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Effects of Imidapril on Left Ventricular Mass in 
Chronic Hemodialysis Patients

Nobuko MATSUMOTO1), Toshihiko ISHIMITSU1), Atsushi OKAMURA1), Hitoshi SETA1), 

Masaki TAKAHASHI1), and Hiroaki MATSUOKA1)

Left ventricular hypertrophy is considered to be a major cardiovascular risk factor in hemodialysis patients.

Not only high blood pressure but also humoral factors such as angiotensin II and aldosterone are thought

to contribute to the increase in left ventricular mass. We examined the effects of an angiotensin converting

enzyme (ACE) inhibitor, imidapril, on left ventricular mass in patients with end-stage renal diseases on main-

tenance hemodialysis. Thirty patients on chronic hemodialysis were randomly divided into 2 groups of 15

patients each and given placebo or 2.5 mg imidapril once daily for 6 months. Before and after the 6-month

period, left ventricular mass was evaluated by echocardiography, and circulating factors of the renin-angio-

tensin-aldosterone system were measured. Background characteristics such as age, gender ratio, causes

of renal failure, duration of hemodialysis, body mass index and pre-dialysis blood pressure were compara-

ble between the placebo and the imidapril groups. Systolic and diastolic blood pressures were not signifi-

cantly changed in either group during the study period. In the imidapril group, serum ACE was reduced

(12±1 to 5±2 U/l, p<0.01) and plasma renin activity was increased (3.3±0.8 to 8.1±3.2 ng/ml/h, p<0.01), but

plasma angiotensin II and aldosterone were not significantly changed after 6 months (13±3 to 17±3 pg/ml

and 365±125 to 312±132 pg/ml, respectively). On the other hand, left ventricular mass index was signifi-

cantly decreased in the imidapril group (132±10 to 109±6 g/m2, p<0.05) but was unchanged in the placebo

group (129±6 to 126±5 g/m2). These results suggest that an ACE inhibitor reduces left ventricular mass in

hemodialysis patients by a mechanism that is independent of changes in blood pressure. (Hypertens Res

2006; 29: 253–260)
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Introduction

Patients with end-stage renal disease undergoing dialysis
therapy have increased morbidity and mortality as compared
with the general population. In particular, the high incidence
of cardiovascular diseases and infection limits the life expect-
ancy of dialysis patients (1, 2). With regard to the risk factors
of cardiovascular diseases, the presence of left ventricular
hypertrophy, as well as diabetes, hypertension and high age,
greatly increases the risk of developing cardiovascular dis-
eases not only in the general population but also in dialysis

patients (3, 4). Therefore, inhibition of the increase in left
ventricular mass would seem to be one of the prerequisites for
preventing cardiovascular diseases effectively and improving
the prognosis of dialysis patients.

Development of left ventricular hypertrophy is promoted
by hypertension and volume overload in hemodialysis
patients (5–9). In addition, much attention is being paid to the
involvement of the renin-angiotensin-aldosterone system
(RAAS) in the process of development and progression of
cardiovascular tissue and organ injuries (10–12). It would be
expected that inhibitors of the RAAS, such as angiotensin
converting enzyme (ACE) inhibitors and angiotensin II
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receptor blockers (ARB), would show preventive effects
against cardiovascular organ injuries beyond their antihyper-
tensive effects. In the present study, we investigated the long-
term effects of imidapril, an ACE inhibitor developed in
Japan (13, 14), on the left ventricular mass in chronic hemo-
dialysis patients.

Methods

We enrolled a total of 30 patients with end-stage renal dis-
eases undergoing maintenance hemodialysis. Patients with
valvular or ischemic heart diseases were not included. The
enrolled patients had not been given ACE inhibitors or ARB
for at least 6 months. Fifteen patients were given 2.5 mg of
imidapril and the other 15 patients were given placebo. Either
placebo or imidapril was given once daily in the morning on
non-dialysis days and after the dialysis session on dialysis
days. The treatment was continued for 6 months. The assign-
ment of placebo or imidapril was performed in a random
manner.

Blood pressure was measured before and after each dialysis
session with patients in a supine position after resting more
than 10 min. These measurements were made at six dialysis
sessions in 2 weeks, and the average of the six values was
used for evaluation (15, 16). Body weight gains between dial-
ysis sessions were also averaged for 2 weeks. At the begin-
ning and the end of each treatment period, echocardiography
and blood samples were obtained. Standard M-mode and two-
dimensional echocardiography were performed after the dial-
ysis session when the patients were at their dry weight using
a Toshiba SSH-380A unit with a 2.5 MHz transducer
(Toshiba, Tokyo, Japan). Fractional shortening, as an index of
left ventricular systolic function, was calculated as (LVIDd −

LVIDs)/LVIDd × 100 (%), where LVIDd and LVIDs are left
ventricular end-diastolic and end-systolic internal diameters,
respectively. Left ventricular mass (LVM) was calculated
according to Devereux’s formula:

LVM (g) = 0.8 × [1.04 × {(IVST + LVIDd + PWT)3 
− (LVIDd)3}] + 0.6, 

where IVST and PWT are interventricular septal thickness
and left ventricular posterior wall thickness, respectively
(17). LVM was divided by body surface area in m2 to obtain
the left ventricular mass index (LVMI). Relative wall thick-
ness (RWT) was measured as (IVST+PWT)/
(IVST+PWT+LVIDd) × 100 (%). Pulsed Doppler record-
ings of transmitral flow were taken from the apical long axis

Table 1. Background Characteristics of the Study Subjects

Placebo 
group

Imidapril 
group

Age (years) 54.2±3.7 54.6±3.3
Sex (men/women) 8/7 7/5
Cause of renal failure

Chronic glomerulonephritis 11 8
Diabetic nephropathy 2 3
Others 2 1

Duration of hemodialysis (years) 9±2 7±2

Body mass index (kg/m2) 21.2±0.7 21.3±0.7
Systolic blood pressure (mmHg) 148±4 152±5
Diastolic blood pressure (mmHg) 80±2 83±3
Pulse rate (bpm) 76±2 79±3
Antihypertensive medication

Calcium channel blocker 6 4
α-Blocker 2 2
β-Blocker 2 2

Mean±SEM.

Fig. 1. Time-course changes in pre-dialysis blood pressure
(BP) and pulse rate in hemodialysis patients given placebo
or imidapril.

Fig. 2. Time-course changes in inter-dialysis weight gain
and post-dialysis blood pressure (BP) in hemodialysis
patients given placebo or imidapril.
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view. The sample volume was placed at the tips of the mitral
leaflets. The peak early velocity (E) and peak late velocity (A)
of ventricular filling were measured, and their ratio (E /A) was
used as an index of left ventricular diastolic function.

A peripheral blood sample was obtained before starting
each dialysis session after more than 15 min of supine rest. In
addition to routine hematological tests and blood chemistry,
circulating components of the renin-angiotensin system were
evaluated. Plasma renin activity and plasma concentrations of
aldosterone were determined by respective radioimmunoas-
says. Plasma angiotensin II and B-type natriuretic peptide
(BNP) were directly radioimmunoassayed using an Angio-

tensin II RIA kit (SRL Inc., Tokyo, Japan) and ShionoRIA
BNP assay kit (Shionogi & Co., Ltd., Osaka, Japan), respec-
tively. Serum ACE activity was determined by colorimetry
according to the method described by Kasahara and Ashihara
(18).

The study protocol was in accordance with the recommen-
dations of the World Medical Association for biomedical
research involving human subjects (Edinburgh version, 2000)
and was approved by the institutional review board. Informed
consent was obtained from all subjects.

Values are expressed as the means±SEM. Clinical data
were compared between the two groups by unpaired Stu-

Table 2. Clinical and Laboratory Findings before and after the 6 Months of Study Period

Parameter
Placebo group Imidapril group

0-month 6-month 0-month 6-month

Body weight (kg) 53.1±2.0 52.7±2.1 54.4±3.2 54.3±3.3
Inter-dialysis weight gain (%) 5.3±0.3 5.0±0.4 5.3±0.5 5.5±0.4
Cardiothoracic ratio (%) 49.3±1.1 49.7±1.4 48.7±1.5 49.5±1.2
White blood cells (× 103/μl) 6.46±0.67 6.40±0.57 5.82±0.44 5.40±0.31
Red blood cells (× 106/μl) 3.15±0.06 3.24±0.09 3.36±0.11 3.08±0.12*
Blood hemoglobin (g/dl) 10.2±0.2 10.3±0.2 10.7±0.3 9.7±0.3*
Hematocrit (%) 30.3±0.5 31.6±0.6 31.9±1.1 28.9±0.9*
Platelet count (× 103/μl) 188±18 174±12 196±16 189±16
Blood chemistry

Total protein (g/dl) 6.9±0.1 6.7±0.1 6.6±0.2 6.4±0.2
Albumin (g/dl) 4.2±0.1 4.1±0.1 4.1±0.1 4.0±0.1
AST (U/l) 14±2 14±2 12±2 11±1
ALT (U/l) 11±1 12±1 12±2 9±1
Urea nitrogen (mg/dl) 84±5 76±4 77±6 80±5
Creatinine (mg/dl) 12.5±0.7 12.7±0.8 12.7±1.0 13.7±1.1
Uric acid (mg/dl) 6.5±0.3 6.1±0.2 6.9±0.3 7.2±0.3
Na (mEq/l) 138±1 139±1 138±1 139±1
K (mEq/l) 5.0±0.3 5.1±0.2 4.8±0.2 5.2±0.3
Ca (mg/dl) 9.8±0.3 9.5±0.1 9.3±0.3 9.1±0.2
P (mg/dl) 6.0±0.4 5.8±0.5 6.0±0.4 5.6±0.4

Erythropoietin use (U/week) 4,100±764 3,500±699 3,688±721 4,063±859

Data are mean±SEM. AST, aspartate aminotransferase; ALT, alanine aminotransferase. *p<0.05 vs. 0-month.

Table 3. Echocardiographic Measurements before and after the 6 Months of Study Period

Parameter
Placebo group Imidapril group

0-month 6-month 0-month 6-month

Interventricular septal thickness (mm) 10.9±0.3 10.6±0.3 11.5±0.5 10.9±0.4
Posterior wall thickness (mm) 10.5±0.3 10.2±0.2 11.4±0.4 10.9±0.3
Left ventricular diastolic diameter (mm) 48.1±1.9 48.0±1.9 48.3±2.2 45.4±2.3
Left ventricular systolic diameter (mm) 30.4±2.0 30.2±2.0 31.6±2.0 29.1±1.6
Fractional shortening (%) 37.3±1.9 37.7±1.8 34.7±2.0 35.8±1.8
Left ventricular mass (g) 188±11 180±9 211±24 175±13*
Relative wall thickness (%) 31.1±1.0 30.5±1.1 32.3±1.3 32.8±1.7
E /A of transmitral flow velocity 0.92±0.07 0.85±0.05 0.81±0.06 1.04±0.09*

E, peak early velocity; A, peak late velocity. Data are mean±SEM. *p<0.05 vs. 0-month.



256 Hypertens Res Vol. 29, No. 4 (2006)

dent’s t-test for parametric data, by Mann-Whitney’s U-test
for nonparametric data, and by χ2 test for categoric data. The
effects of drug treatments in the two groups were analyzed
using two-way ANOVA followed by Tukey’s method for
post-hoc multiple comparisons. Correlations between two
parametric variables were analyzed by linear regression anal-
ysis. A p value less than 0.05 was considered to indicate sta-
tistical significance.

Results

During the 6-month study period, 2 patients of the imidapril
group experienced cough and stopped taking imidapril. In
addition, 1 patient of the imidapril group withdrew from the
study due to the development of hyperkalemia reaching 6.9
mEq/l. The remaining 12 patients of the imidapril group and
all 15 patients of the placebo group completed the study
period. Table 1 shows the background characteristics of these
subjects. The placebo and imidapril groups were not signifi-
cantly different in terms of age, sex ratio, causes of renal fail-
ure and average duration of hemodialysis. Physical findings
such as body mass index, blood pressure and pulse rate were
also comparable between the two groups. Seven out of 15
patients of the placebo group and 5 out of 12 patients of the
imidapril group had been taking antihypertensive drugs
before entering the study period. The 3 placebo group patients
and the 2 imidapril group patients were taking more than two
antihypertensive drugs. Calcium channel blockers were most
frequently used and there was no significant difference
between the two groups as to the classes of antihypertensive
drugs having been used. These antihypertensive medications
were not changed throughout the 6-month study period.

Figure 1 depicts the changes in pre-dialysis blood pressure
and pulse rate during the study period in the placebo and the
imidapril groups. Imidapril did not significantly lower either
systolic or diastolic blood pressure, and the averaged blood
pressure values were comparable between the two groups
throughout the 6-month study period. The pulse rate was not
significantly affected by the imidapril treatment and did not
significantly differ between the two groups during the study
period. Figure 2 shows the changes in inter-dialysis weight
gain and post-dialysis blood pressure. The body fluid volume
drawn in the dialysis session and blood pressure levels after
the dialysis session did not significantly vary during the study
period either in the placebo or the imidapril group.

Table 2 shows the clinical and laboratory data of the
patients before and after the study period. The body weight,
inter-dialysis weight gain and cardiothoracic ratio on chest
roentgenogram were not significantly changed. There were
no significant changes in any of the blood chemistry data,
such as serum proteins, electrolytes or liver enzymes. With
regard to the hematological data, the red blood cell count,
blood hemoglobin and hematocrit were significantly reduced
after the 6 months of imidapril treatment, while such changes
were not observed in the placebo group. The dose of erythro-

poietin did not significantly differ between before and after
the study period in either group. The changes in white blood
cell and platelet counts were also not significant either in the
placebo or the imidapril group.

Table 3 lists the echocardiographic measurements of the
study patients before and after the study period. None of the
measurements of left ventricular dimensions were signifi-
cantly changed in the placebo group. On the other hand, the 6-
month imidapril treatment resulted in a slight, but not signifi-
cant, reduction in IVST, PWT and left ventricular diameter,
and these changes resulted in a significant, 17% reduction of
LVM. Fractional shortening, an index of left ventricular sys-
tolic function, was not significantly changed in either group.
The E /A ratio of transmitral flow velocity, an index of left
ventricular diastolic function, was significantly increased in
the imidapril group, while a significant change was not
observed in the placebo group. Figure 3 depicts the changes in
LVMI. The imidapril group showed a significant, 18% reduc-
tion in LVMI after the study period, while the change was not
significant in the placebo group. Table 4 shows the correla-
tions of changes in LVM with the values of blood pressure or
the body weight changes. The change in LVM was positively
correlated with systolic and diastolic blood pressure levels
during the study period in the placebo group; however, such
correlations were not observed in the imidapril group. The
difference between the 0-month blood pressure and the aver-
age blood pressure during the 6-month study period or the
increase in body weight between the dialysis session averaged
during the study period did not significantly correlate with the
LVM changes either in the placebo or the imidapril group.

The bar graphs in Fig. 4 show the changes in plasma renin
activity, serum ACE activity and plasma concentrations of
angiotensin II, aldosterone and BNP before and after the 6-
month study period. These parameters of the RAAS were not
significantly changed in the placebo group. In the imidapril
group, serum ACE activity was suppressed and plasma renin
activity was significantly increased, as expected, but the

Fig. 3. Changes in left ventricular mass index (LVMI) in
hemodialysis patients given placebo or imidapril. *p<0.05
vs. 0-month. M, month.
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plasma concentrations of angiotensin II and aldosterone were
not significantly different from the levels before the study
period. There was also no significant change in plasma BNP
either in the placebo or the imidapril group.

Discussion

Hemodialysis patients are at high risk for developing cardio-
vascular diseases. In our prospective study following 534
chronic hemodialysis patients for 3 years, 29% of patients
experienced cardiovascular events, and cardiovascular dis-
eases such as stroke and heart failure were responsible for
46% of the total mortalities (19). It is well recognized that left
ventricular hypertrophy is a risk factor for ischemic heart dis-
ease, heart failure and ventricular arrhythmia. In addition, left

ventricular hypertrophy is associated with arteriosclerosis and
the risk of stroke (20, 21). Our prospective study also showed
that the risk of cardiovascular events is two times higher in
chronic hemodialysis patients with electrocardiographic signs
of left ventricular hypertrophy than in patients without car-
diac hypertrophy (19).

Strict control of blood pressure and body fluid volume is
important in order to prevent the development and progres-
sion of left ventricular hypertrophy in hemodialysis patients
(22–25). In the present study, imidapril did not significantly
lower the blood pressure in chronic hemodialysis patients.
We used a low dose of imidapril, but ACE inhibitors are
excreted mainly through the kidneys, and thus the blood con-
centration of imidapril and its active metabolite, imidaprilat,
should have become higher and lasted longer in our patients

Table 4. Correlations of Changes in Left Ventricular Mass with Levels and Changes in Blood Pressure and Body Weight dur-
ing the 6 Months of Study Period

Blood pressure
Placebo group Imidapril group

r p value r p value

Average systolic presssure 0.546 0.035 0.232 0.467
Average diastolic pressure 0.741 0.001 0.063 0.845
Systolic pressure change −0.112 0.690 0.337 0.284
Diastolic pressure change −0.031 0.912 0.077 0.813
Inter-dialysis weight gain −0.355 0.194 −0.220 0.492

Average blood pressure values are the averaged values during the 6 months given placebo or imidapril, and blood pressure changes are
the differences of these averaged blood pressure values from the 0-month blood pressure values. r, correlation coefficient of regression
analysis.

Fig. 4. Changes in parameters of the renin-angiotensin-aldosterone system and plasma B-type natriuretic peptide (BNP) at the
end of each treatment period. *p<0.05, **p<0.005 vs. 0-month. M, month.
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with renal failure than in those without (26). However, it has
been suggested that the blood pressure of hemodialysis
patients may be more dependent on the degree of blood vol-
ume increase than on the activity of the RAAS (27, 28).

Recent basic research has revealed that the RAAS is
involved in the process of remodeling and injuries of cardio-
vascular organs and tissues (10–12). Especially, angiotensin
II and aldosterone promote hypertrophy of cardiovascular
cells and fibrosis of the cardiovascular tissues (10–12).
Therefore, antihypertensive drugs suppressing the RAAS,
such as ACE inhibitors and ARB, are expected to have pro-
tective effects against hypertensive damage of cardiovascular
organs beyond their hypotensive effects. Indeed, several stud-
ies have reported that the regression of left ventricular hyper-
trophy by ACE inhibitors or ARB reduced LVM in end-stage
renal disease patients on chronic hemodialysis (29–32); how-
ever, the decreases in LVM were accompanied by blood pres-
sure reduction in these studies. In the present study, long-term
treatment with a low dose of imidapril, an ACE inhibitor, was
ineffective in lowering blood pressure in chronic hemodialy-
sis patients, but it did reduce their LVM. We speculate that
local inhibition of the RAAS by a subpressor dose of imi-
dapril contributed to the reduction in LVM, at least partly
through a mechanism that was independent of blood pressure
changes. In this context, Cannella et al. (33) have treated nor-
motensive hemodialysis patients with an ACE inhibitor, lisi-
nopril, for 2 years and observed a reduction in LVM without
significant changes in blood pressure, although the reduction
was not significant after 1 year. Information obtained from
their study is limited because the assignment of lisinopril
treatment was not randomized and hypertensive patients were
excluded. Considering that a large portion of dialysis patients
are hypertensive (34–36), the results of their study may not be
directly applicable to the general practice of dialysis therapy.

With regard to the effects of imidapril on RAAS, serum
ACE activity was suppressed and plasma renin activity was
increased as might be expected; however, plasma angiotensin
II and aldosterone were not significantly decreased after 6
months. It has been reported that ACE inhibitors and ARB
reduce plasma levels of angiotensin II and aldosterone ini-
tially, but that an escape or rebound phenomenon may occur
during long-term therapy (11, 37, 38). On the other hand, the
cardiovascular tissues have been shown to express enzymes
generating angiotensin II and aldosterone, and the tissue con-
centrations may become higher than the circulating levels
(10, 11, 39, 40). Furthermore, it has been reported that such
RAAS factors in the cardiovascular tissues are enhanced by
various stimuli in the process of organ injuries in cardiovas-
cular diseases (10, 11, 41). Therefore, in order to prevent car-
diovascular organ injuries effectively, it may be important to
suppress the cardiovascular tissue RAAS rather than lowering
plasma angiotensin II or aldosterone levels (42). In this
respect, imidapril has been shown to inhibit ACE activity not
only in circulating blood but also in cardiovascular tissues
more potently than other ACE inhibitors such as captopril and

enalapril (43). We speculate that tissue RAAS inhibition par-
ticipated in the mechanism of LVM reduction by chronic imi-
dapril treatment in the hemodialysis patients of this study.

With regard to the adverse effects of ACE inhibitors, cough
is the most frequent side effect bothering patients; however,
imidapril has been shown to cause a lower incidence of cough
than other ACE inhibitors (44). In the present study, 2 out of
15 patients (13%) treated with imidapril experienced cough
and stopped taking imidapril. Hyperkalemia can take place as
a side effect of ACE inhibitors even in hemodialysis patients
by inhibiting residual urinary excretion, colonic excretion and
cellular uptake of potassium (45, 46). One patient of the imi-
dapril group of this study stopped taking imidapril because of
this side effect, although the change in serum potassium was
not significant in the 12 patients who completed the 6-month
imidapril treatment. ACE inhibitors may exacerbate anemia
in patients with chronic renal failure by decreasing endoge-
nous erythropoietin production, blunting the response to
erythropoietin and reducing angiotensin II, which has eryth-
ropoietic action (46–49). The 6-month imidapril treatment
reduced red blood cell count, blood hemoglobin and hemat-
ocrit in this study. This side effect is likely to occur when
patients are taking a high dose of ACE inhibitor (50, 51). Care
should be taken to avoid the progression of anemia in dialysis
patients given ACE inhibitors, because the drug metabolism
is prolonged in patients with renal failure, as mentioned ear-
lier (26). Progression of anemia is thought to promote cardiac
hypertrophy in hemodialysis patients (52), but the imidapril
group in this study showed reduction in LVM although the
blood hemoglobin was reduced by the administration of imi-
dapril. This suggests that the antihypertrophic effect of imi-
dapril on LVM overcame the decrease in blood hemoglobin.

Several studies have reported a correlation between plasma
BNP and LVM in hemodialysis patients (53, 54). In the
present study, however, plasma BNP was not significantly
decreased in the imidapril group, although the LVM was
reduced. Plasma BNP levels in hemodialysis patients were
markedly increased by the reduced clearance and increased
body fluid volume. Considering these influences, plasma
BNP may not sensitively reflect the changes in LVM of
hemodialysis patients.

In summary, the present study showed that chronic treat-
ment with low-dose imidapril reduces LVM in patients on
maintenance hemodialysis without causing significant
changes in blood pressure. Therefore, it is suggested that an
ACE inhibitor can improve left ventricular hypertrophy by a
mechanism independent of its antihypertensive effect. How-
ever, in hemodialysis patients, ACE inhibitors should be used
with care to prevent the aggravation of anemia and develop-
ment of hyperkalemia.
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