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ABSTRACT 
BACKGROUND: This prospective study was designed 

to assess the effects of one year therapy of angiotensin
converting enzyme inhibition with captopril in 88 children 
(mean age 14.4 ± 2.74 years) with chronic asymptomatic 
rheumatic aortic regurgitation (AR). This research was 
performed to test the effect on LV performance of captopril 
with the use of echocardiographic parameters and its role in 
delaying the need for aortic valve replacement. 

METHODS & RESULTS: After 12 months, patients 
receiving Captopril had a significant reduction in left end
diastolic (LVEDD) and end-systolic dimensions (LVESD), LV 
mass index, interventricular septum during diastole, diastolic 
and systolic LV posterior wall dimension, pulmonary artery 
pressure, end systolic wall stress, meridional wall stress and 
aortic regurgitation fraction. An increase in fractional 

INTRODUCTION 

The clinical course of chronic aortic insufficiency is 
characterized by a prolonged stable phase during which the 
left ventricle adapts to regurgitant flow by alterations in size 
and function that maintain cardiac performance in normal or 
close to the normal range. However, once decompensated left 
heart failure develops, rapid deterioration becomes manifest1

• 

The aim of -conservative management is to prevent 
decompensation of the left ventricle for as long as possible. 
The results of several previous studies have indicated that, in 
asympytomatic isolated moderate to severe AR, short and long 
term therapy with vasodilators such as hydralazine, nifedipine 
and nitroprusside can significantly delay the time of aortic 

· valve replacement 2-6 • The success of these therapy is due to a
reduction in the aortic regurgitant volume, and an improvement
in left ventricular function by decreasing end-systolic and end
diastolic volumes and dimensions. On the basis of their
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shortening and ejection fraction were also noted with no 
significant change in the heart rate and blood pressure. 

CONCLUSION: The usual dose of Captopril at 1-1.5

mg/kg/dose significantly reduced LVEDD and aor tic 
regurgitation fraction. It produced a significant change in the 
pre and afterload parameters without associated symptoms of 
secondary adrenergic system activation such as sinus 
tachycardia or hypotension. Acute positive hemodynamic 
effects were confirmed by the result of one-year therapy with 
significant reduction in left vetricular volume overload. These 
suggest the possibility that therapy with ACE inhibitors can 
prolong asymptomatic AR course and delay the need for aortic 
valve replacement. 

(PJC 2000; 28:225-230) 
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vasodilato1y mode of action, angiocensin-convercing enzyme 
(ACE) inhibitors - could be expected to produce equally positive 
effects in the treatment of AR patients. However, these studies 
were performed in adult patients, and to date only one study 
has been reported in children. The study did not compare the 
effect on those who were given the drug and chose who were 
not. The previous study likewise were done to patients with 
chronic AR due to non rheumatic causes. We believe that ACE 
inhibitor therapy is more beneficial in chronic rheumatic AR 
since this disease is known to be progressive. Because of lack 
of sufficient data, ACE inhibitors are not considered in the 
treatment of children with aortic regurgitation in many centers. 
It remains to be established, however, whether chis therapy 
should be recommended in children. 

This prospective study is designed to assess the role of 
ACE inhibitor therapy in children with asymptomatic chronic 
aortic regurgitation with the use of echocardiographic 
parameters. 
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METHODS 
Patient Selection 
From January l, 1998 to September 30, 1999 

asymptomatic patients less than 19 years old in NYHA 
Functional Class I & II and less than 19 years old diagnosed to 
have rheumatic heart disease (RHO), aortic regurgitation 
(regurgitant fraction of greater than 35% ) were analyzed. 
Criteria for inclusion are the presence of normal sinus rhythm, 
moderate to severe aortic insufficiency for a minimum of l 
year duration, asymptomatic clinical status, and normal left 
ventricular systolic function. Exclusion criteria were mixed 
aortic stenosis and regurgitation, evidence of additional 
significant valvular lesions or congenital heart disease, 
echocardiograms of insufficient quality to make adequate 
measurements, active rheumatic carditis, previous vasodilator 
drug therapy and other cardiac or noncardiac ailments. 

Study Protocol 
The initial evaluation of all patients included a complete 

history and physical examination. Dose and duration of 
captopril intake and ocher current cardiac drugs were noted. 
Complete blood count, acute phase reactants (erythrocyte 
sedimentation rare, C-reactive protein), anti-srreptolysin 0, 
urinalysis, 15 L-ECG, postero-anrerior and lateral chest 
roentgenography, and detailed echocardiographic study 
comprised the laboratory work up. Subjects were divided into 
2 groups, those who were given 1 to 1.5 mg/kg/day orally 
administered captopril (group I) and those who were not (group 
II). All clinical and laboratory parameters done on day 1 and 
subsequently after 12 months were recorded. Guidelines used 
for captopril dose in this study were based on previous drug 
trials of 1-1.5 mg/kg/day given three rimes daily33 •

Echocardiographic Study 
Complete 2 D Echo and Doppler analysis were done by a 

single person blinded to rhe scams of the patient. The following 
echocardiographic parameters were noted: end diastolic volume 
index (LVEDY), end systolic volume index (LYESV), left 
ventricular end diastolic diameter (LVEDD), left ventricular 
systolic diameter (LYESD), meridional wall stress, regurgirant 
fraction (RF), left ventricular mass index: and ejection fraction. 

Aortic Insufficiency was quantified by the height of 
regurgitant jet in the left ventricular outflow tract from the 
parasternal long axis view. 

Data Analysis: 
Unpaired and paired 2 sample student's t-resr were used co 

analyze the difference of the mean between 2 groups and rhe 
data were presented as mean ± standard deviation 

RESULTS 

Study Group. 
A total of 124 patients with moderate to severe rheumatic 
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aortic regurgitation from January I, 1997 to September 30, 
1999 were seen at the OPD . Thirry six patients were excluded 
from the study. Sixteen patients had reactivation, 4 were lost 
to follow-up, while 4 did not have repeat 20 echo after 1 year. 
Three patients were admitted for aortic valve replacement, 
while 5 charts were not available for review. A total of 88 
subjects were finally included in this study. All patients in the 
study were taking maintainance of digoxin and a diuretic either 
hydrochlorthiazide (68%), aldactone (31 %) and furosemide 
(1 %). Fifry ( 56.8%) patients were included in group I (with 
captopril) while 38 (43.2%) belonged to group II ( without 
captopril). Forty eight (54.5%) were males and 40 (45.5%) 
were females with a mean age of 14.4 ± 2.74. There was no 
statistical difference as to age, sex, and weight between the 
two groups. (Fig. 1) 
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Figure 1. Sex distribution of patient with and without captopril. 

Hemodynamic Changes. 
All subjects presented with left ventricular hypertrophy 

(LVH) by electrocardiogram (ECG) and radiography. In group 
I, 14.6% had evidence of congestion by chest x-ray. In the 
control group (Grp. II), 18% had congestion initially which 
decreased to 5% after one year. However, these CXR findings 
were not sraristically different in both groups (p=0.469). Twenty 
one percent in group I had baseline evidence of left ventricular 
strain that completely resolved after 1 year of therapy. In the 
control group, 19% had LV strain by ECG initially which 

Table 1. Hemodynamic Changes 

Paramecers Grp. l ( + Cap copril) Grp. 2 (- Captopril) Pvalue 

C SD C SD gip.l '4gip.2 

Sytolic Blood Pressure 
Baseline 128.57 17.57 118.85 1423 
Afier 1 yr. 120.29 16.47 115.0 15.03 0.000-
Difference -8.29 16.18 -3.85 8.98 
pvaluc 0.005 0.0539

Diastolic Blood Pressure 
Baseline 46.67 15.17 34.28 17.48 
Alter 1 yr. 37.78 16.803 38.57 16.51 0.000-
Difference -8.89 12.78 4.2857 16.51 
pvalue 0.009 0.349 

Heart Rate 
Baseline 89.7 10.04 88.8 12.67 
Afier I year 83.3 9.86 89.4 13.8 0.000-
DiJference -6.4 8.86 1.001 238 

pvalue 0.005 0.056 

•

• 
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Table 2. ChangesinlheEchocadiographicParameterswith12Mooth 

Captopril Therapy 

Parameters Grp. l ( + Captopril) Grp. 2 (- Capropril) 
C SD C SD 

LV End Diastolic Diameter 
Baseline 6.2938 
After I yr. 5 .8941 
Difference -0.3997
pvalue 0.004 

LV End Systolic Diameter 
Baseline 4.12 
After I yr. 3.78 
Difference -0.3431
pvalue 0.001 

IV Septum - Systole 
Baseline 1.2031 
After 1 yr. 1.3247 
Difference 0.1216 
p value 0.053 

IV Septum - Diastole 
Ba.lC!ine 0.9134 
After I yr. 0.8328 
Difference - 0.0806
p value 0.0078 

LV Post . Wall- Diastole 
Baseline 0.9144 
After 1 yr. 0.8841 
Difference - 0.0303
pvalue 0.0514 

LV Post. Wa ll- Systole 
Baseline 1.5 212 
After 1 yr. 1.3572 
Di fferencc - 0 .I 641
pvalue 0.006 

Ejection Fraction 
Baseline 62.2500 
After I yr. 67.0625 
Difference 4.8125 
pvalue 0.008 

Fractional Shortening 
Baseline 34.94 
After! yr. 36.91 
Difference 1.97 
pvalue 0.232 

Aortic Regurgitation 
Baseline 58.22 
After 1 yr. 44. 78 
Difference -13.44
p value 0.000 

Pulm. Artery Pressure (PAP) 
Baseline 34.53 
After I yr. 27.47 
Difference -7.06
pvalue 0.012 

End Systolic Wall Stress 
Baseline 238.76 
After! yr. 197.22 
Difference - 4 J .54 
pvaluc 0.o?8 

0.705 
0.826 
0.727 

0.689 
0.664 
0.508 

0.294 
0.264 
0.341 

0.163 
0.210 
0.250 

0.218 
0.206 
0.260 

0.285 
0.297 
0.316 

9.070 
6.415 
9.583 

7.2 
6.51 
9.13 

11.81 
17.67 
19.10 

13.41 
6.085 
14.93 

121.7 
99.25 
128.97 

Meridional Wall stress (gm/cm') 
Baseline 125.7 33.4 
After 1 yr. 107. 34 14.4
Difference -18.6 9.8 
p value 0.008 

LV Mass Index (gm/m2 ) 

Baseline 128.6 
After I yr. 121.3 
Difference -7.4
p value 0.005 

34.8 
23.6 
1.21 

5.76 
6.43 
0.6752 
0.000 

3.71 
4.19 
0.4756 
0.004 

1.32 
J.36
0.0396
0.652

0.95 
1.04 
0.09 
0.138 

0.9636 
1.04 
0.728 
0.145 

1.36 
1.564 
0.2044 
0.008 

64.8 
62.8 

-1.96
0.339

36.24
35.64
-0.60
0.653

50.96 
58.1 
7.120 
0.013 

28.32 
19.16 
0.84 
0.636 

206.2 
181.53 
-24.67
0.335

123.5 
125.3 
0.2 
0.069 

127.9 
128.3 
0.406 
0.058 

1.17 
l.l9
0.760

0.965 
1.194 
0.749 

0.34 
0.24 
0.434 

0.256 
0.217 
0.296 

0.300 
0.267 
0.242 

0.227 
0.287 
0.350 

9.73 
8.83 
10.05 

7.22 
5.94 
6.59 

10.64 
l J.39
13.34

5.65 
7.85 
8.76 

115.67 
106.23 
125.41 

23.6 
15.8 
11.8 

33.2 
31.5 
1.70 

Pvaluc 
Grp. I vs. 
Grp. II 

0.000"-'

0.525 

0.0191** 

0.000* .. 

0.031' 

0.013°

0.037' 

0.000"* 

0.852 

0.009** 

0.004** 

0.006** 
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increased co 23% after I year. This was found w be statistically 

significant (p=0.0486). 
Among patients receiving captopril, there was a scatiscically 

significant decrease in the mean systolic (p=0.005) and diastolic 
(p=0.009) blood pressure and heart rate (p= 0.005). In the 
control group there was no significant statistical change in the 
above parameters. The difference between the two groups, 
achieved statistical significance (p=0.000} (Table 1). 

Echocardiographic Parameters 
There was a significant decrease in che LVEDV, LVESV, 

PAP, aortic regurgitanc fraction, end systolic stress, meridional 
wall stress, LV mass index and a significant increase in che 
ejection fraction, fractional shortening after 12 months of 
captopril treatment. In the control group, there was a significant 
increase in LVEDV, LVESV, and aortic regurgitation. There 
was no change in ejection fraction, fractional shortening, MWS 
and LVMI. However chis did not reach scaciscical significance. 

Progression to Surgery 
A total of 16 (42%) in the control group and 2 (4%} in the 

experimental group eventually required surgery because of 
worsening of symptoms. (Fig. 2) 

Side Effects 
No side effects of the drug were noted during the course 

of the study. 

Figure 2. Patients who eventually needed surgery for both control & 
captopril group 

DISCUSSION 
The insidious onset of myocardial contractile dysfunction 

in patients with chronic aortic regurgitation may be clinically 
masked by compensatory factors chat maintain overall left 
ventricular systolic performance s- 10• It is characterized by a
prolonged stable phase during which the LV adapts co 
regurgicant flow by alterations in size and function that maintain 
cardiac performance in or close co normal range. However, 
prolonged volume overload often leads co deterioration in LV 
performance so chat lacer in the course, signs and symptoms 
of cardiac dysfunction often develop. This scenario has 
important implications regarding the timing of aortic valve 
replacement which, ideally should be delayed until surgical risk 
is balanced by the likehood of irreversible damage co the left 
ventricular concraccile mechanism. An intriguing prospect is 
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that the prophylactic administration of a vasodilator therapy 
during the stable plateau phase of volume overload might be 
able to reduce either the extent of LV dilatation or its 
progression and improve its function, hence alter its natural 
history and influence surgical option. LV dilatation develop in 
response to chronic regurgitant flow and in general reflects the 
severity and duration of the lesion 11. Although in many cases 
the LV can compensate to chronic volume overload of aortic 
insufficiency for an extended period of time, systolic pump 
function often deteriorates when this condition is prolonged 
unless correction of the lesion is done. LV size has been shown 
to be an effective important predictor of the requirement for 
valve replacement. Thus, it is reasonable to speculate, that a 
treatment producing sustained reduction in LVEDD and 
regurgicant fraction might also affect the progression of the 
disease and delay the need for surgical treatment. 

There is convincing evidence chat the renin-angiocensin 
aldosterone system (RAAS) play a major role in the pathogenesis 
and progression of LV dysfunction in a volume overloaded 

12 
hearr like, chronic aortic regurgitation . Angiotensin (Ang) II 
is a potent vasoconstrictor agent, and through the release of 
aldosterone, promotes salt and water retention. Moreover, Ang 
II is a growth factor for both cardiac myocytes and fibroblasts. 
Exposure of these cells to the Ang II leads to the induction of 
genes chat produce characteristic phenotypic alterations that 
are similar to those seen during cardiac remodelling 12

• In the 
heart, local generation of Ang II within the ventricular muscle 
may participate in the process of adaptation to physiological 
and pathophysiological forms of stress (eg. compensatory 
hypertrophy). 

Angiocensin II also contributes to the generalized and 
mostly deleterious activation of the neurohormonal systems 
both within the heart and throughout the body by promoting 
release of agents such as norepinephrine and endochelin. The 
immediate effect of the RAAS activation are increased cardiac 
afterload and preload. The long term effects appear to include 
adverse cardiac remodelling characterized by ventricular 
dilatation, hypertrophy and changes in chamber configuration, 
all of which predispose to progressive left ventricular 
dysfunction. The strong evidence in experimental studies 
demonstrating the interruption of this system will have favorable 
effects on the clinical course, including prolonged survival in 
chronic aortic regurgitation. ACE Inhibitors diminish the Ang 
II directed release from the adrenal cortex of aldoscerone, a 
hormone that not only diminishes sodium loss bur may also 
act directly on the cardiac muscle to promote increase collagen 
deposition and fibrosis. ACE inhibition tend to decrease the 
high degree of activation of the sympathetic nervous system 
activity in heart failure. This may be due primarily to improved 
hemodynamics and also to the direct inhibition of Ang II 
modulated control and peripheral nervous system activity. ACE 
inhibitors also induce venous as well as arterial vasodilaration 
and therefore have direct effects on the left ventricular preload 
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and afterload. ACE has several known substrates other than 
Ang I. It blocks the breakdown of bradykinin, a potent 
vasoconstricror which reduces vasomotor tone by enhancing 
the release of vasodilator substances from the vascular 
endothelium. It can also enhance the formation of the 
vasodilatory prostaglandin E2 • captopril has a dose dependent 
stimulatory effect on prostaglandin E2 synthesis by 
renomedullary cells. Mean arcerial pressure decline with modest 
increase in ejection fraction and the fall in the ventricular end 
diastolic pressure and volume are changes that improve 
myocardial energy merabolism 13

-
27

• 

Some journals also report negative effects of ACE inhibitors 
• • • 27.28 

such as ang10edema and renal unpa1rment . The exact 
incidence of angio-edema caused by ACE inhibition is 0.1-
0.2%. However, most of the episodes are mild and symptoms 
subside upon withdrawal of the drug28

•
29

. Renal impairment 
can be caused by ACE inhibitors particularly in patient with 
unilateral or bilateral renal artery stenosis30

•
31

• This was not 
noted in any of our patients. 

Our present study have shown the beneficial effect of 
captopril in chronic AR. A significant decrease in the LV size 
and regurgitant fraction, with increase in ejection fraction was 
noted which indicates improvement in LV performance despite 
the chronicity of AR. 

The changes in the LV volumes that occurred in this trial 
appear to result from the effects of capropril on ejection fraction 
and regurgitant flow. Patients who received captopril had a 
statistically significant increase in ejection fraction and 
reduction in regurgitant fraction. The favorable result of 
captopril is comparable with those reported by other authors 
in adulr patients. Single oral dose as well as three-to five month 
long term therapy with captopril revealed a 32%.reduction in 
the RF without any effect on the heart rate 32

•
33

• Captopril 
which has an effect on arterial dilatation, will acutely increase 
ejection fraction and reduce the amount of regurgitation in 
patients with AR by lowering systemic vascular resistance. This 
is consistent with the findings in our study showing a significant 
decrease in systemic blood pressure in the captropril group. 
Enhanced emptying of the left ventricle because of reduction 
in systemic vascular resistance could explain some of the 
changes in volume that were seen. We have shown that the 
administration of captopril reduced the diastolic blood pressure 
in the present trial, as in other studies 34

·
35

• Pressure is a major 
determinant of ventricular wall stress. If captopril reduced 
diastolic pressure in this present study, it is likely char diastolic 
wall stress would have been reduced. Because increases in wall 
stress may have been postulated to t ,ay a role in the development 
of left ventricular dilatation 36, a rnsrained reduction in diastolic 
wall stress have been responsible for preventing remodelling 
of the left ventricle. captopril therapy may be analogous to 
changes that occur in the late after surgery period after valve 
replacement for aortic insufficiency. Immediately after surgery, 
LV volumes decrease rapidly as a result of termination of 
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regurgitant flow37
• However, further progression of left

ventricular dilatation often continues for several months,
presumably as a result of changes of loading conditions 38

• 

Overall. there was a statistically significant evidence of
progressive left ventricular dilatation or dysfunction in the
control group.

The delay in the deterioration of LV performance, LVEDD/ 
LVEDV, LVESD/LVESV, RF, EF and_ the need for surgical 
replacement of the aortic valve are the primary end points to 
be evaluated with regards to the .usefulness of captopril in 
altering the course of chronic aortic regurgitation . 

An increase in LVEDD and LVEDV reflects the severity 
of the disease and is a predictor of subsequent surgery. LVESV 
(which decreased with captopril) is an even more powerful 
predictor of future deterioration in the left ventricular 
performance. This may relate to the fact that this variable is an 
important determinant of left ventricular wall stress, a factor 
that strongly influences left ventricular function in patients with 
aortic valve disease. W hether vasodilator induced changes in 
these measurements influence the outcome of patients with 
chronic AR must still be determined in future studies. The 
need for surgery is usually the primary end point. Only 4% of 
patients in the captopril group needed surgery compared to 
24% in the control group. 

Long term benefit observed with vasodilator therapy in 
asymptomatic patients with moderate to severe aortic 
regurgitation may be related to the optimization of the total 
arterial elasrance through a reduction in vascular resistance, 
which may in parallel fashion, prevent or delay maladaptation 
of the arterial system. 

CONCLUSION 

In conclusion, our data permits the following conclusions 
to be drawn. First, the capropril dose of 1-1.5 mg/kg/dose 
significantly reduced LVEDD and aortic regurgitation fraction. 
It produced a significant reduction in preload and afterload 
parameters without the associated symptoms of secondary 
adrenergic system activation such as sinus tachycardia, or 
hypotension. Secondly, captopril significanrly reduced left 
ventricular volumes. Third, acute positive hemodynamic effects 
were sustained after one-year of therapy. These suggest the 
possibility that therapy with ACE inhibitors can prolong the 
asymptomatic period or AR and delay the need for aortic valve 
replacement. 
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