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Changes in ventricular size and plasma renin
activity after cardiac surgery in children*t
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SUMMARY Plasma renin activity and one-dimensional echocardiographic measurements of the left
atrium and left ventricle as well as function indices were studied repeatedly in 20 children with
various cardiopathies (ages: 9 months to 15 years) before and after corrective surgery. Nine children
had tetralogy of Fallot, four had pulmonary stenosis, four had rheumatic heart disease, two had
ventricular septal defect, and one had atrial septal defect.

Plasma renin activity was normal preoperatively, but increased significantly immediately after
surgery, was still significantly higher on the 12th postoperative day and returned to normal six to eight
weeks after surgery. Patients with tetralogy of Fallot and pulmonary stenosis had higher plasma renin
activity values than the others.

There was a positive correlation between plasma renin activity and postoperative percentage change
of the left ventricular dimension. In patients with tetralogy of Fallot and pulmonary stenosis, this
meant that plasma renin activity became normal when the preoperatively small left ventricle reached
its normal dimension. This adjustment occurred slowly over a period of two months. In rheumatic
heart disease and left-to-right shunt lesions, plasma renin activities became normal when the
preoperatively dilated left ventricle decreased in size towards normal values; the plasma renin
activities of these patients had reached normal levels by the fifth postoperative day.

The renin secretion is modulated by various factors: of these, ventricular size and pulmonary

venous return seem to be of importance.

In a previous study on renal function in children
on the second day after cardiac surgery,' determina-
tions of plasma renin activity (unpublished data)
demonstrated a rise in most patients. This rise
was particularly important in several cases of
tetralogy of Fallot and pulmonary stenosis, and was
not related to changes in renal function. An increase
in plasma renin activity might be caused by different
factors linked to haemodynamic changes induced
by cardiac surgery. A prospective study was there-
fore undertaken in children who were operated on
for different types of cardiac lesions, comparing
plasma renin activity values and left atrial and left
ventricular dimensions as well as cardiac function
indices obtained before and after operation by one-
dimensional echocardiography.
* This work was supported in part by the Swiss National Science
Foundation and the Emil Barrel Fund.
t Preliminary results of this work were presented at the Annual
Meeting of the Swiss Society for Pediatric Research, Beme, 6 June
1978.
Received for publication 4 December 1979

Subjects and methods

A randomly selected group of 20 children was
studied. Table 1 summarises their clinical data. All
patients underwent open heart surgery with
cardiopulmonary bypass. Their postoperative fluid
management consisted of glucose 5 per cent given
at a rate of 750 ml/m2 per 24 h with 2 mmol/kg per
24 h of NaCl and of KC1, respectively. The fluid
volume was progressively increased after the first
postoperative day. Cardiac failure was treated in
most of the patients with digoxin and diuretics
(frusemide, thiazide, and spironolactone) for up to
two months after operation. Whenever necessary,
cardiotonic drugs were added during the first two
days. Blood pressure was measured directly through
an arterial catheter (mean BP) for approximately
48 hours and thereafter by auscultation. Serum
electrolyte levels (Na, K, Cl, CO2) and serum and
urine creatinine were determined daily during the
first six postoperative days and weekly thereafter.
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On each patient, serial plasma renin activity
determinations and echocardiograms were per-
formed according to the following schedule:

I: preoperatively
II: 2nd postoperative day

III: 5th postoperative day
IV: 12th postoperative day
V: 4 to 8 weeks postoperatively.

Blood samples were drawn, usually in the morning,
after the patients had remained in the supine
position for at least two hours. The samples were
collected in chilled tubes containing EDTA, and
were then centrifuged at 4°C. The plasma renin
activity was determined by radioimmunoassay of
angiotensin I generated during one hour of
incubation,2 assay being adapted to the antibody
trapping method of Poulsen.3

ECHOCARDIOGRAPHIC TECHNIQUE
The echocardiogram was obtained using a Picker
80C ultrasonoscope with a 3-5 MHz transducer
(6 mm diameter focused at 7 cm) and a Honeywell
fibreoptic strip chart recorder. The examination
was performed in the supine position by the
method described by Feigenbaum.4 Each echo-
cardiogram was taken within 12 to 24 hours after
blood sampling for renin. The echocardiographic
indices obtained were left ventricular end-systolic
and end-diastolic dimensions (Fig. 1), mean

Table Clinical data of patients
Case Age (y) Sex Diagnosis Operation
no.
1 3 1/12 M TOF+ASD Total correction
2 1 5/12 M TOF+ASD Total correction
3 6 11/12 M TOF Total correction
4 6 7/12 M TOF Total correction
5 9/12 M TOF Total correction
6 1 1/12 M TOF+ASD Total correction
7 3 8/12 M TOF +right aortic Total correction

arch
8 6 2/12 F TOF+ASD Total correction
9 2 2/12 M TOF Total correction
10 5 8/12 M PS +bicuspid aortic Pulmonary

valve commissurotomy
11 2 4/12 M PS+VSD Pulmonary

infundibulotomy
patch on VSD

12 2 10/12 M PS +ASD Pulmonary
commissurotomy

13 7 0/12 F PS+ASD+ Pulmonary
hypoplastic RV infundibulotomy

+ patch
14 2 8/12 M VSD+AR ClosureofVSD
15 3 8/12 F VSD Patch on VSD
16 9 9/12 F ASD (L to R shunt) Closure of ASD
19 12 2/12 M MR+MS MitralStarrvalve
20 15 0/12 F MR Mitral Carpentier

ring
21 12 11/12 F MR+MS Mitral Starr valve
22 6 1/12 M AR+AS Aortic Bjork valve

AR, aortic regurgitation; AS, aortic stenosis; ASD, atrial septal
defect; MR, mitral regurgitation; MS, mitral stenosis;
PS, pulmonary stenosis; RV, right ventricle; TOF, tetralogy of
Fallot; VSD, ventricular septal defect.

velocity of circumferential fibre shortening (mean
Vcf), per cent shortening of the internal dimen-
sion (% SID), and ejection fraction (EF), as
previously described.5-7 Left ventricular systolic
time interval (LVSTI), that is left ventricular pre-
ejection period (LVPEP), and ejection time (LVET)
were measured on the aortic root echo after
determination of the aortic cusp opening and
closure8 9 (Fig. 2). The ratio of LVPEP/LVET
was calculated and used as an index of left ventri-
cular performance.9

For the statistical analyses, Student's t tests for
paired and unpaired observations and linear regres-
sion with correlation were used.
The study procedure was accepted by the Ethical

Committee of the Department of Pediatrics.

Results

Systemic arterial blood pressures did not change
significantly before and after operation. None of
these patients had perturbations of serum electrolyte
levels or of the acid-base balance.

PLASMA RENIN ACTIVITY (PRA)
Mean plasma renin activity values for all patients
are shown in Fig. 3. We arbitrarily separated
patients with tetralogy of Fallot and pulmonary
stenosis (group 1) from those with left-to-right
shunts and rheumatic valvular heart disease (group
2). Though both groups showed significant
differences in age, their preoperative plasma renin
activity values did not differ significantly. The mean
value in group 1 was 588 fkat per litre, with a range
of 42 to 2100 (mean 2-8 ng/ml per hour; range 0-2
to 10), while the mean value in group 2 was 1029
fkat per litre, with a range of 378 to 2226 (mean
4.9 ng/ml per hour; range 1-8 to 10-6).
The preoperative values were within normal

limits in all patients.10 1' On the second postoperative
day there was a sharp rise in plasma renin activities
in all patients, with a progressive fall towards the
12th day and two months postoperatively, respec-
tively. Compared with the preoperative values, the
plasma renin activity was significantly higher on
the second (PRA II) (p < 0.01), on the fifth (PRA
III) (p < 0-02), and on the 12th (PRA IV) (p < 0 05)
postoperative day. There was no correlation between
the plasma renin activity and the age of the patients
(as previously shown), the change in arterial oxygen
saturation, or the change in haematocrit. The
patients with high plasma renin activity values had
no systemic arterial hypertension, or hypokalaemia.
In patients with tetralogy of Fallot and pulmonary
stenosis, the mean postoperative values were,
however, higher than for the others without
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tetralogy of Fallot, but this difference was significant
only on the second postoperative day because of
the wide dispersion of individual values.

ECHOCARDIOGRAM
In patients with rheumatic valvular heart disease
and those with significant left-to-right shunts, the

children 299

Fig. 1 Echocardiogram of the
right and left ventricle in a
patient with tetralogy of Fallot
two days after surgical correction.
RV, right ventricle; TV,
tricuspid valve; LV, left ventricle;
IVS, interventricular septum;
EDD, end-diastolic dimension;
ESD, end-systolic dimension;
RVD, right ventricular dimension.

left atrium was very dilated before operation. This
dilatation decreased after surgical correction and
the left atrium approached normal size soon after
the intervention. The left atrial diameter was
smaller than normal in patients suffering from
tetralogy of Fallot, pulmonary stenosis, or atrial
septal defect before operation. After the operation,

Fig. 2 Aortic valve echocardio-
gram of a patient with tetralogy
of Fallot two days after operation.
C, catheter in the right ventricle;
RVOT, right ventricular outflow
tract; Ao, aorta; LA, left
atrium; PEP, left ventricular
pre-ejection period; ET, left
ventricular ejection time.
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there was a pronounced and rapid increase of left
atrial dimension.
The same group of patients also had smaller left

ventricular diameters before operation than normal.
After corrective surgery these dimensions increased
progressively, and finally reached normal diameters
two months after operation (Fig. 4). The changes
were highly significant as we had shown previously.7
Those patients who suffered from rheumatic valvu-
lar disease or from other congenital malformations
with dilated left ventricles before operation, showed
a decrease in left ventricular diameters after
operation (Fig. 4).

Indices of left ventricular function were calcu-
lated from left ventricular dimensions and LVSTI;
the results are shown in Fig. 5a, b, c. The percentage
SID of the left ventricle showed only insignificant
changes throughout the postoperative period in
patients with tetralogy of Fallot and pulmonary
stenosis, whereas the other patients had significantly
diminished values on the second postoperative day
with a subsequent progressive return to normal
values. The mean Vcf and the ejection fraction
showed a similar pattem of changes.

Patients with tetralogy of Fallot and pulmonary
stenosis maintained normal values of LVPEP/
LVET ratios, postoperatively, whereas in the other
patients an increase of LVSTI ratio and abnormally
high values on the second and fifth postoperative
days were seen. This increase was probably a
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Fig. 4 Nomogram of the end-diastolic diameter (EDD)
of the left ventricle according to Epstein et al. in
Circulation 1975; 51: 1124-9.
(RL, regression line + SEE). The preoperative diameters
of the left ventricle (LVEDD) in each patient is shown:
TOF, tetralogy of Fallot; PS, pulmonary stenosis;
ASD, atrial septal defect; VSD, ventricular septal
defect; Mi, Ao, mitral and aortic valve disease (rheumatic
heart disease). The tip of the arrow indicates the
measurement on the fifth postoperative day in each
patient. Tetralogy of Fallot and pulmonary stenosis show
an increase in LVEDD while VSD, Mi, and Ao show a
decrease in LVEDD.
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Fig. 3 Sequential plasma renin values (mean ±SEM):
(@) in patients with tetralogy of Fallot and pulmonary
stenosis; (-) in patients with rheumatic heart disease
and left-to-right shunts; I, preoperative values; II, III,
IV, values on the second, fifth, and 12th postoperative
days; V, six to eight weeks after operation; Op,
operation; *, significant.

result of poor left ventricular contractility. With
increasing time after surgery they returned towards
normal values (two months after the intervention).

RENIN VALUES VS ECHOCARDIOGRAPHIC DATA
The relation between plasma renin activity values
and echocardiographic indices was analysed by
plotting the plasma renin activity of a given patient
on a given day against his echocardiographic
dimensions and function indices obtained on the
same day. No correlation was found between
plasma renin activity values and per cent shorten-
ing of the internal dimension values, mean Vcf, or
LVPEP/ET ratio, and changes in left atrial
dimensions. For each patient, the differences
between the preoperative end-diastolic dimension
and the end-diastolic dimension on the second,
fifth, and 12th postoperative days were calculated,
that is the postoperative increase or decrease in
dimension. This difference was expressed as a
percentage of the preoperative end-diastolic dimen-
sion value (% change EDD) and was compared
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with the corresponding postoperative renin value.
On the second postoperative day, all patients were
in cardiac failure with distinctly raised plasma
renin activity values and inconsistent changes in

%SID

u

left ventricular dimensions. Therefore no cor-
relations between plasma renin activity values and
echocardiographic indices were calculated on that
day. There was a significant linear correlation from
the fifth postoperative day between the logarithm
of the plasma renin activity values and the percent-
age change in end-diastolic dimension. The patients
with a small ventricle that dilates postoperatively
tended to have higher plasma renin activity values
than the patients with a larger ventricle which
decreased in size after surgery. The correlation is
shown for the fifth and the 12th postoperative day
in Fig. 6a and b.
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Fig. 5 Left ventricular function indic
tetralogy of Fallot and pulmonary sten
patients with rheumatic heart disease a

shunts (a). I, preoperative values; II,
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velocity of circumferential fibre shorten:
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normal values ±1SD. Patients with te
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impaired function indices; patients wit;
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changes in cardiac function.

Iv" V An increase in the activity of the renin-angiotensin
system was previously reported to follow open
heart surgery with cardiopulmonary bypass in
adults.12 In studies with measurement of plasma
renin activity, the wide dispersion of individual

+ 1 SD values is to be taken into consideration. These
variations, which are important in normal children,13

,Jm are even more obvious in patients who receive
1.D cardiotonic and/or diuretic treatment for cardiac

. -1SD failure.'4 This explains the relatively great scatter
of plasma renin activity values during the post-

IV V operative period.
In the present study we observed a distinct

increase in plasma renin activity on the second
postoperative day in all patients. This increase
could be a result of cardiopulmonary bypass,12
aortic clamping, as well as fluid restriction,'5

.1SD diuretics,'4 16 and cardiotonics.17-'9 Plasma renin
activity values, however, remained high on the fifth
and 12th postoperative day in all patients and were
significantly higher in patients operated on for
tetralogy of Fallot and pulmonary stenosis. The

* 1 difference between the two groups cannot be
- explained by the type of surgery and the time on

............. cardiopulmonary bypass. Changes in renal function
IV v (renal plasma flow and glomerular filtration rate)

were not observed after cardiac surgery,' and,
'esinpatientswith therefore, could not account for the changes in
nd left-to-right plasma renin activity. The persistence of high values
dIII, IV, values on the fifth and 12th postoperative day, as well as
e day; V, six to the differences between various cardiac lesions
it shortening of have, to our knowledge, not yet been reported.
+ SD); (b) mean Postoperative haemodynamic changes observed
ting (mean Vcf, by serial echocardiograms might help to explain
itricular systolic the prolonged increase of renin-angiotensin activity
es indicate the in tetralogy of Fallot and pulmonary stenosis.
1,tralogyOf Corrective surgery in these patients is followed by~ly slightly
h rheumatic heart an increased pulmonary blood flow but also by
howusignficant altered geometric relation of the ventricles (the

left ventricle being pushed backwards by the
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dilated right ventricle.)202' While the left atrium
dilates rapidly, the left ventricle dilates only slowly
over days and weeks.7 The most important increase
in left ventricular size is, however, observed during
the first three weeks after operation.
The difference in plasma renin activity between

the two groups with the particularly high value of
plasma renin activity in tetralogy of Fallot and
pulmonary stenosis could be explained by the
following hypothesis. Patients with tetralogy of
Fallot and pulmonary stenosis are in acute left and
right heart failure because of a non-compliant left
ventricle and a malfunctioning dilated right
ventricle. Acute cardiac failure is known to be
accompanied by enhanced sympathetic tone, by
increased activity of the adrenergic nervous system,
with norepinephrine accumulations in the arterial
blood,22 and by increased activity of the renin-
angiotensin system.'8 19 Patients with rheumatic
cardiopathies and shunt lesions are in chronic
cardiac failure before operation and are treated
with digitalis, diuretics, and a low salt diet, pre-
operatively. This treatment is continued after
corrective surgery. Chronic heart failure is usually
not accompanied by increased activity of the renin-
angiotensin II system. Therefore, the renin-
angiotensin system in patients with rheumatic
cardiopathies is more stable. In addition, the left
atrial and left ventricular, but also the right
ventricular size of these patients diminishes after
operation as seen in Fig. 4.

Left ventricular function tests obtained by
echocardiography were normal or only slightly
impaired in patients with tetralogy of Fallot and
pulmonary stenosis while they were more disturbed
in the other patients. There was, however, no
correlation between the function test and the plasma
renin activity, as previously shown by Turini
et al.23
The mechanism controlling the renin release in

congestive heart failure has not yet been well
defined.'9 Numerous studies suggest that-besides
adrenergic system regulating mechanisms-pressure
receptors in the heart and great arteries may
modify the release of renin. Cardiopulmonary
mechanoreceptors might play the most important
role.24-28 The role of these receptors, however,
remains questionable, and the published reports
are contradictory.24 25 27-32

Plasma renin activity values decrease when the
left ventricle dilates and approaches its normal size
in patients with tetralogy of Fallot and pulmonary
stenosis (Fig. 6a, b). Increased plasma renin
activity values persist, however, certainly until the
12th postoperative day, but are less pronounced
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Fig. 6 Graphic representation of the correlation between
plasma renin activity (PRA) and the percentage change
between pre- and postoperative LVEDD (% change
EDD). Regression lines are indicated. (a) On the fifth
postoperative day (III); (b) on the 12th postoperative
day (IV).

at that time since the left ventricle has returned to
normal size. In patients with a preoperatively
dilated left atrium and dilated left ventricle, plasma
renin activity decreases when left atrial and left
ventricular size diminishes. These changes in size
occur more rapidly and more significantly in the
first postoperative days. In both groups of patients
the interaction between changes in ventricular size
and venous return seems to modulate the renin
secretion via different cardiopulmonary receptors.
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