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Abstract

The aim of the study was to compare the response between the standard and low dose
adrenocorticotropin (ACTH) test for patients with congenital adrenal hyperplasia (CAH). The authors
employed a 2-by-2 crossover design and enrolled 16 patients, 14 girls and 2 boys, aged between 1.4
months and 15 years. Steroid treatment was stopped 24 hours before each test was conducted. The
standard ACTH (250 ng) test was performed followed by the low dose test (1 pg) in eight patients; the
other eight underwent the low dose ACTH test first followed by the standard one. The cortisol and {7-
hydroxyprogesterone (17-OHP) levels in each patient varied unpredictably between the two tests. The
cortisol responses to the low dose ACTH at 30 and 60 minutes were lower than at time zero; in con-
trast to the 60-minute peak cortisol response to the standard dose. The serum 17-OHP in all specimens
was more than 10,000 ng/dl (300 nmol/L), with the peak response at 60 minutes in both groups. Both
the low dose and standard dose ACTH test indicated adrenal insufficiency and the high 17- OHP
levels were diagnostic of 21- hydroxylase (21-OH) deficiency. If the low dose ACTH test becomes the
"standard" ACTH test, the diagnosis of 21-OH deficiency would probably not be missed.
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Congenital adrenal hyperplasia (CAH) is a
group of autosomal recessive disorders of adrenal
steroidogenesis. It 1s one of the most common causes
of adrenal insufficiency in the pediatric age group.
Disorders of 21-hydroxylation account for over 95
per cent of CAH cases. The severe form, due to
diminished aldosterone and cortisol synthesis, mani-
fests as a salt-wasting crisis in the first 2 weeks of
life. Affected females have genital ambiguity due to
the conversion of steroidal precursors upstream from
21-hydroxylase to androgens; affected males have
normal male genitalia. The principle substrate, 17-
hydroxyprogesterone (17-OHP), will have an elevated
base level and will hyper-respond to ACTH in well-
characterized patterns(l). The standard (250 pg) short
ACTH test is well established in the diagnosis of
adrenal insufficiency. Studies in healthy subjects
revealed that the standard 250 pg dose exceeds the
adrenal cortex dose-response curve, and that a dose
as low as 0.5 to 1.0 ug can elicit the same maximum
response in 20 to 30 min(2.3) while in the standard
test the peak values occurred at 60 or 120 min(4,5),
Indeed, the low dose test proved even more efficient
in detecting secondary adrenal insufficiency than the
standard test(2,6-11), For primary adrenal insuffi-
ciency, low dose test also has a high diagnostic sen-
sitivity and specificity(12-14),

The aim of the present study was to compare
the cortisol and 17-OHP response to the 250 pg vs the
1 ug ACTH tests in patients with CAH to determine
whether the | pg test can replace the 250 ug one in this
group of patients.

SUBJECTS AND METHOD
Subjects

The study group consisted of 16 CAH
children (14 girls and 2 boys) with a mean age of 4.6
yr (range 0.1-15.0). The children all manifested salt-
wasting symptoms with hyponatremia, hyperkalemia
and metabolic acidosis during the first 2 months of
life. The 14 genetic females had pigmented ambiguous
genitalia without palpable gonads while the two
genetic males, siblings of 2 of the females, had normal
male genitalia. During the study period, cortisone
acetate was not available, so all the subjects received
replacement therapy with prednisolone equivalent to
glucocorticoid 20-30 pg/m2/day and fludrocortisone
acetate (Florinef®) 0.05-0.15 mg daily.
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Study protocol

The 16 CAH children were randomly
assigned to two sequences of the test 24 hours after
withdrawal of steroid treatment. The first half received
the standard followed by the low dose ACTH test
while the second half received the low followed by
the standard dose ACTH test. At least 7 days were
allowed between tests. Serum cortisol and 17-OHP
were assessed at 0, 30 and 60 min after ACTH infusion.
All children aged below 5 yr were admitted 24 hr
before each test for close monitoring of salt-wasting.

The Research Ethics Committee of Khon
Kaen University Hospital approved the study, and the
parents of the children gave informed written consent.

Standard and low dose ACTH test, cortisol and
17-OHP determination

The standard ACTH test was 250 ug ACTH
(Cortrosyn, N.V Organon Oss Holland) intravenously,
whereas low dose was | pg. The low dose was freshly
prepared by diluting 250 ug ACTH with normal saline.
The basal blood samples for serum cortisol (Cortisol
RIA kit, ICN Biomedicals, Inc. CA, USA) and 17-
OHRP (Active ™170a-OH Progesterone RIA DSL-5000,
Diagnostic Systems Laboratories, TX, USA) were
taken at time 0. After the ACTH injection, the serum
samples for cortisol and 17-OHP determinations were
drawn at 30 and 60 min. The ACTH tests were per-
formed between 08:00-10:00.

Statistical analysis

The authors performed a standard analysis
for a 2-by-2 cross-over design. Due to evidence of a
significant carry over effect, only the data from the
first period was analyzed. By comparing the two study
groups at each measurement time, the mean diffe-
rences and their 95 per cent confidence intervals and
p-value using t-test were calculated. The median
changes between each combination of two time points
"within patients” and compared "between groups"
were also calculated by estimating the median diffe-
rences and their 95 per cent confidence intervals (CI)
and p-value using Mann-Whitney-U-test. To test for
the difference in overall changes between the two
groups, a random effect generalized linear model
using generalized estimating equations (GEE) was
used. A p-value of < 0.05 was required for signifi-
cance. Stata (StataCorp, College Station. TX, USA)
was the software used for all analyses.
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RESULTS

Eight CAH patients (7 girls, 1 boy) aged 0.1-
12.0 yr (median 2.5 yrs) received the low dose ACTH,
followed by the standard dose test. The second group,
comprising 8 patients (7 girls, | boy) age 0.1-15.0 yr
(median 4.5 yrs), received the standard dose followed
by the low dose test. The cortisol and 17-OHP levels
in each patient varied unpredictably between the two
tests. It was decided to analyze the data from only the
first period due to evidence of a significant carry over
effect. Fig. 1 shows the baseline serum cortisol at 0
min, 30 and 60 min in response to the low and stan-
dard dose tests. Cortisol responses (mean + SD) to the
low dose test at 0, 30, and 60 min were 11.34 +2.17,
10.99 + 2.01 and 8.86 + }.82 pg/dl respectively. For
the standard test, the responses were 11.94 + 2.14,
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13.58 + 2.57 and 14.31 = 2.32 ug/dl respectively
(Table 1). The difference between the two groups at
60 min was two fold greater than at 30 min though not
statistically significant. Table 2 presents the median
changes of serum cortisol from one sample time to
another. The greatest change from one time to another
between the two groups was between 0 and 60 min.
Fig. 2 shows the serum 17-OHP baseline values at 0
min, 30 and 60 min after the low and standard dose
tests, all specimens were >10,000 ng/dl (300 nmol/L).
The mean + SD of serum 17-OHP responses to the low
dose ACTH test at 0, 30, and 60 min were 21,797.2 +
4,541.7, 24,519.8 + 5,706.6, and 25,513.6 + 6,035.4
ng/dl respectively. For the standard test, the 17-OHP
responses were 34,344.5 +7,044.9, 33,821.1 + 6,640.4
and 36,607.6 = 7,157.6 ng/dl respectively (Table 3).
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Fig. 1. Comparing serum cortisol (ug/dl) at 0, 30, and 60 minutes between CAH patients on the low (1 pg) vs
the standard dose (250 pg) ACTH test (8 patients for each group).

Table 1. Serum cortisol (ug/dl) response to low (1 ug) and standard dose (250 ug) ACTH stimulation
test at 0,30 and 60 min in 16 CAH patients (n = 8, each group), and the difference between
the two groups.

Time Low dose ACTH test Standard ACTH test Difference Confidence P-value*

(Mean + SD) (Mean + SD) (Standard-low) interval 95%
0 min 11.34 + 2.17 1194 +2.14 0.60 -5.941t07.10 0.847

30 min 10.99 + 2.01 13.58 +2.57 2.59 -4.42109.59 0.441

60 min 8.86 + 1.82 14.31 +2.32 5.45 -0.88t0 11.78 0.086

* r-test
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Table 2. Changes (in median) of serum cortisol from 0 to 30 and 60 min and from 30 to 60
min, and the difference of the changes between the low and standard dose ACTH
test in CAH patients.
Time Low dose ACTH Standard dose Differences of the Changes P-value*
ACTH (Standard-low ACTH)
0 to 30 min -0.2 0.50 0.70 0.046
0 to 60 min -09 245 3.35 0.059
30 to 60 min -0.8 0.80 1.60 0.141
* Mann-Whitney-U-test
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Fig. 2.

Comparing serum 17-hydroxyprogesterone (ng/dL) at 0, 30, and 60 minutes between CAH patients on

the low vs the standard dose ACTH test (8 patients for each group),

Table 4 shows the change in the median serum 17-
OHP from one sample time to the other and the dif-
ferences in the changes. The peak increment for the
low dose test occurred between 0 and 30 min; for the
standard test, it was between 0 and 60 min, but none
were statistically significant.

Using the random effect GEE model for
cortisol, the difference in the overall changes between
the two groups indicated patients on a low dose of
ACTH was 0.06 ug/d1(95% Cl:-1.6101.7) higherthan
those receiving the standard dose, though not
statistically significant (p-value = 0.946). The 17-OHP
levels in patients on the standard dose of ACTH was
1,725 ng/dl (95% CI: -1,256 to 4,707) higher than
those receiving the low dose, again not statistically
significant (p-value = 0.257).

DISCUSSION

In normal subjects, the response of cortisol
to a rapid ACTH test is an incremental increase of at
least 10 pg/dl (276 nmol/L) with the 30 or 60 min
value > 20 pg/dl (550 nmol/L)(15,16). The authors
documented no incremental rise in serum cortisol at
30 or 60 min in the low dose test. In the standard test,
the peak, and maximal increment, of the cortisol
occurred at 60 min and averaged < 10 pg/dl. Base-
line cortisol varied in each patient. The baseline level
> 20 pg/dl was observed in some CAH patients. The
difference between the two groups increased with
time, at 60 min it was two-fold greater than the dif-
ference at 30 min. Though not statistically signifi-
cantly different, it indicated that among CAH patients
there was no response to the 1 ug dose of ACTH, and
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Table 3. Serum 17-hydroxyprogesterone (ng/dl) respone to low (1 pg) and standard dose (250 ug) ACTH
test at 0, 30 and 60 min in 16 CAH patients (each group, n = 8) and the differences between the

two groups.
Time Low dose ACTH Standard ACTH Differences Confidence P-value*
(Mean + SD) (Mean + SD) (Standard-low) interval 95%
0 min 21,797.2 + 4,541.7 34,344.5 + 7,044.9 12,547.3 -5,430.3 to 30,5249 0.157
30 min 24,519.8 + 5,706.6 33,821.1 + 6,640.4 9,301.2 -9,477.6 t0 28,080.0 0.306
60 min 25,513.6 £ 6,035.4 36,607.6 + 7,157.6 11,094.0 -8,986.7 t0 31,174.6 0.256

* I-test

Table 4. Changes (in median) of serum 17-OHP from 0 to 30 and 60 min, from 30 to 60 min,
and the difference of the changes between the low and standard dose ACTH test in

CAH patients (each group, n = 8).

Time Low dose ACTH Standard dose Differences of the Changes P-value*
ACTH (Standard-low)
0 to 30 min 441.7 -368.8 -810.5 0.529
0 to 60 min -676.7 1,788.7 2,465.4 0.036
30 1o 60 min 346.5 1.763.9 1,417.4 0.141

*Munn-whitney-U-test

responded poorly to the standard test with limited
cortisol increase. The adrenal cortex may have been
almost maximally stimulated and unable to increase
further cortisol secretion(17). Both the low and stan-
dard ACTH tests demonstrated adrenal insufficiency
in all CAH patients.

Normal values in both sexes and all pediatric
age groups for 17-OHP were < 500 ng/dl (15 nmol/L)
(I5). New et al presented a nomogram of a 60-min
ACTH stimulation test in salt-wasting plus simple
virilizing of CAH patients, and the range of 17-OHP
was between 16,260 and 50,300 ng/dI(1). In the pre-
sent study, all 17-OHP levels were > 10,000ng/dl
(300 nmol/L). The difference in baseline levels be-
tween the two groups were much greater, resulting
in peak differences at O min (12,547.3 ng/dl) but the
average peak levels of both groups occurred at 60
min. For the low dose test, the peak increment was
between 0 and 30 min. Five patients had a 17-OHP
response < 20,000 ng/dl at 60 min (Fig. 2). In con-
trast, the peak increment in the standard test occurred
between 0 and 60 min and 4 patients had a 17-OHP
level > 40,000 ng/dl at 60 min, though this was not a
statistically significantly different. Unluhizarci et al
studied the comparison between the low and standard

dose ACTH test in non-classic CAH with 11-hydro-
xylase deficiency. The peak cortisol, 17-OHP, and
dehydroepiandrosterone sulphate in their study were
similar in both tests while 11-deoxycortisol response
to the low dose test were significantly lower than the
results obtained after the standard test. They showed
that the low dose test can not replace the standard test
in every clinical situation(18).

The authors were unable to conclude that
the 1 ug ACTH test can replace the standard 250 pg
test in CAH children because of the unexpected varia-
tion in hormones levels. However, the mean and peak
responses of the cortisol to both the low and standard
dose ACTH tests indicated adrenal insufficiency and
the high 17-OHP levels were diagnostic of 21-OH
deficiency. If the low dose ACTH test becomes the
"standard"” test in untreated CAH patients, the diag-
nosis of 21-OH deficiency would probably not be
missed.
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