta blockers, calcium antagonists,
and ACE inhibitors (10,11,13). Reports for tiazides
and related diuretics are more controversial (0-17%
decrease) (12,13). According to earlier studies, diuret-
ics are ineffective in reducing the left ventricular
mass, or such effect is too small despite a good pres-
sure control (12). On the other hand, some later stud-
ies suggest that diuretics can significantly revert left
ventricular mass, even better than other antihyperten-
sives (10,13,24,26). Meta-analysis of 109 treatment
studies also showed reduction in left ventricular mass
by 12% on average: 15% with ACE inhibitors, 8%
with beta blockers and calcium antagonists, and 11%
with diuretics (10). ACE inhibitors seemed to be the
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Table 4. Relevant functional echocardiographic changes (mean; 95% CI) in 64 hypertensive patients with left venticular hyper-
trophy during treatment with different antihypertensive drugs

Parameter value
Parametera baseline after 6 months of treatment differenceb

Indapamide group
LA (mm) 40.5 (38.6-42.4) 40.2 (38.2-42.2) 0.3 (-1.0-1.6)
FS (%) 31.9 (29.2-34.6) 33.1 (31.2-35.0) 1.2 (-0.7-3.2)
EF (%) 66.6 (62.3-70.9) 65.4 (62.4-68.4) 1.2 (-3.1-5.2)
IVRT (ms) 99.4 (70.9-108.0) 92.3 (84.5-100.0) 7.1 (-0.8-14.8)
DT (ms) 222.5 (198.0-247.0) 218.8 (197.0-241.0) 3.7 (-16.5-21.3)
E/A (ratio) 0.86 (0.71-1.01) 1.1 (0.9-1.3) -0.2 (-0.6-0.1)

Nicardipine group
LA (mm) 38.3 (36.6-40.0) 38.5 (37.0-40.1) -0.2 (-1.9-1.5)
FS (%) 34.7 (31.9-37.5) 32.8 (30.9-34.7) 1.9 (0.2-4.1)
EF (%) 68.1 (64.2-72.0) 65.7 (62.4-69.1) 2.4 (0.5-4.3)
IVRT (ms) 92.9 (85.0-101.1) 91.8 (85.2-98.4) 1.1 (-3.2-5.5)
DT (ms) 205.3 (181.7-229.3) 202.9 (182.0-224.0) 2.4 (-7.0-11.7)
E/A (ratio) 0.9 (0.8-1.0) 1.0 (0.8-1.2) -0.1 (-0.3-0.2)

Propranolol group
LA (mm) 38.8 (36.6-41.0) 40.3 (38.1-42.5) 1.5 (-3.3-0.4)
FS (%) 36.1 (33.7-38.5) 34.8 (32.8-36.8) 1.3 (-0.8-3.3)
EF (%) 68.1 (64.8-71.4) 67.5 (64.5-70.5) 0.7 (-1.8-3.1)
IVRT (ms) 101.4 (92.4-110) 95.0 (89.2-101.0) 6.4 (-1.5-14.2)
DT (ms) 223.9 (200.0-248.0) 210.4 (191.0-230.0) 13.5 (4.6-21.6)c

E/A (ratio) 0.9 (0.7-1.1) 0.9 (0.8-1.0) 0.1 (-0.01-0.1)
Chlorthalidone group
LA (mm) 40.5 (38.5-42.5) 39.5 (37.4-41.6) 1.0 (-0.7-2.7)
FS (%) 36.6 (34.2-39.0) 35.4 (32.9-37.9) 2.2 (-0.6-4.8)
EF (%) 68.5 (65.2-71.8) 67.1 (63.8-70.4) 1.4 (-3.4-6.1)
IVRT (ms) 93.8 (85.4-102.0) 93.8 (86.6-101.0) 0.02 (-9.0-9.0)
DT (ms) 220.0 (204.0-236.0) 199.7 (188.3-211.0) 20.3 (2.0-40.7)d

E/A (ratio) 1.0 (0.6-1.3) 0.9 (0.8-1.1) 0.02 (-0.01-0.1)
aLA – left atrial dimension; EF – ejection fraction; FS – left ventricular shortening fraction; DT – deceleration time; IVRT – isovolumetric relaxation time; E/A ratio – peak
E (maximum early LV filling velocity)/peak A (maximum atrial LV filling velocity).
bDifference between baseline values and values after 6 months of treatment.
cp=0.04.
dp=0.007.



best reducers of left ventricular hypertrophy. Activa-
tion of the renin-angiotensin system (in addition to in-
creased wall stress due to high blood pressure) is a
trophic stimulus promoting cardiac hypertrophy, and
its blockade with ACE inhibitors may contribute, in-
dependently of blood pressure reduction, to the re-
versal of myocardial hypertrophy (10). In another
study, patients receiving chlorthalidone showed the
greatest decrease in left ventricular mass (34 g on av-
erage) (13). Thus diuretics, which are mostly recom-
mended as first line drugs, are probably as potent as
other antihypertensives in this respect. Additional left
ventricular mass decrease in this setting can be as-
cribed to the reduction (2%) in left ventricular inter-
nal diameter at end diastole. Most antihypertensives
revert the left ventricular wall thickness, except di-
uretics, which predominantly shrink left ventricular
diameter, while left ventricular wall thinning is less
pronounced.

The greatest decrease in left ventricular mass was
recorded in our patients treated with nicardipine: by
10.1% on average. A meta-analysis showed that di-
ltiazem and verapamil are more potent than dihi-
dropyridines in reducing left ventricular hypertrophy,
probably due to their bradycardic effect (11). Nicar-
dipine, although belonging to dihidropyridines, re-
duced left ventricular mass by approximately 7%
(27,28).

Propranolol abated the left ventricular wall thick-
ness significantly in our patients, but the decrease in
left ventricular mass and left ventricular mass index
barely reached the margin of statistical significance
(Table 3). This could be explained by an increase in
the telediastolic left ventricular diameter due to lon-
ger diastole, and left ventricular wall thinning. The av-
erage decrease in left ventricular mass was smaller in
our patients receiving propranolol (24.2 g or 7.9%)
than in other groups.

Chlorthalidone and indapamide caused signifi-
cant reduction in left ventricular mass and left ventric-
ular mass index (by 8.8% and 9.3%, respectively),
whereas the left ventricular wall thickness remained
almost unchanged, which is partly a result of left ven-
tricular diameter reduction due to relative hypovole-
mia. These changes are mirroring those observed in
the propranolol group. Reduced left ventricular mass
caused by chlorthalidone was associated with a re-
duction in left ventricular wall thickness rather than
left ventricular volume (24). These results, ie, harmo-
nious effects on the thickness and diameter, were sim-
ilar to those from other studies (10,13,26). Decrease
in left ventricular internal diameter at end diastole no-
ticed in patients treated with chlorthalidone and
indapamide, and increase in left ventricular internal
diameter at end diastole in patients receiving
propranolol were the expected pharmacological ef-
fects of these drugs (13,26). Small changes in left ven-
tricular mass and slight changes in left ventricular di-
ameter in some groups as compared with total could
indicate different efficiency of the investigated drugs
or insufficient statistical power due to small number
of examinees. A recent LIVE study (26) in hyperten-
sive patients with left ventricular hypertrophy demon-

strated greater efficacy of indapamide SR 1.5 mg than
of enalapril 20 mg in the reduction of left ventricular
mass index. Although both drugs equally and signifi-
cantly reduced blood pressure, indapamide progres-
sively reduced wall thicknesses throughout the
one-year treatment period, whereas the effects of
enalapril observed at 6 months were not maintained
at 12 months. This study (26) supports the earlier find-
ings that diuretics are potent reducers of left ventricu-
lar hypertrophy (13,24).

Changes in the maximum early and late trans-
mitral flow velocity, their ratio (E/A), isovolumetric re-
laxation time, and most other diastolic parameters did
not reach statistical significance in any group. Signifi-
cant improvement was observed in some indices of
left ventricular diastolic function only, e.g., left ven-
tricular diastolic function was significantly shortened
in propranolol and chlorthalidone groups. Parame-
ters of left ventricular systolic function did not change
significantly over the 6-month treatment in any group
either. Many studies showed that left ventricular sys-
tolic and diastolic function did not change apprecia-
bly by pharmacologically reduced left ventricular hy-
pertrophy, e.g., during nicardipine therapy changes in
systolic function varied from +12 to -2% (29). With
adequate antihypertensive treatment, structural repair
of the damaged heart can be achieved sooner and
more easily than functional repair (30).

Despite reasonable expectations, there are still
no firm proofs that cardiovascular morbidity impro-
ves with reversion in left ventricular hypertrophy (13).

Some studies confirmed that the results of ambu-
latory blood pressure monitoring, especially of aver-
age systolic pressures, correlate better with left ven-
tricular mass than occasional office blood pressure
measurement (31,32). Correlation coefficients in our
study were significantly different. Our results are sim-
ilar to those of Devereux and Pickering (31) and
Verdecchia (32). Hypertensive patients with left ven-
tricular hypertrophy showed higher values and lower
oscillations in blood pressure than patients without
left ventricular hypertrophy. There was an inverse
correlation between the left ventricular mass and de-
gree of overnight reduction in systolic and diastolic
pressure (33). Permanent hypertension has the worst
prognosis, whereas oscillations, proportionally to the
periods of lower pressure, which lower cumulative
pressure burden, improve the prognosis. In hyperten-
sive patients with left ventricular hypertrophy, the
overnight decrease in blood pressure is absent or less
than 10% (33,34), exposing them to a higher risk of
stroke (33). The “night dipping” phenomenon pre-
vents or delays development of left ventricular hyper-
trophy, and antihypertensive drugs may be adminis-
tered in lower doses in such cases (34).

Cardiovascular complications, including myo-
cardial infarction, stroke, and sudden death, occur
more frequently in the morning, between 8 a.m. and
noon. Therefore, blood pressure control should be
performed in that period. Provided that a patient is ac-
ceptably compliant, this is the most important argu-
ment for a single administration of long-acting antihy-
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pertensives, such as indapamide or chlorthalidone,
whose biological half-life exceeds 24 h.

In conclusion, the four investigated drugs achi-
eved almost equal antihypertensive effect, as well as
significant and similar reduction in left ventricular
mass. Diuretics pronouncedly decreased left ventric-
ular mass in our study, whereas left ventricular wall
thickness was reduced only slightly. Reduction in left
ventricular mass was not followed by changes in sys-
tolic function, and only a few parameters of diastolic
function did improve. The ambulatory monitored
blood pressures were significantly lower than those
obtained in the office, and correlated better with left
ventricular mass, particularly average systolic pres-
sures. It seems that systolic pressure elements (e.g.
stroke volume and rigidity of large vessels) are more
important for left ventricular hypertrophy than dia-
stolic pressure determinants (e.g., heart rate and small
vessel resistance).

Most modern antihypertensives, when adminis-
tered in optimal dosage, reduce the elevated blood
pressure to a similar extent, with comparable rever-
sion in left ventricular hypertrophy. The impact of si-
multaneous reduction in both left ventricular mass
and blood pressure upon cardiovascular and total
mortality should be further investigated. Presently,
the question whether reduction in myocardial mass is
more important than decrease in left ventricular wall
thickness remains open.
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