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Abstract

Objective. While the low dose short Synacthen® test (LDSST) is considered to be the gold standard to evaluate
adrenal function, it is labor-intensive, invasive and inconvenient. The aim of the study is to identify cut-offs for spot
serum cortisol for in-patients and morning serum cortisol for out-patients. The study also aims to describe the disease
spectrum leading to suspicion of adrenal insufficiency in a Chinese out-patient cohort.

Methodology. Adult patients were recruited from a tertiary hospital in Hong Kong. 423 in-patients were included
consecutively from July 2013 to December 2013, and 422 out-patients from June 2014 to October 2014. Serum cortisol
responses at 0, 20 and 30 minutes were evaluated.

Results. For in-patients admitted for acute illness, a spot serum cortisol of <92 nmol/L indicated adrenal insufficiency,
and a value of 2494 nmol/L signaled adequate adrenal reserve. The respective morning cortisol values for out-patients
who were ambulatory and not under stress were <124 nmol/L and 2428 nmol/L. The percentage of unnecessary
LDSST was higher in the in-patient cohort than the out-patient cohort (43% and 37%, respectively). The most common
referral for out-patient LDSST was for suspected iatrogenic Cushing’s syndrome (ie: iatrogenic adrenal suppression)
from Rheumatology.

Conclusions. The LDSST is of little added value in in-patients with spot serum cortisol of <92 nmol/L or 2494 nmol/L
and out-patients with morning serum cortisol of <124 nmol/L or 2428 nmol/L. Spot and morning cortisol levels, for in
and out-patients respectively, should be incorporated into endocrine protocols preceding the LDSST in the workup of

adrenal insufficiency.
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INTRODUCTION

Accurate assessment of adrenocortical function is essential
in the management of patients with suspected adrenal
insufficiency (Al). If left untreated, adrenal crisis with
features of severe vomiting, shock, confusion, loss of
consciousness or even death might result during acute
stress. The low dose 1 ug short Synacthen® test (LDSST)
is considered to be the gold standard to evaluate adrenal
function in such patients. A maximum cortisol response
between 400 to 620 nmol/L within 20 to 40 minutes after
intravenous administration of 1 ug of synthetic
adrenocorticotropin (ACTH) (Synacthen®) are variably
used for the diagnosis of adrenal sufficiency.!

In patients with recent onset ACTH deficiency (e.g. within
2 weeks after pituitary surgery), the adrenal glands may
not have become completely atrophic and may still
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respond to ACTH stimulation.!? For this reason, the insulin
tolerance test (ITT) is traditionally seen as the gold
standard for investigation of the integrity of the
hypothalamic-pituitary-adrenal (HPA) axis in secondary
adrenal insufficiency. However, the ITT carries a risk of
hypoglycemia, and is contraindicated for patients with
epilepsy, ischemic heart disease or recent cerebrovascular
accident.®* The metyrapone test may also be used in
evaluating the HPA axis. Its use is limited because
metyrapone may precipitate refractory hypotension in
some patients, and the measurement of 11-
deoxycorticosterone is not readily available in most
laboratories.*> Other stimulation tests, such as the glucagon
or the corticotropin-releasing hormone tests, are not as
sensitive and specific as ITT.%” The LDSST has been
validated as a safe and sensitive method for screening
abnormalities of the HPA axis in Chinese patients
suspected ~of having secondary  adrenocortical
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insufficiency.® Earlier studies indicate that LDSST can also
detect partial adrenal insufficiency, such as in cases of
chronic use of inhaled glucocorticoids or early adrenal
destruction by infectious or autoimmune processes. These
may be missed by the standard dose short Synacthen® test
(S8ST), which involves a supraphysiologic stimulus that can
stimulate a compromised adrenal gland that still has some
residual function.®’® In our hospital, a peak cortisol
response in LDSST at or above 500 nmol/L is accepted as
adequate adrenal reserve in a patient with suspected
adrenal insufficiency (primary, or secondary if at least 2
weeks post pituitary surgery).

The LDSST procedure involves intravenous administration
of Synacthen® and venous blood sample collection at 0, 20
and 30 minutes for measurement of serum cortisol. In our
center, cortisol is measured by electrochemiluminescence
immunoassay (Roche Diagnostics, Basel, Switzerland). The
test is labor intensive, invasive and inconvenient. The
requirement of multiple blood sampling is poorly accepted
by patients, especially those who are subjected to the test
on a regular basis.
morning cortisol, has been evaluated to indicate cortisol
reserve.'"12 In the Caucasian population, a 9 am serum
cortisol of <100 nmol/L or >500 nmol/L has been validated
as adrenal insufficient or adrenal sufficient, respectively,
eliminating the need for further complicated stimulation
tests.’® It was observed that the number of LDSST yielding
results consistent with normal adrenal reserve (85%,
unpublished data) was more than expected in our hospital
as compared to previous studies (69% to 71%).1314 This
prompted the question as to whether too many patients
were put through unnecessary invasive procedures, and
whether this could be reduced by measuring spot or
morning serum cortisol prior to the stimulation test.

A simpler test, such as a spot or

The aims of this study were:

1. To assess the usefulness of spot serum cortisol in the
diagnosis of patients with suspected primary or
secondary adrenocortical insufficiency, using LDSST
as the gold standard diagnostic test, and to identify
the optimal cut-off values for spot cortisol in the
Chinese population in the in-patient setting; and

2. To assess the usefulness of morning serum cortisol in
the diagnosis of patients with suspected primary or
secondary adrenocortical insufficiency, using LDSST
as the gold standard diagnostic test, and to identify
the optimal cut-off values for morning cortisol in the
Chinese population in the out-patient setting.

METHODOLOGY

The study was carried out in two phases at the Prince of
Wales Hospital, the teaching hospital of the Chinese
University of Hong Kong. The first phase was a
retrospective analysis of data from 423 in-patients included
consecutively from July 2013 to December 2013. All
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patients were evaluated with LDSST because of suspected
disease of the HPA axis for various reasons, such as
hyponatremia, hypotension, hypoglycemia or suspected
iatrogenic ~ Cushing’s during  their
hospitalization for acute illnesses. The LDSST was
performed by a house officer at any time of the day,
usually within 12 hours from the time the order was placed
by a medical officer. One mL (0.25 mg) of Synacthen® was
added to 499 mL of normal saline.

syndrome,

After mixing
thoroughly, 2 mL of the freshly mixed solution (containing
1 ug Synacthen®) was withdrawn into a syringe. Blood
was drawn for 0 minute serum cortisol, followed by an
intravenous bolus injection of Synacthen® 1 pg. Blood was
again sampled for cortisol measurement at 20 and 30
minutes after the injection.
assayed at each time point by electrochemiluminescence
immunoassay (Roche Diagnostics, Basel, Switzerland). The
lower limit for detection was assessed to be 0.5 nmol/L.
The coefficients of variation at different levels for the assay
were 3.8% at 104 nmol/L, 2.5% at 700 nmol/L and 2.6% at
1045 nmol/L.

Serum cortisol levels were

The second phase was a prospective analysis of 422 out-
patients recruited consecutively from June 2014 to October
2014. All patients were evaluated with LDSST because of
suspected disease of the HPA axis when free from acute
stress. The patients were categorized into 4 groups based
on the reasons for referral:

Category 1: Patients referred from in-patient at discharge,
excluding those in categories 2 and 3;

Category 2: Patients with pituitary lesion or disturbance;

Category 3: Patients who were on exogenous steroid or
had adrenalectomy done due to adrenal Cushing’s
syndrome; and

Category 4: Patients referred for reasons not included in
the previous 3 categories.

The LDSST was carried out in the out-patient Endocrine
Centre by a specialty nurse at 0900H. The steps of the test
and the cortisol assay were exactly the same as those in the
first phase of the study.

Receiver operating characteristic (ROC) curves were
obtained using the Statistical Package for Social Sciences
version 21 (SPSS Inc., Chicago, Illinois).

RESULTS
Phase One (In-patients, retrospective)

423 in-patients with suspected adrenal insufficiency
underwent LDSST during their hospitalization for acute
illnesses over a 6-month period. Only a small
proportion, 15%, failed the LDSST. Both basal and peak
cortisol ranges were lower in patients who failed the test
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(Table 1). The peak cortisol of these patients were insufficiency, resulting in 100% sensitivity and 32%

normally distributed (Appendix 1). There was a specificity.

A cortisol cut-off point of >494 nmol/L was

significant correlation between basal cortisol values and found have 100% specificity, but with only 45%
peak levels during the LDSST (R?=0.528) (Figure 1). ROC sensitivity (Figure 2). Twenty (4.7%) patients had basal

analysis suggested the safest baseline cortisol cut-off  cortisol <92
point of <92 nmol/L as an indication of adrenal nmol/L.

nmol/L, while 163 (38.5%) had values >494
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Figure 1. Individual cortisol peak levels in 423 in-patients ~ Figure 2. Receiver operating characteristic curve of basal

p|0tted against basal cortisol during low dose short cortisol levels in 423 in-patientS with the low dose short
Synacthen® test. Synacthen® test (LDSST) as reference test. Peak cortisol

levels in the

insufficiency.

LDSST less than 500 nmol/L indicate adrenal
Area under the curve 0.884 (95% confidence

intervals 0.852-0.917).
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Figure 3. Number of patients in each out-patient category stratified by their responses to low dose short Synacthen® test.
Category 1: Patients referred from in-patient at discharge, excluding those in categories 2 and 3; Category 2: Patients with
pituitary lesion/disturbance; Category 3: Patients who were on exogenous steroid or had adrenalectomy done due to
adrenal Cushing’s syndrome; Category 4: Patients referred for other reasons.
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Figure 4. Receiver operating characteristic curves of morning cortisol levels in 422 out-patients with the low dose short

Synacthen® test (LDSST) as reference test.

Peak cortisol levels in the LDSST less than 500 nmol/L indicate adrenal

insufficiency. (a) Category 1: In-patients referred upon discharge, excluding those in categories 2 and 3; area under the

curve (AUC) 0.828 (95% confidence intervals 0.711-0.945).

(b) Category 2: Patients with pituitary lesion/disturbance;

AUC 0.869 (95% confidence intervals 0.817-0.922). (c¢) Category 3: Patients who were on exogenous steroid or had
adrenalectomy done due to adrenal Cushing’s syndrome; AUC 0.879 (95% confidence intervals 0.824-0.933). (d)
Category 4: Patients referred for other reasons; AUC 0.913 (95% confidence intervals 0.820-1.000).

Phase Two (Out-patients, prospective)

422 out-patients with suspected adrenal insufficiency
underwent LDSST in the out-patient Endocrine Centre
when they were not under acute stress over a 5-month
period. The peak cortisol of these patients were normally
distributed (Appendix 2). The number of patients in each
out-patient category stratified by their responses to the
LDSST is illustrated in Figure 3. Fifty percent of the

www.asean-endocrinejournal.org

patients in category 3 failed the LDSST. The proportions of
patients who failed the LDSST were similar across category
1, 2, and 4 (30 to 36%). A summary of the responses and
reasons for referral for LDSST is presented in Table 2. Most
patients were category 2, with radiotherapy to the head
and neck region as the most common reason for referral.
For both categories 1 and 4, hyponatremia was the most
frequently cited reason for referral, followed by postural
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BP drop or hypotension. Suspicion of iatrogenic Cushing’s
syndrome made up the majority of referrals in category 3
(150 out of 154 patients), most frequently referred from
Rheumatology, followed by general medical clinics. Two
patients had no clear reasons for referral despite detailed
review of their medical records: one in category 1 (referred
from in-patient) and one in category 4 (referred from out-
patient). A vast variety of reasons for referral were noted
in category 4, ranging from abnormal biochemistry results

(hyponatremia or hypoglycemia), general signs or
symptoms  (postural ~ BP  drop/hypotension  or
hyperpigmentation), localized adrenal abnormalities

(adrenal abscess, metastasis, calcification, or resection), to
endocrine syndromes [polyneuropathy, organomegaly,
endocrinopathy, monoclonal protein and skin changes
(POEMS); or polyglandular autoimmune syndrome (PAS)].
ROC curves for patients in different categories showed that
the safest morning cortisol cut-offs as signals of adrenal
insufficiency or sufficiency in the out-patient population
were different for patients in different categories (Figure 4).
Taken as a whole, the most sensitive serum cortisol level
indicative of adrenal insufficiency was <124 nmol/L, the
lowest cut-off across all categories with a sensitivity of
100%. A serum cortisol of >428 nmol/L, the highest cut-off
across all categories with a 100% specificity, was the most
specific level that ruled out adrenal insufficiency. Fifty-
three patients (12.6%) had morning cortisol levels <124
nmol/L, while 101 (23.9%) had levels >428 nmol/L.

Table 1. Cortisol levels of in-patients with low dose short
Synacthen® test performed over a 6-month period
(N=423)

Patient who
passed® LDSST®

Patients who
failed® LDSST®

n (%) 65 (15%) 358 (85%)
Basal cortisol range, nmol/L 3-493 96-1524
Peak cortisol range, nmol/L 10-499 504-1730

aWith peak cortisol <500 nmol/L
bLDSST, low dose short Synacthen® test
¢ With peak cortisol =500 nmol/L

Table 2. Cortisol levels of out-patients with low dose
short Synacthen® test performed over a 5-month period

(N=422)
Category 1a 2b 3c 4d Total
n 44 179 154 45 422
Number of patients who 13 60 77 16 166
failed LDSSTe (%) (30) (34) (50) (36) (39)

aCategory 1: Patients referred from in-patient at discharge, excluding those in
categories 2 and 3

bCategory 2: Patients with pituitary lesion or disturbance

¢ Category 3: Patients who were on exogenous steroid or had adrenalectomy done due
to adrenal Cushing’s syndrome

dCategory 4: Patients referred for reasons not included in the previous 3 categories
¢LDSST, low dose short Synacthen® test

Table 3. Category 1% reasons for referral

Reason Frequency
Hyponatremia 23
Postural BPb drop/hypotension

Dizziness without change in BPb

Hypoglycemia

Hyperkalemia

Recurrent syncope

Low random cortisol

Adrenal insufficiency diagnosed in private sector
Unknown

2 Category 1: In-patients referred at discharge, excluding those in categories 2 and 3
bBP, blood pressure

=) =2 A NN WWo
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Table 4. Category 2° reasons for referral

Reason Frequency
Post-radiotherapy to head and neck region 68
Post-transsphenoidal surgery 46
Pituitary tumor on imaging 41
Pituitary apoplexy 5
Empty sella 4
Biochemically cranial diabetes insipidus without lesion on imaging 3
Iron overload 2
Isolated ACTHDb deficiency 2
Hyperprolactinemia 2
Post-transfrontal operation 1
Hypogonadotropic hypogonadism 1
Suspected Kallmann syndrome 1
Biochemically hypopituitary without pituitary lesion on imaging 1
Histiocytosis 1
Human immunodeficiency virus infection 1
a Category 2: Patients with pituitary lesion or disturbance
b ACTH, adrenocorticotrophic hormone

Table 5. Category 3% reasons for referral
Reason Frequency
Post adrenalectomy for adrenal Cushing’s syndrome 4
Suspected iatrogenic Cushing’s syndrome from clinics 148
Rheumatology 40
General Medical 29
Neurology 18
Renal 18
Respiratory 15
Endocrine 14
Dermatology 7
Hematology 4
Gastroenterology 2
Thyroid 1
Suspected iatrogenic Cushing’s upon admission to wards 2

a Category 3: Patients who were on exogenous steroid or had adrenalectomy done due
to adrenal Cushing’s syndrome

Table 6. Category 4 reasons for referral

Reason Frequency

Hyponatremia 17
Postural BPb drop/hypotension 1
Hypoglycemia

Hyperpigmentation

Adrenal abscess

Adrenal metastasis

Adrenal calcification

Post adrenalectomy for adrenal cortical carcinoma
Primary adrenal insufficiency

POEMSc

Polyglandular autoimmune syndrome

Suspected autoimmune disease

Hirsutism

Post-bone marrow transplant

Unknown

a Category 4: Patients referred for reasons not included in the previous 3 categories

b BP, blood pressure

¢ POEMS, polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, skin
changes

w

[N NN NN NN O N

—-

DISCUSSION

Simpler and non-invasive tests to diagnose adrenal
insufficiency, such as spot or morning serum cortisol,
could possibly reduce the number of patients having to
go through the cumbersome LDSST. In this study, we
compared basal cortisol levels with LDSST in a group of
in-patients, to determine their utility in being the first step
screening test for evaluation of AI. We also compared the
morning cortisol levels with the LDSST in a group of out-
patients referred for suspected Al, and determined the
safest cut-offs for identification of patients requiring
further dynamic tests. The disease spectrum leading to
suspicion of Al in our Chinese out-patient cohort is
described in Table 2.
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Roux studied a cohort of 210 patients with suspected Al to
determine the utility of the 9 AM cortisol level prior to SST
in out-patient assessment using automated enzyme-linked
immunosorbent assay (ELISA) with the Roche Diagnostics
ES700 (Lewes, UK). The study found that the SST is of
little added value in patients with a 9 AM cortisol of <100
nmol/L or >500 nmol/L. They recommended a 9 AM
cortisol level should be included in the appropriate
protocols for endocrine workup, since it would have
prevented 21% of the patients from going through
unnecessary SST.'® Our investigation of 422 Chinese out-
patients revealed similar values: patients with morning
cortisol levels <124 nmol/L (n=53) and >428 nmol/L (n=101)
were all adrenal insufficient and adrenal sufficient,
respectively. Therefore, further LDSST for these groups of
patients (37% of the original 422 patients) would not have
been indicated. Similarly, for our in-patient cohort, 43% of
the original 423 patients would not have needed the
LDSST based on the spot cortisol cut-offs of <92 nmol/L
(adrenal insufficient) and >494 nmol/L (adrenal sufficient).
Our higher percentage of unnecessary dynamic test as
compared to Roux’s study may be the result of a lower
clinical threshold for referral in our Centre. However, since
the exact reasons for referral were not specified in Roux’s
paper, we are unable to further examine this hypothesis.

In our study, the cortisol cut-off level for the diagnosis of
adrenal insufficiency with the best sensitivity and
specificity was lower for in-patients (92 nmol/L) than out-
patients (124 nmol/L). The percentage of unnecessary
LDSST was higher in the in-patient cohort (43%) than the
out-patient cohort (37%).
under acute stress and the out-patients were ambulatory
and not acutely ill, the cortisol levels in these groups
cannot be directly compared. The clinical threshold of
suspecting adrenal insufficiency is also lower for in-
patients, since they are often very ill, leading to a higher
number of unnecessary LDSST.

Because the in-patients were

Fifteen percent of the in-patients failed the LDSST. For the
out-patients, the percentages of patients failing the LDSST
were similar for categories 1, 2 and 4 (30 to 36%).
Remarkably, 50% of those in category 3 failed the LDSST.
Chronic adrenal suppression, either by exogenous steroid
or excessive endogenous steroid from a functioning
adrenal adenoma, made them more prone to genuine
adrenal insufficiency.

Cushing’s syndrome due to exogenous steroid is common,
as about 1% of the general population use exogenous
steroids for various indications.!> A recent study from the
United Kingdom reported that up to 33.2% of patients on
exogenous steroids had a subnormal response to short
Synacthen® test when cortisol levels were analyzed with a
standard automated competitive immunoassay platform
(Roche 114 Modular System, Roche, Lewes, UK).!
Nasopharyngeal carcinoma (NPC) is a major public health
concern in Hong Kong with an annual incidence of 15.4 in

www.asean-endocrinejournal.org
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100,000, with radiotherapy being the most commonly used
modality of treatment since decades ago.'” Therefore, it is
not surprising that these two groups of patients made up
the majority of our out-patient cohort (52%). Both groups
are often regularly tested for adrenal function to monitor
adrenal recovery in iatrogenic Cushing’s and adrenal
failure in NPC. Currently, these patients are all being
managed by internal medicine specialists in our hospital,
taking up a significant share of consults in the internal
medicine clinics. Informing the family doctors about the
morning cortisol range needing LDSST derived from this
study (124 to 428 nmol/L) would help them make rational
decisions on who would need follow-up LDSST to
diagnose Al, and who would have to be referred to internal
medicine clinics when LDSST is needed. This huge number
of patients may be managed adequately in the family
medicine clinics, while more clinic quota in the internal
medicine clinics may be spared for other patients in need.

It should be emphasized that a normal spot/morning
cortisol or even LDSST result does not preclude the use of
glucocorticoid stress coverage if the clinical picture is
strongly suggestive of adrenal insufficiency, especially
during extreme physiological stress. While adrenal
sufficiency was defined as an adequate serum cortisol
response of >500 nmol/L at either 20 or 30 minutes after
intravenous Synacthen® for the purpose of this study,
this assumption may not always be applicable in clinical
practice. LDSST cut-offs were obtained from either 2.5t
or 5% percentile values from testing normal individuals,
implying an intrinsic error rate when using this test.!
Physicians ordering spot/morning cortisol or LDSST
should always interpret the results within the specific
clinical context when making a diagnosis of adrenal
insufficiency.

Our study has several limitations.
LDSST for in-patients was not standardized. Due to
practicability issues within our stretched health-care
system, our house officers could only attend to dynamic
function tests after completion of all on-hand urgent
duties, making it difficult to have tests done at 0900H. As
cortisol secretion follows a diurnal rhythm, this lack of
standardization might impair the applicability of our
analyses. Nevertheless, acute stress is known to affect
diurnal rhythm, so that standardizing the timing of LDSST
at 0900H for in-patients may not be as important as those
performed in out-patients who do not have acute
illnesses.”  Second, concomitant blood glucose levels
during cortisol measurements that may influence cortisol
responses in acutely ill patients were not accounted for
since the data were not captured. Third, since 80% of
plasma cortisol is bound by cortisol-binding globulin
(CBG), and that many (thyrotoxicosis,
hypothyroidism, chronic disease, nephrotic
syndrome, use of oral contraceptive pills) may affect the
levels of CBG and levels of free cortisol, the measurements
of CBG with serum cortisol would have improved the

First, the timing of

conditions
liver
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accuracy of our analyses.?0??
suspected
exogenous glucocorticoids, information on the dose, route,
potency and duration were not available for assessment of
dose-dependent effects. However, the expectation would
be intuitive, so that the larger dose, longer duration, more
potent the glucocorticoids used, the more likely that
secondary adrenal insufficiency would result. Fifth, the
duration of pituitary disease was not captured in this

Fourth, for patients with

secondary adrenal insufficiency due to

study. Sixth, as this is a continual quality improvement
project in our hospital, instead of a defined sample size, a
designated time period was followed according to the
project timeline set by the hospital management team.
Lastly, since it has been shown that different assays yield
different cortisol cut-offs for confirmation of Al, results
and interpretations from our study cannot be directly
compared with those from studies using different assays.?

Despite these limitations, the clear separation of patients
into those with acute illnesses (in-patients) and those
without acute stress (out-patients), the relatively large
sample size for both the in- and out-patients cohorts, and
the detailed categorization of the out-patient cohort are
important strengths of this study.

CONCLUSION

We found that he LDSST is of little added value in in-
patients with spot serum cortisol of <92 nmol/L or >494
nmol/L, and out-patients with morning serum cortisol of
<124 nmol/L or >428 nmol/L. Spot and morning cortisol
levels, for in- and out-patients respectively, should be
incorporated into endocrine protocols preceding the LDSST
in the workup of adrenal insufficiency in order to free up
manpower, reduce waiting time in specialists” clinics, and to
save patients from unnecessary invasive investigations.
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Appendix 1. Peak cortisol levels in low dose short Synacthen® tests in 423 in-patients.
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Appendix 2. Peak cortisol levels in low dose short Synacthen® tests in 422 out-patients.
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