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ABSTRACT 

Background: There are few data in the paedi-
atric literature on the normal Cortisol response 
to stimulation during the low dose synacthen 
test (LDST) (1 pg). 
Aim: To examine the Cortisol responses in 
children, subsequently presumed to be normal, 
who had an LDST during anterior pituitary 
function tests (APFTs). 
Methods: A retrospective review of results in 
children with short stature and normal growth 
hormone levels. 
Results: Of 33 children tested, seven had 
suboptimal Cortisol responses based on accepted 
criteria (peak <500 nmol/1) - a false positive rate 
of 21%. Only three of these children had a 
repeat LDST, which was normal in all cases. 
The peak Cortisol response (median 633, range, 
417-1052 nmol/1) was inversely correlated with 
age (r = -0.44, ρ <0.05). 
Conclusion: One in five tests did not meet 
normal criteria. This false positive rate (21%) 
should be borne in mind when interpreting 
synacthen tests to prevent overdiagnosis of 
adrenal insufficiency. 
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INTRODUCTION 

Historically the insulin tolerance test has been 
the standard reference test for assessing the inte-
grity of the hypothalamo-pitiutary-adrenal (ΗΡΑ) 
axis; however, it is intensive, unpleasant and 
potentially dangerous1"3. In the 1960s Wood et alA 

reported the Cortisol response following an injec-
tion of 250 μg of adrenocorticotrophin (synacthen). 
This test has since gained in popularity, but this 
high dose may mask milder forms of adrenal 
insufficiency. In recent years, studies have con-
firmed that the low dose synacthen test (LDST) 
(using doses around 1 μg) is able to stimulate the 
adrenal gland maximally, thus increasing the 
sensitivity of the test, and it has been recommended 
as the screening test of choice in the investigation 
of the ΗΡΑ axis5"8. This test is now widely used in 
paediatric practice. 

Recent publications suggest that up to 40% of 
children on inhaled steroids have evidence of 
adrenal suppression9. This, combined with a 
number of suboptimal test responses in patients 
undergoing pituitary function tests in our unit, in 
whom we assessed the probability of adrenal 
insufficiency as very low, prompted us to examine 
the literature on which the cut-off values for 
normality or abnormality related to children 
undergoing the LDST are based. Major paediatric 
textbooks suggest a peak Cortisol response greater 
than 550 nmol/1 or an incremental increase from 
baseline of greater than 200 nmol/1 constitutes a 
normal LDST response10. The references cited 
though refer to young adult males6. Other texts cite 
LDST references pertaining to the original standard 
dose (250 μg) synacthen test as opposed to the low 
dose synacthen test4 " 1 2 . There appear to be few 
normative data for healthy children. 

In our unit even when there is no clinical 
suspicion of adrenal insufficiency an LDST is 
routinely undertaken as part of the protocol for 
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anterior pituitary function testing, even when the 
primary indication for testing is to assess the 
growth hormone axis. We retrospectively examined 
the Cortisol profiles of children who had undergone 
pituitary function testing for investigation of short 
stature in whom, based on clinical and biochemical 
criteria, we thought adrenal insufficiency was 
unlikely, and thus we presumed they had a normal 
ΗΡΑ axis. 

METHODS 

Between 2004 and 2005, 59 patients had full 
anterior pituitary function tests performed, which 
included a low dose synacthen test (1 μg) (Tetra-
cosactide, Alliance Pharma, UK). Children were 
excluded if there was clinical suspicion of a 
problem with the ΗΡΑ axis, an abnormal MRI, 
other co-existing pituitary hormone deficiencies, if 
they did not have a normal ACTH level, or if 
adrenal antibodies were positive. This resulted in a 
cohort of 33 patients, and the results of the LDST 
were analysed in an attempt to quantify the Cortisol 
response in a population of children who we 
considered unlikely to have adrenal pathology. 

Children were fasted from midnight and only 
clear fluid allowed up to the time of the test. 
Pituitary function was measured following an oral 
dose of Clonidine (150 μg/m2) and intravenous 
thyrotrophin releasing hormone (TRH) (200 μg), 
luteinising releasing hormone (LHRH) (100 μg) 
and synacthen (1 μg). Synacthen was prepared by 

dissolving 125 μg (0.5 ml) of synacthen in 500 ml 
of 0.9% saline and injecting 4 ml (1 μg) of the well-
mixed solution. Samples were taken at baseline for 
ACTH and Cortisol; thereafter Cortisol levels were 
measured at 10, 20, 30 and 60 minutes. Serum 
Cortisol was measured by immunoassay (Advia-
Centaur, Bayer, New York, USA). Baseline Corti-
sol, peak Cortisol and the maximum increment of 
Cortisol were recorded. 

Statistical analysis 

The data are expressed as means, medians and 
ranges and analysed using the Pearson correlation 
coefficient. A ρ value <0.05 was considered to be 
significant. Data were analysed using SPSS soft-
ware ν 9.0 (SPSS Inc., Chicago, IL, USA) and 
Microsoft Excel 2003 (Microsoft Corp, Redmond, 
WA, USA). 

RESULTS 

Of the 33 patients, there were 10 females and 23 
males, mean age 10.9 years (range 2-17). The mean 
(standard deviation [SD]) and median peak Cortisol 
responses are shown in Table 1. There was no 
significant difference in the mean peak Cortisol 
response between males and females. Peak Cortisol 
was inversely related to age (r = -0.443, ρ <0.05) 
with younger children having a higher peak 
response. The mean incremental increase in Cortisol 
from baseline was 322 nmol/1 (SD 17 nmol/1) with 

TABLE 1 

Peak Cortisol response 

η Peak Cortisol response (nmol/1) 

mean (SD) median Range 

Total 33 646 (183) 623 363-1,052 

Sex 
Female 

Male 

10 

23 

644(201) 

647(179) 

652 

605 

363-980 

417-1,052 

Age 
<10 years 13 745 (144) 777 489-980 

Age 
>10 years 20 582 (180) 558 363-1,052 
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a median of 266 nmol/1. There was no relationship 
between the height SD scores and the peak Cortisol 
response. 

Seven (three females, four males) out of the 33 
children had what may be considered suboptimal 
Cortisol responses (peak <500 mmol/1 and a rise in 
Cortisol of <200 nmol/1), giving a false positive rate 
of 21 %. The mean peak Cortisol in this group was 
432 nmol/1 (SD 49). Three out of these seven 
children had a repeat LDST which was normal on 
retesting; mean Cortisol peak of 567 (SD 70). In 
view of the otherwise normal pituitary function test, 
it was not felt appropriate to repeat the test in all 
children who 'failed' a synacthen test. No other 
investigations of the pituitary adrenal axis were 
undertaken. 

D I S C U S S I O N 

This retrospective study suggests that stimulated 
Cortisol values following an LDST may result in a 
suboptimal response in up to 21% of tests in a 
paediatric population, which are often normal on 
repeat testing. It demonstrates the need for age and 
assay specific responses to the LDST in children. In 
a similar manner to our study, Crofton et α/.13 also 
noted that the peak Cortisol response following 
insulin induced hypoglycaemia decreases with age, 
and Lashansky et al. demonstrated that following a 
250 μg dose of ACTH in healthy children the peak 
Cortisol response varied with age, gender and 
pubertal status14. The lower limit of the Cortisol 
range may be below 500 nmol/1 in both boys and 
girls. This difference was more pronounced during 
puberty, often the time when pituitary function tests 
are undertaken to assess short stature or disorders 
of puberty. In healthy adults, the peak Cortisol 
response following an LDST has been shown to be 
less than 500 nmol/1 in 7% of the population15. 
Considerable variation exists in the quoted sensi-
tivity and specificity of the test. Some of these 
discrepancies may be due to the radioimmunoassay 
used, therefore kit-specific normal ranges have 
been advocated'617. 

We made the fundamental assumption that this 
group of children did not have adrenal insuffici-
ency, which is a weakness of the study. This group 
is not representative of the normal population as 

they were referred for further, albeit normal assess-
ment, of short stature and did not require any 
treatment. There is also a preponderance of males 
in our group which reflects the nature of referrals 
for short stature to our endocrine unit. However, 
there are no studies which have looked at Cortisol 
responses in a true control group of children, 
therefore the ranges have often been extrapolated 
from adult data. Other researchers have also used 
data obtained during pituitary function testing to 
establish the 'normal' ranges for children. In a 
study of the effects of inhaled corticosteroids on 
adrenal suppression, Raux Demay et al.'8 used 
ranges derived from 40 children investigated for 
short stature. The mean peak Cortisol value of their 
control group was 580 nmol/1 (range 439-726). 
Interestingly, to define a suboptimal response they 
used a cut-off of two standard deviations below the 
mean value for the controls (below 422 nmol/1). 
Using this criterion resulted in subnormal values in 
28% of their steroid treated group. Meanwhile, 
Paton et al9 have suggested abnormal responses in 
nearly 40% of children treated with inhaled flutica-
sone proprionate, utilising more traditional cut-off 
limits for peak Cortisol of over 500 nmol/1. 

An interaction between Clonidine and the 
Cortisol response to synacthen is a potential con-
founding factor that needs to be considered. 
Following the administration of Clonidine alone in 
children undergoing growth hormone stimulation 
tests, Cortisol levels tend to fall slightly, raising the 
possibility that it may have a suppressive effect on 
Cortisol1920. However, a study by Weintrob et al.2{ 

showed no difference between the peak Cortisol 
response in children who had a combined Clonidine 
and synacthen test compared to those who had a 
synacthen test alone. It seems unlikely therefore 
that Clonidine has a significant effect on the Cortisol 
response to stimulation by synacthen. 

Given the high false positive rate we observed 
we believe that caution should be used when 
concluding that an individual has significant 
adrenal suppression based solely on the results of 
an LDST. There are no reliable paediatric standards 
as to what may constitute an abnormal response. 
Up to one in five children with a presumed normal 
ΗΡΑ axis may not reach the traditional cut-off of a 
peak Cortisol of 500 nmol/1 or rise in Cortisol of 
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>200 nmol/1. Age is also likely to affect the 
responses and thus data to establish the appropriate 
ranges in children are required. 
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