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Abstract 

Short Synacthen tests are used to diagnose
primary and secondary adrenal insufficiency.
The standard test uses supraphysiological
adrenocorticotropic hormone (250 µg). The
low-dose test (1 µg) was proposed to be more
sensitive. In outpatients with nonspecific
symptoms referred for exclusion of adrenal
insufficiency, we assessed whether the low-
dose test was an appropriate initial investiga-
tion. Results of 233 low-dose tests were
obtained from pathology database 2007-2009.
Clinical data were available for 169 patients: 37
taking glucocorticoids or with known pitu-
itary/adrenal disease were excluded. Among
the remaining 132 patients, 26% failed using
stimulated cortisol ≥500 nmol/L and 45% failed
at ≥550 nmol/L. These rates of apparent adre-
nal insufficiency are ~50 fold above expected.
In conclusion, the low-dose test, using conven-
tional criteria for normality, is abnormal in a
large proportion of patients with nonspecific
symptoms. Until criteria for normal cortisol
response to low-dose Synacthen are clarified,
alternative tests of adrenal function are
advised in this clinical setting.

Introduction

The short Synacthen [tetracosactrin i.e.
synthetic adrenocorticotropic hormone
(ACTH) 1-24] test is routinely used to diag-
nose adrenal insufficiency, both primary and
secondary (i.e. due to hypothalamic-pituitary
disorders). Use of the short Synacthen test in
assessment of secondary adrenal insufficiency
relies on adrenal gland atrophy due to
impaired endogenous ACTH secretion and
thus cannot be used acutely after hypothalam-
ic-pituitary injury.

The standard-dose test (250 µg Synacthen)
uses a supraphysiological ACTH dose. The low-
dose test (1 µg Synacthen) was proposed as a
more sensitive test: its use has been advocated
in diagnosis of secondary adrenal insufficien-
cy due to chronic hypothalamic-pituitary dis-
ease and glucocorticoid administration.1
However, technical issues such as require-
ment for dilution of Synacthen prior to admin-
istration and potential binding of ACTH onto
plastic injection devices,2 as well as lack of
consensus on the normal cortisol response to 1
µg Synacthen,3-5 have prevented universal
acceptance of this test. A stimulated cortisol
cutoff value of 500-550 nmol/L is conventional-
ly used to indicate a normal response in the
low-dose Synacthen test, however a recent
study in healthy adults reported the lowest cor-
tisol response to 1 µg Synacthen was 345
nmol/L.5
We had the opportunity to evaluate the low-

dose Synacthen test in a unique population i.e.
outpatients presenting with nonspecific symp-
toms, no known adrenal/pituitary disease, and
not taking glucocorticoids. Until 2009, the
default Synacthen test offered by our regional
pathology laboratory (serving a population of
~100,000) was low-dose: thereafter, the stan-
dard-dose Synacthen test became the default
test. We aimed to investigate the frequency
that the low-dose test was abnormal in patients
referred for investigation of nonspecific symp-
toms in the period May 2007 - April 2009 in
order to determine whether this was an appro-
priate initial test in this clinical setting.
Confirmation of adrenal insufficiency with
additional tests (standard-dose Synacthen test
or insulin tolerance test), or investigation of
underlying diagnoses in those patients with an
abnormal low-dose Synacthen test, was beyond
the scope of this study. We also investigated if
measurement of basal serum cortisol alone
would have been sufficient for diagnosis in a
significant number of patients, thus avoiding
the need for a dynamic test. 

Materials and Methods

The results of the Synacthen tests and clini-
cal information on the request forms were
obtained from the Pathology Department data-
base at Launceston General Hospital for the
period May 2007 - April 2009. All data obtained
were non-identifiable. In accordance with the
National Statement on Ethical Conduct in
Human Research, Human Ethics Committee
approval was not required. 
For the test, 250 μg Synacthen (Novartis

Pharmaceuticals, Switzerland) was diluted in
50 mL normal saline, stored at 4°C in glass for
≤1 month, then further diluted to 1 µg/mL in a
disposable polyethylene syringe on the morn-

ing of the test. One µg of Synacthen was
administered i.v. via a butterfly infusion set at
0900 - 0930 hrs with measurement of serum
cortisol immediately pre-dose and 30 minutes
post-dose. The 30 minute post-Synacthen cor-
tisol value was used for interpretation of the
test as this is a common protocol used in pub-
lished studies,3,4 and there is some evidence
that the 30 minute cortisol may be superior to
the 20 minute value.4 Moreover, 84% of peak
responses occur at 30 minutes after adminis-
tration of low dose Synacthen.5 Serum cortisol
was assayed using an automated competitive
immunoassay (VITROS ECi, Ortho-Clinical
Diagnostics, Raritan, NJ, USA). The limit of
quantitation of this assay is ~5 nmol/L, and
intra- and inter-assay coefficient of variation
2.2% and 5.1%, respectively. 
We analysed stimulated cortisol cutoff val-

ues of 500 nmol/L and 550 nmol/L, as well as
the newly proposed cutoff of 345 nmol/L.5 The
increment of serum cortisol after Synacthen
was not considered as a criterion. Regarding
basal cortisol levels, an early morning serum
cortisol <100 nmol/L was considered to be
diagnostic of adrenal insufficiency and a corti-
sol ≥450 nmol/L to indicate normal hypothala-
mic-pituitary-adrenal axis function.6
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Results

A total of 233 patients had low-dose
Synacthen tests performed during the 2 year
period. All but 3 were on outpatients i.e.
referred from primary care (n=87, 37%), out-
patient clinics or physician’s consulting rooms.
Clinical data were recorded on the pathology
request form for 169 patients and no clinical
data was recorded for 64. Where clinical infor-
mation was available, patients currently or
recently on glucocorticoids or with known pitu-
itary/adrenal disease were excluded from the
analysis (n=37). No patients were stated to be
taking estrogen therapy. Among the remaining
132 patients in whom clinical information was
available, the most common reasons given for
the test (accounting for 75% of test requests)
were fatigue/lethargy (n=42, i.e. 32% of
patients), hypotension/syncope (n=19, 14%),
possible hypoadrenalism (n=18, 13%), unex-
plained vomiting/abdominal pain (n=8, 6%),
unexplained weight loss (n=5, 6%) and
hyponatraemia (n=5, 4%). In the remaining 35
patients, a variety of other indications were
stated, including previous abnormal cortisol
levels, salt craving, type 1 diabetes.
The results are summarized in Table 1.

Among patients with clinical information, (i.e.
nonspecific symptoms, not taking glucocorti-
coids and without known adrenal or pituitary
disease), 45% failed to achieve stimulated
serum cortisol ≥550 nmol/L and 26% failed to
achieve stimulated cortisol ≥500 nmol/L. At a
cortisol cutoff of 345 nmol/L, 8% failed to
achieve an adequate response. In the group
without clinical information, the results were
similar (data not shown). Basal serum cortisol
levels were considered diagnostic in 25
patients (i.e. 19%) in whom clinical informa-
tion was available: all of the patients in this
group with basal cortisol <100 nmol/L (n=5)
failed to achieve a stimulated cortisol ≥500
nmol/L (range 50-415 nmol/L). The indications
given for testing in these patients were
hypotension, fatigue, probable Addison’s
Disease, previously low cortisol, and diabetes.
The basal cortisol was ≥450 nmol/L in 20
patients in this group, all of whom achieved
stimulated cortisol ≥500 nmol/L (range 540-
1260 nmol/L). 

Discussion

Symptoms of both primary and secondary
adrenal insufficiency may be nonspecific but
diagnosis is crucial as these disorders can be
fatal if untreated. In the investigation of pri-
mary adrenal insufficiency, the standard-dose
Synacthen test is conventionally used: the low-
dose test has been advocated by some for the

diagnosis of partial or subtle primary adrenal
insufficiency, however data regarding the per-
formance of the test for this clinical indication
are lacking.1 The performance of both the stan-
dard-dose and low-dose Synacthen tests has
been extensively studied in patients with hypo-
thalamic-pituitary disorders but the relative
utility of the tests is still debated.1,3,4 The min-
imum stimulated serum cortisol level that
defines a normal response to Synacthen varies
widely in the literature.1,3,5 There is also evi-
dence of significant variation between differ-
ent cortisol assays.7
We evaluated the low-dose Synacthen test in

outpatients presenting with nonspecific symp-
toms such as fatigue and lethargy, no known
adrenal or pituitary disease and not taking glu-
cocorticoids. We are not aware of any similar
data in the published literature. In our study,
the low-dose Synacthen test was abnormal in
~26% or ~45% of patients using stimulated
cortisol cutoff values of 500 nmol/L and 550
nmol/L, respectively. These data indicate that
using conventional stimulated cortisol cutoff
values, the frequency of newly diagnosed pri-
mary or secondary adrenal insufficiency is 17-
30 cases per year in our population of 100,000.
This contrasts with the published incidence of
primary adrenal insufficiency of 4.7-6.2 per
million per year.8 If our cases represented sec-
ondary adrenal insufficiency, the most com-
mon cause of which is administration of gluco-
corticoids, the number of new cases each year
would exceed the published prevalence of sec-
ondary adrenal insufficiency i.e. 150-280 per
million.8 Using the criterion of stimulated cor-
tisol cutoff of 345 nmol/L proposed by a recent
study,5 adrenal insufficiency would be diag-
nosed in 8% i.e. 5 new cases per year, which is
still 10 fold higher than the expected incidence
of primary adrenal insufficiency. However,
confirmation by additional investigators of the
utility of the cortisol cutoff of 345 nmol/l for the
low-dose Synacthen test is necessary before
this can be universally adopted. 
We also investigated whether an early morn-

ing serum cortisol level could reduce the need
for dynamic testing of adrenal function in out-

patients i.e. serum cortisol <100 nmol/L or
≥450 nmol/L. Our data showed that dynamic
testing of adrenal function could have been
avoided in less than 20% of outpatients, simi-
lar to that shown in a study by le Roux et al.9
A limitation of our study is that we had

access to limited clinical details. We excluded
patients stated to be currently or recently on
glucocorticoids. If such patients had been
included in the analyses due to incomplete
information, this would have the effect of
increasing the number of patients who failed
the low-dose Synacthen test. However this
would be an unlikely explanation for the fre-
quency of adrenal insufficiency as diagnosed
on low-dose Synacthen test in our population
i.e. up to 50 fold above expected rates. Another
limitation of our study is that we did not have
information on subsequent investigation of
the patients i.e. to confirm or refute a diagno-
sis of adrenal insufficiency in those with an
abnormal low-dose Synacthen test. However,
the frequency of abnormal test results in our
study population argues strongly in favour of
frequent false positive results: the proposition
that the true incidence of adrenal insufficien-
cy in outpatients with nonspecific symptoms is
up to 45% is untenable. Gender, age and body
mass index were not available in our patients,
although a recent study has shown that these
factors did not affect the cortisol response to
Synacthen.5

Conclusions

We conclude that the probability of the low-
dose Synacthen test being abnormal in outpa-
tients with nonspecific symptoms is 26-45%,
using conventional criteria for a normal cortisol
response i.e. 500 nmol/L or 550 nmol/L, respec-
tively. It is important that clinicians are aware
of this finding, given that for most patients, a
second round of investigations will then be
required to confirm adrenal insufficiency (e.g.
standard-dose Synacthen test or insulin toler-
ance test), thus causing additional patient
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Table 1. Low-dose Synacthen test in patients with clinical data available.

Serum cortisol nmol/L
n=132

baseline (mean±standard deviation) 312±173
+30 min (mean±standard deviation) 583±182
<345 at +30 min (n) 10 (8%)
<500 at +30 min (n) 35 (26%)
<550 at +30 min (n) 59 (45%)
<100 at baseline (n) 5 (4%)*

≥450 at baseline (n) 20 (15%)**
*Stimulated cortisol <500 nmol/L (range 50-415 nmol/L). **Stimulated cortisol ≥500 nmol/L (range 540-1260 nmol/L). 

Non
-co

mmerc
ial

 us
e o

nly



[Endocrinology Studies 2012; 2:e5] [page 21]

inconvenience and laboratory expense. Until
the criteria for a normal cortisol response to
low-dose Synacthen have been re-evaluated, it
would seem prudent to choose an alternative
test of adrenal function for the initial investiga-
tion of patients with nonspecific symptoms. 
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