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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. 

* Division of Cardiology, Department of Medicine, 
** Her Majesty's Cardiac Centre, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok 10700, 

Thailand. 
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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 performance0-3). 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 (AII)O). 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 All synthesis is 
also believed that in cellular level can limit detri­
mental cell growth and hypertrophy. Therefore, 
blockade of All 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 published03,14). 

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 dysfunction05, 16). A 
number of various indexes was proposed to allow 
clinicians to detect and avoid irreversible left 
ventricular dysfunction07-19). 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 : 
e 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. 

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

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

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

e Stable cardiac symptomatology within the pre­
vious 60 days. 

Exclusion criteria are : 
e Myocardial infarction or coronary bypass sur­

gery within the past 60 days. 
e Symptoms of angina pectoris within 1 month 

of entry. 
e Cardiac arrhythmias except controlled atrial 

fibrillation. 
e Hypertension requiring additional therapy 
e Treatment with angiotensin converting enzyme 

inhibitors within 4 weeks of entering the study. 
e Serum creatinine concentration > 2.0 mg/dL. 
e Pulmonary disease which limits exercise capa-

city. 
e Inability to perform treadmill exercise test. 
e Obstructive cardiac valvular disease. 
e Systolic blood pressure < 100 mmHg or > 220 

mmHg. 
e Severe hepatic disease (SGOT or SGPT > 2 

folds upper limit of normal). 
e History of collagen vascular or auto-immune 

disease. 
e Leukopenia (WBC < 3500 /mm3) or neutro­

penia (< 1500/mm3). 
e Previously demonstrated hypersensitivity to 

angiotensin converting enzyme inhibitors. 
e Known renal artery stenosis. 
e 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 I 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 (L VEDI), 
left ventricular end-systolic volume index (L VESVI), 
Stroke volume index (SVI), and left ventricular 
ejection fraction (L VEF) 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: 
1. serious adverse events due to the study drug. 
2. conditions requiring therapeutic intervention. 
3. heart failure requiring treatment. 
4. myocardial infarction. 
5. laboratory findings fulfilling the exclusion cn-

teria i.e. serum creatinine > 2.5 mg/dL. 
6. withdrawal of consent 
7. 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. 

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 ANOV A 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 
ANOV A 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 lis and lim. Clinical characteristics 
and baseline functional class in the three treatment 
groups were similar as presented in Table I. 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 
Characteristic n=21 n= 19 

number(%) number(%) 

Sex 
male 11 (52.38) 7 (36.84) 
female 10 (47.62) 12 (63.16) 

Age (years) 38.7 ± 17.6 35.8 ± 19.8 
Systolic blood pressure (mmHg) 135.1 ± 24.2 126.6 ± 18.4 
Diastolic blood pressure (mmHg) 62.6 ± 15.6 68.0 ± 13.6 
Baseline functional class* 

class I (no limitation) I (4.76) 4 (21.05) 
class liS (slight limitation) 15 (71.43) 7 (36.84) 
class liM (moderate limitation) 4 (19.05) 6 (31.58) 
class III (inability on any activity) I (4.76) 2 (10.53) 

Medications at baseline 
digitalis 13 (61.9) 17(89.5) 
diuretic 14 (66.9) 16 (84.2) 
ISDN I (4.8) 3 (15.8) 
amiodarone I (4.8) 0 
ASA and anticoagulant 0 I (5.3) 

Exercise time (sec) 602.3 ±204 800.4 ± 278.9 
BUN (mg/dl) 14.5 ±4.7 16.2 ±4.8 
Creatinine (mg/dl) 1.0 ± 0.0 2.2 ± 70.3 
Number of patient with predominant MR 11 (52.4) 14 (73.7) 
Number of patient with predominant AR 10 (47.6) 5 (26.3) 
L VH by voltage criteria of ECG 20 (95) 19 (100) 

ISDN= isosorbide dinitrate; ASA =aspirin; MR =mitral regurgitation; AR = aortic regurgitation; 
L VH = left ventricular hypertrophy 
* New York Heart Association Functional Classification 

Group 3 
n=20 

number(%) 

9 (45.0) 
11 (55.0) 

35.9 ± 16.58 
134.8 ± 22.0 
60.4 ± 14.6 

3 (15.00) 
15 (75.0) 
2 (10.0) 
0(0.0) 

7 (62.7) 
8 (42.1) 
1 (5.0) 
1 (5.0) 
1 (5.0) 

997.7 ± 296.3 
14.27 ± 3.6 
0.9±0.1 
9 (45.0) 
11 (55.0) 
19 (95) 

p- values 

} 0.61 

0.73 
0.69 
0.51 

}0 119 

0.004 
0.026 
0.51 
1.0 
0.53 
0.59 
0.77 
0.4 

} 0.173 

0.8 

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

Mean±SD 
Parameter Group 1 Group 2 

SBP(mmHg) weekO 135.1 ± 24.2 126.6 ± 18.4 
week4 133.0± 26.0 125.0± 17.2 

DBP(mmHg) weekO 62.6± 15.6 68.0± 13.60 
week4 62.0 ± 11.3 64.7 ± 11.8 

BUN(mg/dL) weekO 14.5±4.7 16.2±4.8 
week4 15.4 ± 4.4 17.7±6.5 

Creatinine (mg/dL) weekO 1.0± 0.0 2.2±0.3 
week4 1.0 ± 0.0 1.1 ± 0.3 

Uric acid (mg/dL) weekO 6.6 ± 1.6 6.6 ± 1.9 
week4 6.6±2.2 6.5 ± 1.7 

Potassium (mEq/1) weekO 4.1 ± 0.4 4.0±0.54 
week4 4.3 ± 0.9 4.3 ± 0.6 

Magnesium (mEq/1) weekO 2.4 ± 0.5 2.7 ±0.7 
week4 2.5±0.9 2.6±8.2 

SOOT (mg/dL) weekO 26.7 ± 18.0 26.4 ± 10.4 
week4 34.8 ± 18.1 26.0±6.0 

SGPT (mg/dL) weekO 29.4 ± 22.1 22.8 ± 13.6 
week4 29.8 ± 21.0 22.5 ± 11.0 

All p - value> 0.05 (ANOV A) 
SBP = systolic blood pressure; DBP =diastolic blood pressure; BUN =blood urea nitrogen; 
SOOT = serum glutamic-oxaloacetic transaminase; SGPT = serum glutamic-pyruvic transaminase. 

Group 3 

134.8 ± 22.0 
126.7 ± 38.0 
60.4± 14.6 
57.4 ± 11.0 
14.3 ± 3.6 
14.3 ± 3.5 
0.9±0.1 
1.0 ± 0.3 
6.0± 2.0 
6.1 ±2.2 
4.2± 0.6 
4.4 ± 0.6 
2.8 ± 1.2 
2.5 ± 1.6 

23.3 ± 8.2 
21.3 ± 8.1 
13.7 ± 9.9 
13.0± 8.9 
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Table 3. Comparison of echocardiographic analysis in patients treated in each group. 

Parameters 

LVEDD(mm) 
baseline 
week4 

p-values 

LVEDS(mm) 
baseline 
week4 

p-values 

L VEDVI (rn1Jm2) 
baseline 
week4 

p-values 

LVESVI (ml!M2) 
baseline 
week4 

p-values 

LA dimension (mm) 
baseline 
week4 

p-values 

LVEF(%) 
baseline 
week 4 

p-values 

Group I 

60.9 ± 8.2 
59.3 ±9.0 

0.15 

39.2 ± 7.8 
38.9 ± 9.6 

0.88 

124.2± 34.0 
114.5 ±42.7 

0.14 

45.7 ± 18.7 
46.8 ±24.6 

0.76 

43.8 ± 12.1 
46.4±9.6 

0.2 

63.7 + 9.2 
63.1 + 11.2 

0.76 

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 (L VEDD) and end-systolic 
dimension (L VEDS), and volume index, and ejec­
tion fraction (L VEF) 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 L VEF 
after treatment, there was still no significant number 
of patients in each of the three groups who had 
improved L VEF. (Fig. I) 

Mean±SD 
Group 2 Group 3 

63.3 ± 9.2 62.3 ± 16.8 
60.6 ± 15.3 61.3 ± 15.6 

0.4 0.17 

41.9 ± 7.4 40.0 ± 11.3 
43.0±7.9 39.5 ± 9.3 

0.36 0.17 

147.0 ± 51.7 150.0 ± 56.5 
139.2 ± 37.5 141.3 ± 57.0 

0.22 0.28 

53.2 ± 23.6 50.2 ± 20.4 
55.8 ± 26.0 55.8 ± 26.0 

0.89 0.28 

52.1 ± 12.4 47.2± 11.4 
52.7 ± 16.3 44.5 ± 13.3 

0.56 0.15 

63.7 + 8.6 66.0±12.1 
61.1 + 9.4 68.4 ± 9.3 

0.24 0.15 

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 I 
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Group 1 Group 2 Group 3 

Fig. 1. Comparison of the numbers of patients with improvement of L VEF between groups. 

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

Exercise time at baseline (sec) 
Exercise time at week 4 (sec) 

p > 0.05 

z: 
l Gl 

-c.S 
Gl -;: 5: 
3.-u 
.! = - )( 
- Gl 0 , 
Gl Gl 

i'~ - .. c a. 
Gl E 
~-:. 

Group I 

802.0 ± 240.0 
911.0 ± 297.4 

Group 1 Group 2 

Mean±SD 
Group 2 

800.4 ± 279.0 
903.3 ± 251.0 

Group 3 

Group 3 

997.0 ± 298.0 
1161.0 ± 295.0 

p• 0.369 

Fig. 2. Comparison of the numbers of patients with improvement of exercise time ( >75 sec) between group. 

100% .,---_r---,-r----.--,..--

80% 

60% 

40% 

20% 

0%~~~~~~~_.~ 

Group 1 Group 2 Group 3 

WeekO 

100% T"""'-r-'~~-~~-

80% 

60% +-r::::l--.r:::::I--~J 

40% +-L::: 1----1:::::::1---1 

20% 

0% +-...._..J...-or--1~......., ......... -L-.., 

Group 1 Group 2 Group 3 
At week4 

Fig. 3. Functional class changes comparing between each treatment group. 
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•worse 

C stable 

[J~roved 

Group1 Group 2 Group3 

Fig. 4. Percentage of the patients according to functional class changes (> I 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(IO). 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 (L VEF 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) 

REFERENCES 
1. Haskings GJ, Esler MD, Jennings GL, et a!. 

Norepinephrine spillover to plasma in patients 
with congestive heart failure: evidence of in-
creased overall and cardio-renal sympathetic 
nervous activity. Circulation 1986; 73:615-23. 

2. Francis GS, Goldsmith SR, Levine TB, et a!. 
The neurohormonal axis in congestive heart 
failure. Ann Intern Med 1984; 101: 370. 

3. Francis GS, Benedict C, Johnstone DE, et al. 
Comparison of neurohormonal activation in 
patients with left ventricular dysfunction with and 
without congestive heart failure. A substudy of the 
studies of left ventricular dysfunction (SOL VD). 
Circulation 1990; 82: 1724. 

4. CONSENSUS Trial Study Group. Effects of 
enalapril on mortality in severe congestive heart 
failure. Results of the Cooperative North Scan-
dinavian Enalapril Survival Group (CONSEN-
SUS). N Eng! J Med 1987; 316: 1429. 

5. SOL VD-Investigators. Effect of enalapril on sur-
viva! in patients with reduced left ventricular 
ejection fractions and congestive heart failure. N 
Engl J Med 1991; 325: 293. 

6. Cohn JN, Johnson G, Ziesche S, et al. A compari-
son of enalapril with hydralazine-isosorbide dini-
trate in the treatment of chronic congestive heart 
failure. N Engl J Med 1991; 325: 303. 

7. Kelly RA, Smith TW. The pharmacologic treat-
ment of heart failure. In Hardman JG, Limbrid L 
(eds). Goodman & Gilman's Pharmacologic Basis 
of Therapeutics, 9th ed. New York, McGraw Hill 
Book Co. 1996. 

8. Reske SN, Heck I, Kropp J, et al. Captopril 
mediated decrease of aortic regurgitation. Br 
Heart J 1985; 54: 418. 

9. Lin M, Chiang HT, Lin SL, et al. Vasodilator 
therapy in chronic asymptomatic aortic regur-
gitation: enalapril versus hydralazine therapy. J 
Am Coli Cardioll994; 24: 1046-33. 

10. Greenberg B, Massie B, Bristow D, et al. Long 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

term vasodilator therapy of chronic aortic insuf­
ficiency: a randomized double-blinded, placebo­
controlled clinical trial. Circulation 1988; 78: 92-
103. 
Greenberg B, Rahimtoola SH. Long-term vaso­
dilator therapy in aortic insufficiencies: evidence 
for regression of left ventricular dilatation and 
hypertrophy and improvement in systolic pump 
function. Ann Intern Med 1980; 93: 440-2. 
Greenberg B, De Mots H, Murphy E, Rahimtoola 
SH. Beneficial effects of hydralazine on rest and 
exercise hemodynamics in patients with chronic 
severe aortic insufficiency. Circulation 1980; 62: 
49-55. 
Wisenbaugh T, Sinovich V, Dullabh A, Sareli P. 
Six month pilot study of captopril for mildly 
symptomatic, severe isolated mitral and isolated 
aortic regurgitation. J Heart Valve Dis 1994; 3: 
197-204. 
Schon HR, Schroter G, Garthal P, Schomig A. 
Quinapril therapy in patients with chronic mitral 
regurgitation. J Heart Valve Dis 1994; 3: 303-12. 
Bonow RO, Rosing DR, Mcintosh CL, et al. The 
natural history of asymptomatic patients with 
aortic regurgitation and normal left ventricular 
function. Circulation 1983; 68:509-17. 
Schuler G, Peterson K, Johnson A, et al. Temporal 
response of ventricular performance to. mitral 
valve surgery. Circulation 1984; 59: 1218-31. 
Pirwitz MJ, Lange RA, Wilard JE, et al. Use of 
the left ventrK:ular peak systolic pressure/end­
systolic volume ratio to predict symptomatic 
improvement with valve replacement in patients 
with aortic regurgitation and enlarged end systolic 
volume. JAm Coli Cardioll994; 24: 1672-7. 
DiBiasi P, Paje' A, Salati M, et al. Surgical timing 
in aortic regurgitation: left yentricular function 
analysis by contractility score. Ann Thorac Surg 
1994; 58: 509-15. 
Gaasch WH, John RM, Aurigemma GP. Manag-



Vol.81 No.1 CAPTOPRIL IN PATIENTS WITH CHRONIC LEFr SIDED VALVULAR REGURGITATIONS 9 

20. 

21. 

ing asymptomatic patients with chronic mitral 
regurgitation. Chest 1995; 108: 842-7. 22. 
Chatterjee K, Parmley WW, Swan HJC, et al. 
Beneficial effects of vasodilator agents in severe 
mitral regurgitation due to dysfunction of subval-
vular apparatus. Circulation 1973; 48: 684-90. 23. 
Kleaveland JPK, Reichek N, McCarthy Dm, et al. 
Effects of six-month afterload reduction therapy 
with hydralazine in chronic aortic regurgitation. 

An J Cardiol1986; 57: 1109-16. 
Scognarniglio R, Fasali G, Ponchia A, Dallas-Volta 
S. Long-term nifedipine unloading thearpy in 
asymptomatic patients with chronic severe aortic 
regurgitation. JAm Coli Cardiol1990; 16: 424-9. 
Rothlisbergeer C, Sareli R, Wisenbaugh T. Com­
parison of single dose nifedipine and captopril for 
chronic severe mitral regurgitation. Am J Cardiol 
1994; 73: 978-81. 

Ln :! .. , .• zn« ~ ~~r * ~- r ** r * wv • 4J':irt':i J'J'l.nnJ, w. u. , utJ Nmuun, w. u. , wmfl 'J"n7, w. u. , 
PJ.nitJ 7'1ftJSm~wf, w.u. **, n7Q!4J'IJ7 m7ucvun, wtJ.u. **, ?m?u -r~uih::nnitJ, wtJ.u. ** 

hl~nl!lltj'thtJiful1lh h.Jt;rl"i~LLCl::if'Ul1lhLEJmrf~nflL~flf~ ~ll.ll'U 60 1'1\.1 Lvlm.h::L:i1uth::NYJOrnY.mel:: 

c..Jel'li'l~L~tJ~'liEl~ captopril L(;ltJ1l1tj'tlltJfutb::mum 50 l·.Jn.~Ell"U l11El 100 ~n.~fll"U dJunell 4 ~tlm~ rntJ'I-1~~ 

''lln hlfu captopril hh•flJnl"iLU~tJ\.ILL Uel~'liEl~'li"Ul(;l'JlEJ~l1l hl1EJ~'li'ltJ l11Elm"iLU~tJ\.ILL Uel~l'lll~l'n~l"in1 um"iutJiill 

'lJEJ~n~l~LifEJl1lh (left ventricular ejection fraction) "i::Wil~n~~&JtlltJffi~m captopril LiitJunun~~l'llUI'.)~ 
LLCl:: hUlm"iL t.l~ tJuu. tlel~~~"i1nm~ 1 um"iEJEJnfn~~mtJuum tJ~lu hi'EJ clwr(;]L "lu LL~;:l u. u1 t ll'~"l::rn 1l-i'l'!ll~ ~l~l"in1 u 

m"iUUiill'lJEJ~n~l~LifEll1lh~~u1un~~ffi~ captopril 'lJ"Ul(;l 1 00 ~n.~EJl"U m1~nl!llift,.j~uc . .m'li'l~L~tJ~1ULL "i~"llntJl 

• .,-l'lll'r1Yl!JlY1!11, tnl'll'nl<Jl!j'ii'Tl.,-(;1{ l'lt1J:::LL'IWI!JI'Tl.,-(;lfmn'I1W!JlUl<l, 

~ltJml\J~\J!Jl 'il'l...,ll'i.,-I.JL3J'lW'i:::U'ii.J"il;!ihnn, I'Jt1J:::LLW'YI!JI'Tl.,-(;lfm'il'!1W!IlUl<l, I.J'r1ll'Y1Eil~!JI.Ji1(;10l, n1~L'YIW '1 1 0700 


