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Abstract

Objective: To evaluate the clinical effects and the changes in cardiac performance of high-
and low-dose captopril compared to placebo in patients with chronic symptomatic aortic regur-
gitation (AR), and/or mitral regurgitation (MR).

Patients and Methods: We randomized patients into three groups, placebo (Group 1), incre-
mental daily doses of 50 mg (Group 2), and 100 mg captopril (Group 3). We compared exercise
capacity before and after four-week of treatment.

Results: Treatment was well tolerated with no serious side effects including blood
chemistry. There were no significant effects of treatment on left ventricular dimensions nor cal-
culated left ventricular ejection fraction (LVEF) between groups (LVEF change -0.6%, -2.6%,
2.4%, in group 1, 2 and 3 respectively; p > 0.05). No difference of exercise duration between
treatment and placebo arms (change by 13%, 12.8%, 16.4%, respectively; p > 0.05). However, there
were trends in the number of the patients who improved in left ventricular performance (absolute
LVEF change > 5 % unit = 15%, 16%, and 42% respectively; p > 0.05) and exercise performance
(exercise time improvement > 75 sec = 50%, 47%, and 68% respectively; p > 0.05) in high dose
captopril treatment group.

Conclusion: There was no significant improvement of left ventricular performance and
exercise capacity after four-weeks' treatment of low and high dose captopril. Further study with
a larger sample size, and longer follow-up period may be required.
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Hemodynamic changes in the patient with
heart failure is characterized by elevated left ven-
tricular filling pressure and increased systemic
vascular resistance which further compromise left
ventricular performance(1-3). The beneficial hemo-
dynamic and clinical effects of angiotensin-con-
verting enzyme (ACE) inhibition in patients with
severe congestive heart failure have been docu-
mented in large-scale studies(4-6). This mode of
therapy when added to digitalis and diuretics
improved survival. ACE inhibitors prevent the
formation of the vasoconstrictor peptide, and
angiotensin II (AI)(7). The primary effect of ACE
inhibitor in causing vasodilatation of the peripheral
vessels and inhibiting aldosterone biosynthesis
result.in reduction of water and sodium reten-
tion(8), the benefit of inhibition of AII synthesis is
also believed that in cellular level can limit detri-
mental cell growth and hypertrophy. Therefore,
blockade of AII could be expected to improve the
cardiac pumping efficiency of the heart.

Patients with symptomatic aortic or mitral
regurgitation may also benefit from decreased
cardiac workload due to a reduction in preload.
Long term therapy with vasodilating drugs has
been shown to reduce left ventricular size and
improve performance in chronic aortic regurgita-
tion (AR)(9-12), Similar trials in mitral regurgita-
tion (MR) have rarely been published(13,14).

Timing of surgery for left sided valvular
regurgitation was ambiguous, but it is widely
accepted that surgery must be done before deve-
lopment of left ventricular dysfunction(15,16). A
number of various indexes was proposed to allow
clinicians to detect and avoid irreversible left
ventricular dysfunction(17-19). Patients have to
undergo surgery at an appropriate time, to reduce
operative mortality and obtain good long-term sur-
vival. While the proper timing for the operations is
still being examined, another issue is whether
vasodilators, which reduce the regurgitant over-
load, can delay the onset of ventricular dysfunction
and thus also delay surgery.

In Thailand, for socio-economic reasons,
valvular replacement surgery is often delayed and
there is a large pool of patients with moderate to
severe symptomatic aortic and/or mitral regurgita-
tion who are on medical therapy awaiting surgery.

The objective of this study is to assess
effects of captopril on left ventricular performance
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indices in patients with chronic aortic and/or mitral
regurgitation. The secondary objective is to mea-
sure effect on exercise capacity after the treatment.

METHODS
Patient Selection

The patients eligible in this study have to
meet all entry criteria which are :

@ 15 to 75 years of age, with evidence of aortic
and/or mitral regurgitation confirmed by car-
diac Doppler. Written informed consent must
be obtained from all patients.

@ Patients are in New York Heart Association
functional class I to III

@ Left ventricular ejection fraction greater than
40 per cent as determined by 2D echocardio-
graphy.

@® Maximal exercise test limited by dyspnea and/
or fatigue, but not by angina, claudication or
arthritic complaints.

@ Stable cardiac symptomatology within the pre-

vious 60 days.

Exclusion criteria are :

Myocardial infarction or coronary bypass sur-

gery within the past 60 days.

Symptoms of angina pectoris within 1 month

of entry.

Cardiac arrhythmias except controlled atrial

fibrillation.

Hypertension requiring additional therapy

Treatment with angiotensin converting enzyme

inhibitors within 4 weeks of entering the study.

Serum creatinine concentration > 2.0 mg/dL.

Pulmonary disease which limits exercise capa-

city.

Inability to perform treadmill exercise test.

Obstructive cardiac valvular disease.

Systolic blood pressure < 100 mmHg or > 220

mmHg.

Severe hepatic disease (SGOT or SGPT > 2

folds upper limit of normal).

History of collagen vascular or auto-immune

disease.

Leukopenia (WBC < 3500 /mm3) or neutro-

penia (< 1500 /mm3).

Previously demonstrated hypersensitivity to

angiotensin converting enzyme inhibitors.

Known renal artery stenosis.

Treatment with vasodilators, calcium channel

blockers or beta blockers.
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Randomization and Dose Titration

Patients who met the entry criteria were
randomized to receive placebo (Group 1, n = 21) or
captopril 25 mg bd (Group 2, n = 19) or captopril
50 mg bd (Group 3, n = 20) after captopril testing
dose. Diuretics were withheld on the day of cap-
topril testing dose. Eligible patients were given a
6.25 mg test dose of captopril in hospital clinic,
heart rate and seated blood pressure will be taken
every 15 minutes for 1 hour. If the patients did
not have hypotension with a drop of systolic > 10
mmHg from baseline or systolic blood pressure
fell below 100 mmHg, then the patients were
randomized to 1 tablet of placebo bd in Group 1, to
therapy at 6.25 mg bd increasing to 25 mg bd in
Group 2 and to 50 mg bd in Group 3.

Study Assessment

The patients returned to the clinic at the
end of the week. Compliance was checked with
brief physical examination. If the patients had
symptoms of hypotension or systolic blood pres-
sure < 100 mmHg then the dose of captopril would
be reduced to the level of the lowest tolerated
dose.

The duration of study was four weeks
including 1 week dose titration and 3 weeks therapy
of the target dose.

At baseline the following assessments
were accomplished; complete medical history and
physical examination, chest X-ray and 12 lead
ECG, baseline laboratory profiles, concomitant
medications, New York Heart Association (NYHA)
functional class, and 2D echocardiography includ-
ing Doppler echocardiography to determine left
ventricular end-diastolic dimension index (LVEDI),
left ventricular end-systolic volume index (LVESVI),
Stroke volume index (SVI), and left ventricular
ejection fraction (LVEF) in triplicate measurements
(3 readings at one sitting). Treadmill exercise test
was performed, using a continuous multi-stage
modified Naughton protocol. The exercise was ter-
minated if dyspnea and/or fatigue developed.

At the end of therapy (week 4) patients
returned to the clinic for the following procedures:
compliance check, complete medical history and
physical examination, 12 lead ECG, laboratory pro-
files, concomitant medications, NYHA class,
follow-up echocardiography, and the treadmill
exercise test.

The following concomitant medications
were permitted: diuretics, digoxin, nitrates, antico-
agulant or anti-platelet aggregation medication.

Criteria for Discontinuing Treatment
The following events were reasons for
discontinuing treatment with the study medication:
serious adverse events due to the study drug.
conditions requiring therapeutic intervention.
heart failure requiring treatment.
myocardial infarction.
laboratory findings fulfilling the exclusion cri-
teria i.e. serum creatinine > 2.5 mg/dL.
withdrawal of consent
pregnancy.
8. patients not 80 per cent compliant at week 1
determined by pill count.
9. any other situation where in the opinion of the
investigator, continued participation in the study
would not be in the best interests of the patient.

AR
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Statistical Analysis

P < 0.05 was considered statistically sig-
nificant. For all discrete data, summarization was
presented in form of per cent, and the differences
were analyzed with Pearson's chi-square or Fisher's
exact test for small sample. Means and standard
deviation were used to present continuous data
with normal distribution. One way ANOVA was
performed on comparison of baseline normally
distributed data, and Kruskal-Wallis rank test was
performed for the same purposes for data with
non-normal distribution. Furthermore repeated
measurement method or Friedman two-way
ANOVA was used for multivariate comparison of
variables which were measured repeatedly on time.

All data analysis was performed with
two statistical package; STATA version 4.0 and
SPSS version 7.0.

RESULTS

There were sixty eligible (after test dose)
patients with aortic and/or mitral regurgitation
enrolled and randomized in this study, 21 in Group
1, 19 in Group 2, and 20 in Group 3. The majority
of patients were in New York Heart Association
functional class IIs and IIm. Clinical characteristics
and baseline functional class in the three treatment
groups were similar as presented in Table 1. The
number of patients who took digitalis and diure-
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Table 1. Clinical characteristics of patients with asymptomatic chronic valvular regurgitation comparing
between groups.
Group 1 Group 2 Group 3
Characteristic n=21 n=19 n=20 p - values
number (%) number (%) number (%)
Sex
male 11(52.38) 7 (36.84) 9 (45.0) } 0.61
female 10 (47.62) 12 (63.16) 11 (55.0)
Age (years) 387+17.6 358+ 19.8 359 +16.58 0.73
Systolic blood pressure (mmHg) 135.1£242 126.6 + 18.4 134.8 +22.0 0.69
Diastolic blood pressure (mmHg) 62.6 +15.6 68.0+13.6 60.4 + 14.6 0.51
Baseline functional class*
class I (no limitation) 1(4.76) 4(21.05) 3(15.00) }0.119
class IIS (slight limitation) 15(71.43) 7 (36.84) 15 (75.0)
class IIM (moderate limitation) 4 (19.05) 6(31.58) 2(10.0)
class III (inability on any activity) 1(4.76) 2 (10.53) 0(0.0)
Medications at baseline
digitalis 13 (61.9) 17 (89.5) 7(62.7) 0.004
diuretic 14 (66.9) 16 (84.2) 8(42.1) 0.026
ISDN 1(4.8) 3(15.8) 1(5.0) 0.51
amiodarone 1(4.8) 0 1(5.0) 1.0
ASA and anticoagulant 0 1(5.3) 1(5.0) 0.53
Exercise time (sec) 602.3 + 204 800.4 +278.9 997.7 +296.3 0.59
BUN (mg/dl) 145447 162 +4.8 1427+ 3.6 0.77
Creatinine (mg/dl) 1.0+ 0.0 22 +£703 09+0.1 04
Number of patient with predominant MR 11 (52.4) 14 (73.7) 9(45.0) }0.173
Number of patient with predominant AR 10 (47.6) 5(26.3) 11 (55.0)
LVH by voltage criteria of ECG 20 (95) 19 (100) 19 (95) 0.8

ISDN = isosorbide dinitrate; ASA = aspirin, MR = mitral regurgitation; AR = aortic regurgitation;

LVH = left ventricular hypertrophy

* New York Heart Association Functional Classification

Table 2. Comparison of standing blood pressure and laboratory data between baseline and week-4.

Mean + SD
Parameter Group 1 Group 2 Group 3
SBP(mmHg) week 0 135.1+24.2 126.6 + 18.4 1348 +22.0
week 4 133.0+26.0 1250+ 17.2 126.7 + 38.0
DBP (mmHg) week 0 626+ 15.6 68.0 + 13.60 60.4+ 14.6
week 4 620+ 11.3 647+ 11.8 574+ 110
BUN (mg/dL) week 0 145+ 4.7 162 + 4.8 143436
week 4 154+44 17.7+6.5 143+35
Creatinine (mg/dL) week 0 1.0+ 0.0 22+03 09+0.1
week 4 1.0+00 1.1+03 1.0+03
Uric acid (mg/dL) week 0 66+16 6.6+19 6.0+20
week 4 6.6+22 65+1.7 6.14+22
Potassium (mEqg/1) week 0 41+04 4.0+0.54 42+06
week 4 43+09 43+06 44 +06
Magnesium (mEq/1) week 0 244105 27407 28+12
week 4 25+09 26+82 25+16
SGOT (mg/dL) week 0 26.7 + 18.0 264+ 104 233+82
week 4 348 1+ 18.1 260+ 6.0 213481
SGPT (mg/dL) week 0 2944221 228+ 136 13.7+99
week 4 29.8+21.0 225+ 11.0 13.0+89

All p - value > 0.05 (ANQOVA)

SBP = systolic blood pressure; DBP = diastolic blood pressure; BUN = blood urea nitrogen;
SGOT = serum glutamic-oxaloacetic transarninase; SGPT = serum glutamic-pyruvic transaminase.
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Table 3. Comparison of echocardiographic analysis in patients treated in each group.

Parameters Mean + SD
Group 1 Group 2 Group 3

LVEDD (mm)

baseline 609 +82 633492 62.3+168

week 4 593+9.0 60.6 +15.3 61.3+156
p-values 0.15 0.4 0.17
LVEDS (mm)

baseline 3924738 419+74 400+113

week 4 389+96 430+79 395+93
p-values 0.88 0.36 0.17
LVEDVI (ml/m2)

baseline 1242 +34.0 147.0 + 51.7 1500+ 56.5

week 4 1145+427 1392+ 375 1413+ 570
p-values 0.14 0.22 0.28
LVESVI (m/M2)

baseline 457 +18.7 532 +236 5024204

week 4 46.8 +24.6 558 +26.0 55.8+26.0
p-values 0.76 0.89 0.28
LA dimension (mm)

baseline 438 +12.1 52.1+124 472 +11.4

week 4 464 +9.6 5274163 445+ 133
p-values 02 0.56 0.15
LVEF (%)

baseline 63.7+9.2 63.7+86 66.0 +12.1

week 4 63.1+11.2 61.1+94 68.4+93
p-values 0.76 0.24 0.15

tics was significantly higher in Group 2 than other
groups.

There was no significant difference of
blood pressure in each group at baseline and after
treatment. (Table 2.)

Echocardiographic analysis

Serial changes over time of left ventri-
cular end-diastolic (LVEDD) and end-systolic
dimension (LVEDS), and volume index, and ejec-
tion fraction (LVEF) were assessed in all patients
(Table 3). There were no significant changes in all
echocardiographic parameters during 4-weeks'
follow-up including calculated ejection fractions
between groups.

Using improvement of 5 per cent of LVEF
after treatment, there was still no significant number
of patients in each of the three groups who had
improved LVEF. (Fig. 1)

Exercise capacity

The exercise duration among placebo
group, Group 2, and Group 3 showed no significant
changes after 4-weeks' follow-up (Table 4). There
were more patients who had improvement at least
75 seconds of exercise duration in Group 3 than in
the other two groups (Fig. 2). However, there was
no statistical significance.

Function capacity

There were changes in functional class
during follow-up in each group. There was more
trend of improvement in the functional class in
both captopril treatment arms, especially in high
dose captopril group, but without statistical signifi-
cance. (Fig. 3)

Adverse effects
There was one patient in each Group 1
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Fig. 1. Comparison of the numbers of patients with improvement of LVEF between groups.

Table 4. Comparison of exercise time in patients treated in each group.

Group 1

Mean+SD
Group 2 Group 3

Exercise time at baseline (sec) 802.0+ 2400
Exercise time at week 4 (sec) 911.0+2974

800.4 £279.0 997.0+298.0
903.3+£251.0 1161.0 +295.0

p>0.05

60

40

20

p=0.369

Group 1

Percentage of the patient with
improved exercise time

»

Fig.
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Comparison of the numbers of patients with improvement of exercise time (>75 sec) between group.

T T 1

Group1 Group2 Group 3
Atweek 4

Fig. 3. Functional class changes comparing between each treatment group.
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Fig. 4. Percentage of the patients according to functional class changes (> 1 class) comparing between

each treatment group.

and 2, and two patients in Group 3, who developed
a cough. All except one in Group 3 were able to
continue treatment until the end of the study.

There was no significant difference in
baseline and week 4 electrolytes, renal and liver
functions among the three groups except lower
serum glutamic-pyruvic transaminase (SGPT) in
Group 3. (Table 2)

DISCUSSION

In severe MR, short-term treatment with
vasodilators including intravenous nitroprusside
and intravenous or oral hydralazine reduces sys-
temic vascular resistance and wedge pressure and
increases cardiac output(20). Trial of hydralazine
in asymptomatic moderate to severe AR found
controversial results(10,21). Similar 12-month trial
of nifedipine in asymptomatic AR, gave a poten-
tial value for long-term treatment(22). Since long-
term oral treatment with hydralazine in AR was
complicated by frequent adverse effects(10). There
are few studies using vasodilator in symptomatic
AR. Angiotensin converting enzyme inhibitor has
been used to improve left ventricular volume, mass
and function in chronic mild symptomatic AR. No
long-term studies in MR have been conducted.
Recently, a small trial revealed captopril given in
single moderate dose did not improve hemody-

namics or ventricular performance in symptomatic
patients with severe MR (LVEF 0.52+0.12, 0.49+
0.11 in pre- and post captopril treatment respec-
tively, p = NS)(23). The study of single-dose
therapy was not applicable to clinical practice.
In this study, we attempted to evaluate the
short-term efficacy of captopril in continuous
treatment in patients with valvular regurgitations.
The results showed neither significant improve-
ment in echocardiographic variables nor exercise
duration in treatment groups compared to placebo.
The lack of differences is probably due to consi-
derable limitations in this study. The short obser-
vation time and the limited number of patients.
Using group comparison rather than self control
and using fixed dosage rather than flexible dosage,
e.g., maximal tolerable dosage, may also cause
insufficient different between drugs and placebo.
In addition, there is imbalance in randomization
between baseline characteristics, particularly the
underlying valvular lesions - number of patients
with AR which was higher in Group 3. However,
by Doppler findings, most of our patients had
mixed aortic and mitral regurgitation with one
predominant lesion. Realizing that each valvular
lesion has different hemodynamic changes, future
trials should attempt to differentiate which is pre-
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dominate lesion and study each group separately.
The number of concomitant drugs treated in each
group were also different which might represent
different severity of disease in each group. Finally
this is only a short-term study. Further study with
a large sample size, and longer follow-up period is
required.
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SUMMARY

This study, short term captopril in low
and high doses did not result in changes of ventri-
cular performance and exercise capacity in the
combined patients of mildly’ symptomatic chronic
severe AR and MR. The drug was well tolerated
with few side effects.

(Received for publication on March 24, 1997)
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