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Summary

Objective Despite the widespread use of the short synacthen

test (SST), there remains no clear consensus on sampling times

for the measurement of serum cortisol that best determines

adrenal reserve. We set out to establish whether there is any

value in measuring serum cortisol at 60 min following adminis-

tration of synacthen.

Design Retrospective data analysis of 500 SST results measuring

0, 30 and 60 min cortisol levels after administration of 250 lg
of synacthen at 2 large urban National Health Teaching Hospi-

tals in the UK.

Patients and measurements Individuals thought to have pri-

mary or secondary adrenal insufficiency given 250 lg of synac-

then.

Measurements Serum cortisol levels measured at 0, 30 and

60 min, looking to see how many people who had adrenal insuf-

ficiency at the 30 min sample but in whom the 60 min sample

showed adequate adrenal reserve.

Results The results from 384 people were analysed. A total of

276 had normal responses at 30 min and also at 60 min. A sum

of 33 individuals had ‘insufficient’ (i.e., <550 nmol/l) 30 min

cortisol levels, rising to � 550 nmol/l at the 60 min test. All 75

individuals who were insufficient at 60 min were also insuffi-

cient at 30 min. No individuals passed (� 550 nmol/l) at

30 min and then failed (<550 nmol/l) at 60 min.

Conclusions These results suggest that a significant proportion

of people undergoing a SST may be inappropriately diagnosed

as having adrenal insufficiency if the 60 min sample is not mea-

sured. We suggest that the 60 min sample is measured in all

individuals having a SST to prevent unnecessary over-diagnosis

of adrenal insufficiency.

(Received 28 December 2012; returned for revision 31 May 2012;

finally revised 12 June 2012; accepted 18 June 2012)

Introduction

The short synacthen test (SST) was introduced over 45 years

ago as a faster and safer alternative to the gold standard insulin

tolerance test (ITT) for the assessment of primary adrenal insuf-

ficiency.1 In recent years the test (variously referred to in the lit-

erature as the co-syntropin or short tetracosactide test) has also

been employed to assess secondary adrenal insufficiency based

on the assumption that chronic adrenocorticotrophic hormone

(ACTH) deficiency leads to adrenal atrophy and therefore hypo-

responsiveness to exogenous, synthetic ACTH (synacthen).2 For

this reason, the test has grown in popularity among UK endocri-

nologists, with a rise in use from 24% in 1988 to 50% in

1994.3,4

Given the widespread use of this test, it is surprising that

there remains no consensus on sampling times for the measure-

ment of serum total cortisol.5 Samples for cortisol have histori-

cally been taken at 0 and 30 min, with some units also taking

samples at 40, 45 or 60 min postsynacthen administration.5 Two

UK surveys conducted 15 years apart show an increasing trend

in clinicians discarding the 60 min sampling time and relying

more heavily on the 30 min sample,5,6 the only time point that

has been validated against the ITT.2,7

Adrenocorticotrophic hormone concentrations have been

shown to be high immediately following its administration,8,9

and its half life is between 10 and 20 min.10,11 This would sug-

gest that maximal adrenal stimulation would last for several

hours. Despite this, however, some authors have stated that,

based on the results of their studies, the 60 min sample has no

benefit over the 30 min sample.4,12 Other authors believe that,

because the 60 min value has not been validated against the

ITT, it may be a less reliable index of hypothalamo-pituitary-

adrenal (HPA) axis function.13 However, Mansoor and col-

leagues produced evidence to support the use of the 60 min

sample as a sole measurement postsynacthen, stating that it is

equally effective in identifying abnormal cases as values at both

30 and 60 min.14

Based on these data, our study set out to establish whether

there is any value in measuring cortisol at 60 min. In particular,

the aim of our study was to determine how often a patient

would be misdiagnosed as having adrenal insufficiency if the

60 min sample was not taken.
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Subjects and methods

The study was conducted at King’s College Hospital NHS Foun-

dation Trust (KCH), London, and the Norfolk and Norwich Uni-

versity Hospitals NHS Foundation Trust (NNUH) in Norwich.

At both institutions ethical approval was sought and deemed not

to be required due to the retrospective nature of the data collec-

tion and analysis. In addition, consent was deemed not to be

required from participants for a similar reason, and also because

this was deemed to be ‘a service improvement exercise’.

Consistent with UK practice, both centres measured serum

total cortisol (nmol/l) at time 0 min, then administered the

supra-physiological dose of 250 lg synacthen intravenously or

intramuscularly.5 The serum cortisol response was measured at

30 and 60 min.

At KCH, serum total cortisol was determined using the AD-

VIA Centaur chemiluminescence immunoassay (Bayer Diagnos-

tics, Berkshire, UK). At NNUH, serum total cortisol is measured

using the Roche Elecsys 2010 electrochemiluminescence immu-

noassay (Roche Diagnostics, West Sussex, UK). Both methods

are assessed by the National External Quality Assurance Scheme

(NEQAS) ensuring they maintain low coefficients of variation

and remain relatively comparable.

Whilst there are significant differences between immunobased

assays and less so in mass spectrometry based assays, the UK

NEQAS regularly sends out a single sample equally divided to a

number of laboratories using different analysers to access the

precision and accuracy of their results, and comparing them to

others. The NEQAS data for the duration of the study showed

that the coefficient of variation for the Bayer ADVIA: Centaur

analyser (Bayer Diagnostics) used at KCH was a mean of 5�92%
(SD 0�94) using 5 samples, with that for the Roche Elecsys ana-

lyser (Roche Diagnostics) used at NNUH was 5�36% (SD 0�55).
The national average for all 5 analysers was 12�26% (SD 6�55). A
snapshot from September 2011 from the UK NEQAS Steroid

Annual Review 2011 would indicate that the average bias (B

score) of the Centaur was + 7�8% and the average bias (B score)

of the Elecsys was + 0�2% (Finlay MacKenzie, NEQAS, personal

communication)

In all, 250 consecutive SSTs were viewed in each centre. At

KCH, these SSTs were conducted between January and October

2010. At NNUH, the SSTs were conducted between March 2009

and August 2010.

A ‘pass’ response to synacthen was defined as a serum total

cortisol concentration of � 550 nmol/l at 30 and 60 min. Both

centres use this widely adopted cut-off value at 30 min when

interpreting SST results.6

In each centre, the 250 consecutive SSTs were accessed using

respective electronic pathology systems. All subjects who had the

SST conducted to assess adrenal reserve were included in the

study. The following groups were excluded: those taking gluco-

corticoids which had not been omitted prior to the test; those

taking oestrogen-containing preparations, i.e., the combined oral

contraceptive pill or hormone replacement therapy; those within

4 weeks of a pituitary insult, i.e., surgery or apoplexy; pregnant

women; those who had the test performed for congenital adrenal

hyperplasia and those who had an incomplete test, i.e., where

cortisol was not measured at all three time points (0, 30 and

60 min).

Each subject’s SST result was then categorized according to the

outcome. There were four possible outcomes. A ‘pass’ for the SST

was a cortisol response � 550 nmol/l at 30 and 60 min whilst a

‘fail’ was a cortisol response < 550 nmol/l at 30 and 60 min. A

‘pass at 30 min only’ was a cortisol response � 550 nmol/l at

30 min but < 550 nmol/l at 60 min. A ‘pass at 60 min only’ or a

‘delayed response’ was a cortisol response < 550 nmol/l at

30 min but � 550 nmol/l at 60 min. The focus of the present

study was those subjects falling in the latter category. They would

have a false negative test if the 60 min sample was not taken, i.e.,

they would be misdiagnosed as having adrenal insufficiency.

Therefore, we wanted to determine how many subjects fell into

this category in both centres to determine whether the 60 min

sample is required in the SST.

Results

All 250 subjects from NNUH were included in the data analysis;

however, there were 116 exclusions from KCH. Of these, 114 were

patients with chronic liver disease, and 2 were incomplete tests –

i.e., samples were not taken at all three time points. Of the 384

subjects included in the study from both centres, the median age

was 51 years (IQR 37, 65), 61% were female (95% CI, 56% to

66%) and median serum cortisol concentrations was 323 nmol/l

(IQR 208, 442) at 0 min. Following synacthen administration,

median cortisol concentration rose to 685 nmol/l (IQR 502, 819)

at 30 min and 780 nmol/l (IQR 595, 941) at 60 min.

Looking at those individuals with results that were not a clear

pass, at NNUH 6 patients had marginal results at 30 min (i.e.,

between 500 and 549 nmol/l) and 12 were clear fails at 30 min

(<500 nmol/l at 30 min), and at KCH 5 patients were marginal

and 10 were clear fails. The combined mean (i.e., NNUH

together with KCH, n = 22) 0 min cortisol for these clear fails

at 30 min was 219 nmol/l (±SD 93), the 30 min value was

471 nmol/l (±24) and the 60 min value was 581 nmol/l (±22).
For those that were marginal (i.e., � 500 nmol/l at 30 min), the

combined mean (i.e., NNUH together with KCH, n = 11) of the

0 min cortisol at 30 min was 258 nmol/l (±124), the 30 min

value was 515 nmol/l (±11) and the 60 min value was

602 nmol/l (±32). The numbers of patients were too small to do

any statistical analyses.

Table 1 shows pair-wise comparisons of raw cortisol

responses, taking account of the paired nature of the data. The

differences shown were all strongly statistically significant (P-

value < 0�0001).
Table 2 compares the cortisol responses in each centre at

30 min and 60 min using the McNemar’s test. This test assesses

the significance of the difference between two correlated propor-

tions. It is the discordant pairs that were of interest to our

study. We noted significant differences in the responses at

30 min compared to those at 60 min, and this is mainly influ-

enced by the fact that if a subject passes at 30 min, they are

unlikely to fail at 60 min. The main findings of the current
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study was that for the 33 people with delayed responses

(responses < 550 nmol/l at 30 min, but � 550 nmol/l at

60 min – 18 (7%) from NNUH and 15 (11%) from KCH), the

mean 0 min cortisol level was 232 nmol/l (±104), the 30 min

response was 486 nmol/l (±29) and the 60 min response was

588 nmol/l (±27).
We also wanted to check the sensitivity, specificity, negative

predictive value and positive predictive value of the 60 min sam-

ple assuming that the 30 min value was gold standard. This is

shown in Table 3 and the corresponding ROC curve given in

Fig. 1. We then repeated the calculations assuming 60 min as the

gold standard. This is shown in Table 4 and the corresponding

ROC curve given in Fig. 2. Tables 3 and 4 and Figs 1 and 2 con-

firm that when the 60 min were taken as the gold standard,

higher specificity, positive predictive value (PPV) and ROC area

were achieved, indicating that using the 60 min as the gold stan-

dard was better than using the 30 min value as the gold standard.

Discussion

Our study shows that up to 11% of patients having an SST

would be inappropriately diagnosed with adrenal insufficiency if

the 60 min sample was not used. Recent data have shown that

in healthy humans, cortisol levels continue to rise for up to

60 min after the administration of ACTH before reaching a pla-

teau.15 However, there has been previous controversy surround-

ing sampling times in the SST. Previous work has supported the

use of the 30 min sample due to excellent correlation being doc-

umented between the 30 min sample and the peak cortisol

response to hypoglycaemia in the gold standard ITT,2,3,7,12,16,17

although this is not always the case.18 Some clinicians still

include the 60 min sample when conducting the SST, but its use

is declining due to lack of validation against the ITT. Inconsis-

tency in sampling times for the SST in centres across the UK

could lead to erroneous diagnoses of hypoadrenalism.6

Subjects passing the SST only at 60 min tend to exhibit a

‘delayed response’ to exogenous ACTH but in essence have

normally functioning adrenal glands. If their management was

to be based solely on the 30 min sample, they would be com-

menced on unnecessary, long-term steroid replacement ther-

apy. The adverse effects of long-term steroids such as

osteoporosis, diabetes mellitus and hypertension have long

been known to significantly increase morbidity and mortality

in patients.

To justify removing the 60 min sample, the percentage of sub-

jects with a ‘delayed response’ to synacthen would need to be as

close to zero as possible. However, because a significant percent-

age of subjects in both centres are at risk of misdiagnosis with-

out the 60 min sample, its value in improving the accuracy of

diagnosis in the SST has been brought to light.

Our study had some limitations. These include the fact that

it was a retrospective data analysis taking samples from only

two centres in the UK. We acknowledge that there are some

underlining biases inherent in a retrospective study compared to a

prospective one. However, we suggest that our results indicate a

particular direction and that confirmation of our findings using a

larger dataset of subjects prospectively and from multiple centres

would strengthen the value of our results. Previous work surveying

endocrine function testing in the UK showed that very few labora-

tories were using the guidelines for interpreting cortisol responses

that were published 10 years prior to their survey.6,19 The

guidelines recommended testing cortisol at 30 and 60 min, but

Table 1. Inferential statistics, taking account of paired nature of the data. The data show the results of the administration of synacthen on all possible

time points in the test at both centres. After the administration of synacthen, mean cortisol values rise at 30 min and continue to rise at 60 min at

both centres

Pair-wise comparison NNUH, n = 250 NNUH, P-value KCL, n = 134 KCL, P-value Overall, P-value

Cortisol 0 min vs 30 min 330 (221, 432) vs 723 (550, 841) <0�0001* 306 (182, 458) vs 625 (489, 716) <0�0001* <0�0001*
Cortisol 0 min vs 60 min 330 (221, 432) vs 843 (612, 965) <0�0001* 306 (182, 458) vs 713 (571, 840) <0�0001* <0�0001*
Cortisol 30 min vs 60 min 723 (550, 841) vs 843 (612, 965) <0�0001* 625 (489, 716) vs 713 (571, 840) <0�0001* <0�0001*

NNUH, Norfolk and Norwich University Hospital; KCH, King’s College Hospital.

*Wilcoxon matched pairs signed-rank test was used. Values are median in nmol/l (Inter-quartile range).

Table 2. Comparisons of responses at 30 min and 60 min. These data show that a proportion of people at each site who fail at 30 min go on to pass

at 60 min. However, those who failed at 60 min also failed at 30 min

Cortisol response

at 30 or 60 min

NNUH, n = 250

60 min # (%)

P-value

KCL, n = 134

60 min # (%)

P-value

ALL, n = 384

60 min # (%)

P-valuePass Fail Pass Fail Pass Fail

30 min

Pass 188 (75%) 0 (0%) <0�00001* 88 (67%) 0 (0%) 0�0001* 276 (72%) 0 (0%) <0�00001*
Fail 18 (7%) 44 (18%) 15 (11%) 31 (23%) 33 (9%) 75 (20%)

NNUH, Norfolk and Norwich University Hospital; KCH, King’s College Hospital; Pass = cortisol response greater or equal to 550 nmol/l or else it is fail.

*McNemar’s test for matched pairs.
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with a cut-off for a ‘normal’ value of 650 nmol/l.19 These findings

are discrepant to those of Klose et al. who suggested that the cut-

off of 550 nmol/l was too high.20 These authors also discussed the

high false positive rates associated with different forms of assay.

The general use of a cut-off of 550 nmol/l varies between centres,

mainly due to the use of different cortisol assays. The discussion

of which assays to use or whether the 30 min value is incorrect

remain beyond the remit of this discussion, and the focus of our

study was to assess the relevance of widespread current UK prac-

tice. Neither was it the purpose of the current study to assess the

validity of the 60 min value against the results seen with an ITT –

this has been carried out previously.4 Furthermore, there is no

consensus about whether the dose of synacthen should be given

intramuscularly or intravenously – with both methods being

quoted regularly in the literature.20,21

We believe, however, that whilst absolute values are impor-

tant, it is the principle that some people who have suboptimal

results at 30 min (whatever the assay used and the local refer-

ence range) go on to have results that fall into the reference

range at 60 min, and thus do not have adrenal insufficiency.

Thus individual units should assess their own practice to deter-

mine the utility of their results at different times.

Results from patients with liver disease were excluded because it

was felt that their hormone binding was likely to be variable due

to changes in the levels of free cortisol, serum binding proteins,

albumin and corticosteroid binding globulin or sex hormone

metabolism thus making interpretation of the results difficult. As

discussed by Keenan et al., these parameters need to be stable to

allow accurate interpretation of the rapid changes in the equilib-

rium of the complex interaction between these variables.22 In

patients with ongoing liver disease this is unlikely to be the case.

Another limitation was that due to the small numbers of indi-

viduals who had delayed responses [<550 nmol/l at 30 min,

but � 550 nmol/l at 60 min – 18 (7%) from NNUH and 15

(11%) from KCH], our data did not have sufficient power to

assess if there were any differences in outcomes according to

age, gender or type of adrenal failure – primary or secondary.

This work will need larger data sets.

In many units a 9 am cortisol may be carried out prior to

deciding on the need for a SST. If this is low, then a zero, 30

and 60 min value are carried out. The results of the current
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Fig. 2 Receiver operating characteristic curve for 30 min taking 60 min

as the gold standard.

Table 3. Sensitivity, specificity, receiver operating characteristic (ROC)

area, positive predictive value (PPV), negative predictive value (NPV) of

responses at 60 min taking 30 min as the gold standard. These data

suggest that a value of < 550 nmol/l at 60 min is always indicative of a

failed response at 30 min, whist 11% of individuals with a value

of > 550 nmol/l at 60 min may have had a suboptimal response at

30 min

NNUH, n = 250

Estimate (95%

CI)

KCL, n = 134

Estimate (95%

CI)

ALL, n = 384

Estimate (95%

CI)

Sensitivity 100% (98–100%) 100% (96–100%) 100% (99–100%)

Specificity 71% (58–82%) 67% (52–81%) 69% (60–78%)

ROC area 0�85 (0�80–0�91) 0�84 (0�77–0�91) 0�85 (0�80–0�89)
PPV 91% (87–95%) 85% (77–92%) 89% (85–93%)

NPV 100% (92–100%) 100% (89–100%) 100% (95–100%)

Table 4. Sensitivity, specificity, receiver operating characteristic (ROC)

area, positive predictive value (PPV), negative predictive value (NPV) of

responses at 30 min taking 60 min as the gold standard. These data

suggest that a value of >550 nmol/l at 30 min is always indicative of a

sufficient response at 60 min, whist 31% of individuals who were

identified as having a suboptimal response at 30 min went on to have a

sufficient response at 60 min

NNUH, n = 250

Estimate (95%

CI)

KCL, n = 134

Estimate (95%

CI)

ALL, n = 384

Estimate (95%

CI)

Sensitivity 91% (87–95%) 85% (77–92%) 89% (85–93%)

Specificity 100% (92–100%) 100% (89–100%) 100% (95–100%)

ROC area 0�96 (0�94–0�98) 0�93 (0�89–0�96) 0�95 (0�93–0�96)
PPV 100% (98–100%) 100% (96–100%) 100% (99–100%)

NPV 71% (58–82%) 67% (52–81%) 69% (60–78%)
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Fig. 1 Receiver operating characteristic curve for 60 min taking 30 min

as the gold standard.
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study suggest there seems little need for the zero and 30 min

samples to be taken if the results of the 60 min samples are suf-

ficient to make a diagnosis. Thus it may initially seem that the

test may be confined to a single cortisol sample, taken 60 min

after the administration of synacthen, affording cost, efficiency

and comfort advantages. However, we feel that this would be an

incorrect course of action for three reasons. First, given that it

is the 30 min sample that has been shown to have the best cor-

relation with the ITT, it is unlikely that without comparative

data that the 30 min test will be abandoned. Secondly, the zero

time basal sample is useful because it allows clinicians to know

whether stressed patients ‘passed the test’ before being given

Synacthen. Finally it also allows the clinician to get some feel

for the severity of any cortisol deficiency, having the opportu-

nity to assess the extent of the response to synacthen and, per-

haps more importantly, being able to interpret the subsequent

samples if the basal sample itself is elevated because of stress, etc.

One hesitates to suggest that the comparison of the 0 min sample

in relation to the other values is part of the art of interpreting

the SST.

Thus, we would continue to recommend the use of the

30 min sample due to its repeated validation against the peak

cortisol response to hypoglycaemia in the ITT, but would sug-

gest that a 60 min sample also be taken due to the data we have

presented, and the data presented by Dorin et al.15

In summary, to our knowledge, this clinical study is the first

of its kind to support the use of the 60 min sample alongside

the 0 and 30 min samples in the conventional SST.
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