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P la sm a  re n in  a c tiv ity  and  serum  c o n c e n tra tio n s  o f sod ium  a n d  p o ta s 
sium  w ere re p e a te d ly  m easu red  in  seven ch ild ren  w ith  co n gen ita l a d re n a l 
h y p erp las ia  due to  stero id -21 -hyd roxy lase  defic iency , to  m o n ito r th e  sod ium  
balance  d u ring  tr e a tm e n t .  In fa n ts  w ith  th e  sa lt-lo s in g  fo rm  h a d  h ig h  p la sm a  
ren in  a c tiv ity  lev e ls  5 — 11 m o n th s  a f te r  su b c u ta n e o u s  im p la n ta tio n  o f  a  
p e lle t con ta in ing  100 m g  deoxycorticosterone  a c e ta te . These e lev a ted  p la sm a  
ren in  a c tiv ity  lev e ls  w ere suppressed  to  th e  n o rm a l ran g e  by  re p e a te d  im 
p la n ta tio n  o f  D O C A  p e lle t. M oderately  e le v a te d  v a lu es o f  p la sm a  ren in  
a c tiv ity  in  o lder sa lt- lo se rs  norm alized  a f te r  inc reasin g  th e  d ie ta ry  sod ium  
in tak e . P la sm a  re n in  a c tiv ity  level h as su p e r io rity  o v e r se rum  e lec tro ly te  
co n cen tra tio n s as a n  in d e x  o f  m inera locortico id  deficiency.

The standard  techniques for th e ra 
peutic monitoring of patients w ith con
genital adrenal hyperplasia (CAH) 
due to  steroid-21-hydroxylase defi
ciency include urinary 17-ketosteroids 
and serum  sodium and potassium  
concentrations. The developm ent of 
radioimmunoassay methods for the 
m easurem ent of cortisol-precursors 
and adrenal androgens in serum has 
provided a new aid for the diagnosis 
and m anagement of such patients. 
The 17-OH-progesterone value seems 
to  be the  most sensitive indicator of 
inadequate adrenal suppression [12, 
13, 23]. In  the salt-losing form of 
CAH a chronic depletion of sodium 
m ay develop due to  insufficient 
mineralocorticoid treatm ent despite 
the presence of normal serum electro
lyte concentrations.

As a sensitive index of m ineralo
corticoid deficiency, plasma renin 
activity (PRA) was measured in pa
tients with CAH due to 21-hydroxyla
tion deficiency. The main objective 
of this study  was to  determine the 
length of tim e for the effect of deoxy
corticosterone-acetate (DOCA) pel
lets im planted subcutaneously in in 
fants. In  addition we wished to  inves
tigate PR A  in older children who had 
discontinued trea tm ent w ith salt- 
retaining hormone, in order to  deter
mine the am ount of d ietary sodium 
needed.

Ma t e r ia l s  a n d  M e t h o d s

Seven g irls  aged  1 —15 y e a rs  w ith  C A H  
due to  s te ro id -21-h yd roxy lase  d efic iency  
w ere s tu d ied . F o u r  w ere sa lt-lo sers  an d  
th ree  w ere sim p le  v irilizers acco rd ing  to
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c lin ic a l findings. The p a t ie n ts  w ere  tr e a të d  
w i th  co rtisone  ace ta te  (A d reso n , O rganon) 
40 — 50 m g/m 2/day . I n  th e  sa lt-lo s in g  in 
f a n t s ,  D OCA  pelle t (deo x y co rtico ste ro n e- 
a c e ta te  ta b le t  ad im p la n ta tio n e m , 100 m g, 
O rg a n o n ) w as im p lan ted  su b cu tan eo u sly .

T h e  p a ram e te rs  u sed  to  m o n ito r  th e  
e ff ic a c y  o f  g lucocorticoid su p p re ss io n  th e r 
a p y  inc luded  g row th  r a te ,  sk e le ta l age. 
u r in a r y  17-ketosteroids a n d  p lasm a 
17-O H -progesterone  d e te rm in a tio n s  [20].

C h ild re n  ranging  in  age f ro m  6 m o n th s 
to  10 y e a rs  a fte r reconva lescence  or before 
a  m in o r  surgical o p e ra tio n  w ere  s tu d ied  
a s  co n tro ls . All ch ild ren  w ere  o n  a  no rm al 
d ie t  a n d  show ed no a b n o rm a litie s  o f  fluid- 
e le c tro ly te  balance.

V en ip u n c tu re  w as p e rfo rm e d  in  th e  fa s t
in g  s t a te  betw een 8 — 9 a .m . a f te r  th e  
c h ild re n  h ad  been in  r e c u m b e n t position  
fo r  a t  le a s t 3 hours . T en  m l b lood  w as 
d ra w n  in to  prechilled  p o ly e th y le n e  tu b es  
c o n ta in in g  0.5 m l o f  1 .5%  sod ium -E D T A  
fo r  th e  de te rm in a tio n  o f  p la s m a  ren in  
a c t iv i ty .  The p lasm a w as  s e p a ra te d  im 
m e d ia te ly  by  cen tr ifu g a tio n  a t  3000 r.p .m . 
a t  + 4  °C. A t th e  sam e tim e  b lood  w as 
c o lle c te d  in  separa te  tu b e s  fo r th e  d e te rm i
n a t io n  o f  th e  serum  c o n c e n tra tio n s  of 
so d iu m  an d  po tassium .

Determination of p lasm a renin activity. 
T he p la sm a  w as s to red  a t  + 4 °C  overn igh t. 
A fte r  a d ju s tin g  th e  p H  to  5.5 an d  add ing  
d iiso p ro p y l f lu o ro p h o sp h a te  a n d  neom y
cin, in c u b a tio n  w as p e rfo rm e d  a t  37°C 
fo r 24 h r  an d  th e  e n z y m a tic  reac tio n  w as 
s to p p e d  by  boiling  fo r 15 m in . The super
n a ta n t  w as se p a ra te d  b y  cen tr ifu g a tio n  a t  
5000 r .p .m . for 10 m in , fo llow ed b y  re a d 
ju s tm e n t o f  th e  p H  to  7.4 [8]. T he pressor 
a c tiv ity  o f th e  p la sm a  w as te s te d  in  pen to- 
lin iu m -p re tre a te d  ra ts ,  u s in g  angiotensin- 
am id e  (H y p erten s in , C iba) as s ta n d a rd  
a n d  a p p ly in g  th e  fo u r p o in t  assay . P lasm a 
re n in  a c tiv ity  (PR A ) w as expressed  as ng 
e q u iv a le n t o f an g io ten s in  I I  p e r  m l p lasm a 
p e r  24 h r  o f  in c u b a tio n . R ep ro d u c ib ility  
a tta in e d  ± 1 4 .2 %  (in tra -a ssa y  coefficient 
o f  v a ria tio n , n  =  16).

S erum  co n cen tra tio n s  o f  sod ium  and  
p o ta ss iu m  w ere m easu red  b y  flam e p h o to 
m e try  (P y e  U n ieam  S P  191).

R e s u l t s

Plasm a renin ac tiv ity  in the control 
children ranged from 10 to  25 ng/ml/ 
24 hr, with a mean value of 16.2 ±  
d; 4.7 ng/ml/24 hr (n =  15). The cal-

T a b l e  I

P lasm a  re n in  a c tiv ity  in  c o n tro l in fa n ts  a n d  ch ild ren

Case
N o.

Sex Age,
years, m onths

Clinical s itua tion PRA
(ng/ml)

1 M (im recovered from m alnutrition 20
3 F 6m recovered from pharyngitis 11
4 M 10m recovered from bronchitis 15
5 M 10m m en ta l retardation 12
6 F ly  4m recovered from bronchitis 17
7 F ly  4m recovered from m inor therm al injury 12
8 Л1 ly  9m recovered from tonsillitis 10
9 M 2y recovered from pneum onia 14

10 M 2y 6m observation for megacolon congenitum 25
11 F 4y before tonsillectomy 13
12 M 6y before tonsillectomy 15
13 M «У before adenoidectomy 20
14 M 9y before adenoidectomy 24
15 F 10y chronic otitis media 14

m ean ±  S.D. =  16.2 ±  4.7
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m onths yearsAGE
F ig . 1. P la sm a  ren in  a c tiv ity  (P R A ) in  seven p a tie n ts  w ith  congen ita l a d re n a l h y p e r 
p las ia  d u e  to  ste ro id -21-h y d ro x y lase  deficiency. E ach  sy m b o l iden tifies a s e p a ra te  p a tie n t. 
T he  shaded  a rea  in d ica te s  th e  u p p e r  lim it o f  th e  n o rm a l ran g e . DOCA =  su b cu tan eo u s  
im p la n ta tio n  o f  100 m g  d eo x y co rtico s te ro n e-ace ta te . N aC l =  increase in  d ie ta ry  sod ium

in take

ciliated upper reference lim it (mean -f- 
2 S.D.) in children from 6 months 

to  10 years of age is 25.6 ng/ml/24 hr. 
Individual da ta  for the 15 normal 
infants and children are shown in 
Table I.

Plasm a renin activ ity  was extrem e
ly high in the two salt-loser infants
8.5 and 11 months after the im plan
tation  of DOCA, indicating an insuffi
cient mineralocorticoid effect despite 
the normal blood pressure and serum 
electrolyte concentrations. These ele
vated  PR A  levels were suppressed 
to  the normal range by repeated 
im plantation of DOCA pellet. The 
second infant had again a high level 
of PR A  after 5 months. A t th a t time 
she also had an abnorm ally low so
dium-potassium ratio  in the serum.

Two salt-loser children, aged 6 and 
9 years, who had discontinued tre a t
m ent with salt-retaining hormone

years before, showed m oderately ele
vated values of plasma renin activ ity  
which were normalized after increas
ing their d ietary  sodium intake. D ur
ing th is tim e the serum sodium - 
potassium ratio  remained in the 
normal range.

Two patien ts out of three simple 
virilizers had slightly elevated PR A  
values.

The results of the CAH patients 
are sum m arized in Fig. 1 and  Table
II.

D is c u s s io n

There is a progressive decrease of 
PRA as age increases from the  new
born period to adulthood [1, 3, 18, 
21]. In  our study  the PR A  levels of 
normal children did not show age- 
related differences, presum ably due 
to the lim ited number of subjects
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T a b l e  I I

C lin ic a l d a ta , serum  c o n c e n tra tio n s  o f sodium  a n d  p o ta ss iu m , a n d  p la sm a  re n in  ac tiv ity  
o f  p a tie n ts  w ith  c o n g e n ita l a d ren a l h y p e rp la s ia  d u e  to  21-h y d ro x y la se  defic iency

Age, Time elapsed 
from the last 
implantation 

of DOCA, 
months

Extra Serum
PRA
ng/mlSubjects Sex years,

months
NaCl

added,
g/day

Na К  
mEq/1

Na/К ratio

P a t ie n t s
* J . K . F lm — — 128 6.9 18.5 —

10m 8.5 — 137 5.6 24.5 267
l y  lm 2 — 138 5.3 26.0 11
l y  4m 5 — 142 4.3 33.0 24

*L. T . F lm — — 122 6.0 20.3 —

l y  l m и — 142 4.5 31.5 256
l y  5m 1 — 144 4.4 32.7 18
l y  9m 5 — 135 6.1 22.1 300
2y 3 — 140 4.2 33.3 17
2y 3m 6 — 137 5.2 26.3 95

L . A. F l y  7m — — 142 4.7 30.2 26
*M. G. F 2m — — 125 6.0 20.8 —

5y  8m — — 143 4.3 33.2 75
6y — 4 142 4.5 31.5 19

* R . T . F lm — — 123 7.1 17.3 —

9y — 2 142 3.7 38.4 60
9y 6m — 4 138 4.8 28.8 23

R . E . F 12y — — 147 3.9 37.7 40
Z. E . F 15y — — 148 4.5 32.9 40

N o rm a l  in fan ts : m ean A  S. D . (n) 1 4 0 .5 + 3 .5 4 .70+ 0 .55  30.3 +  3.6
(21) (21) (21) 16.2* ** 

±  4.7
N o rm a l children: m ean  +  S. D . (n) 1 4 2 .2 + 4 .6 4 ,18+ 0 .38 3 4 .3 + 3 .1 (15)

(30) (30) (30)

* salt-loser
** pooled value  fo r in f a n ts  an d  children

investigated. Therefore, we pooled 
the  d a ta  of infants and  children to 
calcu late the upper reference limit 
for th is  age group.

Venipuncture was perform ed under 
s ta n d a rd  conditions in th e  morning, 
a fte r  th e  patients had been recum bent 
overnight, because the  P R  A levels 
show a  diurnal variation [9] and an 
elevation in the upright position [2, 
5].

P R  A has an inverse relationship 
to  to ta l body sodium and  extra

cellular fluid volume [24, 25]. D ietary 
sodium restriction was shown to 
cause an elevation of P R A  without 
a change in the serum concentration 
of electrolytes [19]. Our results indi
cate th a t  PRA levels can be very 
high in infants with an early history 
of salt-wasting crisis even in the ab
sence of symptoms of sodium loss. 
These findings are in agreem ent with 
the previously reported results in 
patien ts with CAH. Several authors 
have described elevated PR A  levels
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in salt-losing САН [3, 11, 14, 17] 
and have shown th a t  the levels re
tu rn  to normal on mineralocorticoid 
treatm ent [4, 7]. In  contrast, Strick
land and Kotchen [22] found the 
PRA  level of a non-salt-loser to  be 
in the range of salt-losers during 
dietary sodium restriction.

Nichols et al. [15] have im planted 
subcutaneously two 75 or 125 mg 
DOCA pellets repeatedly a t intervals 
of 6 to  12 months. According to 
present da ta  the im plantation of 
100 mg DOCA ensures an effective 
mineralocorticoid replacem ent for 5 to 
11 months. The elevated level of 
PR A  seems to be the  m ost sensitive 
index for the determ ination of a 
salt-wasting tendency showing the 
need of a new implant.

Although salt-retaining hormone 
trea tm ent m ay be stopped in late 
childhood, the salt-losing sta te  in 
CAH persists and an increase in 
d ietary sodium intake m ay be neces
sary in some cases. The am ount of 
sodium needed cannot be determined 
by m easurement of the serum  sodium 
and potassium levels. I t  seems there
fore useful to monitor the  salt reple
tion therapy  of children with salt
losing CAH by the level of plasma 
renin activity.

Our finding th a t  PR A  levels may 
be slightly elevated in some patients 
with CAH who have never shown 
clinical evidence of salt loss, agree 
with those of other authors [4, 11, 
17] and suggest an im pairm ent of 
salt homeostasis in these patients.

There is an interrelationship be
tween the renin-angiotensin system

and the  pituitary-adrenal axis. Angio
tensin I I  infusions produce ACTH 
release in normal subjects [16], and 
glucocorticoids stimulate the hepatic 
synthesis of angiotensinogen [10]. 
Rosier e t al. [17] suggest the  exis
tence of th is interrelationship in CAH 
patient, too. Thus, a rise in the ACTH 
level secondary to salt-loss m ay 
contribute to  the hypersecretion of 
androgens.

The combination of serum 17-OH- 
-progesterone and plasma renin assays 
can provide more exact and precise 
inform ation and can indicate s itu a 
tions in which the patient does not 
require more glucocorticoid b u t ra the r 
a correction of mineralocorticoid re
placem ent therapy or an increase in 
d ietary salt intake [6, 11]. I t  is p rob
able th a t  in some CAH patien ts a 
reduction of the glucocorticoid dose 
will be possible when adequate so
dium balance has been achieved.

In  conclusion, we recommend the 
determ ination of PRA every three 
m onths in salt-losing infants and  once 
yearly in childhood. Correction of a 
mild chronic sodium depletion can 
prevent unexpected salt-wasting cris
es and  improve somatic develop
ment.
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