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ABSTRACT

In 39 children with orthostatic dysregulation (0. D.) and 28 control children aged 8 to

15 years, the relationship between plasma renin activity (PRA) after standing for 60

minutes and urinary sodium (N a) excretion was studied to elucidate the influence of Na

balance on standing PRA in O. D..
Children with O. D. showed significant negative correlations between the standing

PRA and 12-hour urinary Na/K ratio (P < 0.01), between the change in PRA on standing

(standing PRA-supine PRA) and 12-hour urinary Na excretion (P < 0.001) and between

the rate of increase in PRA on standing (standing PRA/supine PRA) and fractional

excretion of filtered Na (FENa) (P<O.Ol). Control children, however, showed no

significant correlations between them.

Children with O. D. showed significant negative correlations between standing PRA

and Na/creatinine ratio, Na/K ratio and FENa in urine collected during the 60-minute

standing period (P < 0.05, P < 0.001, P <0.05, respectively). Control children, however,

showed positive correlations between them.

These findings suggest that the renin-angiotensin system may be activated to

maintain circulatory homeostasis after prolonged standing according to the level of

urinary Na excretion in O. D..

INTRODUCTION

Orthostatic dysregulation (0. D.) occurs most commonly during puberty and adoles­

cence. Cardiovascular symptoms, e. g. postural hypotension, dizziness, and palpitations
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are characteristic of O. D., but both gastrointestinal and other, more non-specific symp­

toms related to the unstable autonomic nervous system occur (1, 2).

In children with O. D., low levels of plasma renin activity (PRA) on standing (3) and

a tendency of sodium (Na) retention (decreased urinary Na excretion) in the daytime (4)

have been reported. There is usually a close relationship between Na balance and the

renin-angiotensin-aldosterone (RAA) system (5), and in normal children supine PRA

varies according to urinary Na excretion (6, 7). However, as we have previously

demonstrated, 12-hour urinary Na excretion does not correlate with PRA in either a

supine position or a short period of standing position (15 minutes) in children with O. D.

These findings suggest that there may be an abnormal interrelationship between Na

balance and the RAA system in O. D.. This might cause various symptoms of O. D. if

the RAA system is not activated sufficiently according to Na balance. We therefore

examined PRA after standing for 60 minutes and urinary Na excretion in children with

O. D..

MATERIALS AND METHODS

39 childen with O. D. diagnosed according to the Japanese criteria (1) and 28 control

children aged 8 to 15 years were studied at the Department of Pediatrics of Niigata

University School of Medicine.

Blood for measurement of Na, potassium (K), creatinine and PRA was taken before

breakfast after the children had been lying supine for 90 minutes. A second sample was

taken for PRA after the children had been standing for 60 minutes. Urine was collected

from all children for the 12 hours prior to blood sampling, and during the 60-minute

standing period in 18 children with O. D. and 14 control children. It was analysed for Na,

K and creatinine. Na and K concentrations were measured by flame photometry and

creatinine by the Jaffe reaction on an autoanalyser. PRA was measured radioim­

munoassay using a CIS kit. Urinary excretion for 12 hours was corrected for body

surface area obtained from the formula in use for Japanese children (8). Fractional

excretion of filtered Na (FENa, %) was calculated from the formula: (urinary Na/plasma

Na) x (plasma creatinine/urinary creatinine) x 100.

Simple correlation coefficients were calculated between Na excretion and

PRA after logarithmic transformation.

RESULTS

Examining first the relationship between PRA after standing for 60 minutes and 12­

hour urinary Na excretion, significant negative correlations were demonstrated in the

children with O. D. between the standing PRA and Na/K ratio (Fig. 1), between the

change in PRA on standing (standing PRA-supine PRA) and Na excretion (mEq/m2 /12

hours; Fig. 2) and between the rate of increase in PRA on standing (standing PRA/supine

PRA) and FENa (Fig. 3). In control children, however, there was no significant relation-
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Fig. L Relationship between plasma renis activity after standing
for 60 minutes and 12-hour urinary Na/K ratio in children with
orthostatic dysregulation
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Fig. 2. Relationship between the change in plasma renin activity after stand­
ing for 60 minutes and 12-hour urinary Na excretion in children with orthos­
tatic dysregulation
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Fig. 3. Relationship between the rate of increase in plasma renin activity
after standing for 60 minutes and fractional excretion of filtered sodium
(FEN a) in 12-hour urine in children with orthostatic dysregulation

ship between changes in PRA on standing and Na excretion in the preceding 12 hours

(Table 1).

When standing PRA was compared with Na excretion in urine collected during the

60-minute standing period, significant negative correlations were again found in the

children with O. D. this time between standing PRA and Na/creatinine ratio (Fig. 4), Na/

K ratio (Fig. 5) and FENa (Fig. 6). Standing PRA was also negatively related to Na

excretion per minute, but this was not found to be statistically significant (r= -0.2604,

P> 0.05). In control children, however, significant positive correlations were seen

between standing PRA and both Na/creatinine ratio (Fig. 4) and FEN a (Fig. 6) in the 60

-minute urine sample. Na/K ratio and Na excretion per minute were also positively

related, but this did not reach statistical significance (r=0.5121 shown in Fig. 5, r=0.5222,

P> 0.05, respectively).

Table 1. Correlation coefficients between plasma renin activity (PRA) after stand­
ing for 60 minutes and Na excretion in 12-hour urine in 28 normal children

Standing PRA
Standing PRA-Supine PRA
Standing PRA/Supine PRA

0.0106
-0.0665
-0.1977

Na/K

0.0765
0.0600

-0.0935

FENa

0.0742
0.2014
0.1549

FEN a: Fractional excretion of filtered sodium
Statistical significance: P >0.05, respectively
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Fig. 4. Relationship between plasma renin activity after standing for 60
minutes and urinary Na/creatinine ratio during the 60-minute standing period
in normal children and children with orthostatic dysregulation
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Fig. 5. Relationship between plasma renin activity after standing for 60
minutes and urinary Na/K ratio during the 60-minute standing period in
normal children and children with orthostatic dysregulation
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Fig. 6. Relationship between plasma renin activity after standing for 60
minutes and fractional excretion of filtered sodium (FEN a) in urine collected
during the 60-minute standing period in normal children and children with
orthostatic dysregulation

DISCUSSION

There is no renin response to Na depletion in the denerved dog kidney (9), and in man,

the renin response to diuretics can be blocked by a beta-adrenergic blockade (10). In

addition, children with anorexia nervosa in whom sympathetic activity is decreased (11)

demonstrate an insufficient renin response for their level of urinary Na excretion (6).

These findings suggest that PRA may not be correlated with urinary Na excretion in

conditions associated with a decrease in activity of the sympathetic nervous system such

as a. D.. Children with a. D. have normal blood pressures after standing for 60 minutes,

although they showed a profound postural drop when standing for only 15 minutes (12).

Although activation of the sympathetic nervous system is slower in these children, it may

be fully achieved following more prolonged standing Normal children show an inverse

relationship between supine PRA and 12-hour urinary Na excretion (6, 7), while in

children with a. D. it is standing PRA which is negatively correlated with 12-hour urinary

Na excretion. These findings suggest that in a.D. the RAA system may have a

significant role in maintaning blood pressure on standing according to the level of urinary

Na excretion.

Maruta (4) found that in the daytime (i. e. in a standing position), urinary Na
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excretion is decreased in children with O. D. and increased in normal children, although

in normal adults urinary Na excretion is known to decrease on standing. In the present

study, PRA showed a negative correlation with urinary Na excretion on standing in

children with O. D., suggesting that the activated RAA system may reduce urinary Na

excretion on standing in O. D.. However in our normal children, PRA showed a positive

correlation with urinary Na excretion on standing. If activation of the RAA system is

important in regulating urinary Na excretion on standing, this should be negative, but this

has not been confirmed in either normal children or adults. Our results suggest that

other systems may be involved in the regulation of Na excretion on standing in normal

children and that the RAA system may only be attempting to compensate for these.

Elucidation of the mechanism regulating Na balance on standing in the normal child was

not the aim of this study, but we would hope to investigate this at a future data.
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