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Cushing’s syndrome requires a screening test of high sensi-
tivity, followed by biochemical evaluation of the source of the
tumor when the cause is ACTH dependent. The high-dose
dexamethasone suppression test is still in common use as an
aid in differential diagnosis, although its value has been que-
ried. We have routinely used the low-dose dexamethasone
suppression test for many years in the diagnosis of Cushing’s
syndrome but noticed that patients with pituitary-dependent
Cushing’s syndrome or Cushing’s disease, usually showed
some degree of suppression of their serum cortisol, compared
to those with the ectopic ACTH syndrome. We therefore an-
alyzed retrospectively the serum cortisol responses during
the low-dose dexamethasone suppression test and the high-
dose dexamethasone suppression test in 245 patients with
ACTH-dependent Cushing’s syndrome and compared the di-
agnostic utility of each test either alone or in combination
with a standard test using CRH. Evaluation of the serum cor-
tisol response at 24 and 48 h during the low-dose dexameth-
asone suppression test correctly identified 98% of patients
with ACTH-dependent Cushing’s syndrome and distinguished
between pituitary and ectopic causes with a sensitivity of 82%

and a specificity of 79%. In the same patients, the serum cor-
tisol response to the high-dose dexamethasone suppression
test had a slightly higher sensitivity (91%) and specificity
(80%). However, the combined criteria of a more than 30%
suppression of serum cortisol during the low-dose dexameth-
asone suppression test and/or a more than 20% increase in the
CRH test had a significantly higher sensitivity (97%) and spec-
ificity (94%) than either the high-dose dexamethasone or the
CRH tests alone in the differential diagnosis of ACTH-depen-
dent Cushing’s syndrome. It produced equivalent information
to that when high-dose and CRH test results were combined.
We therefore conclude that in our patient series, the serum
cortisol response during the low-dose dexamethasone sup-
pression test is highly sensitive in diagnosing Cushing’s syn-
drome and, combined with the results of the serum cortisol
response to the CRH test, offered a safe and cost-effective test
in the differential diagnosis of ACTH-dependent Cushing’s
syndrome. There does not appear to be any necessity for re-
taining the high-dose dexamethasone suppression test in this
diagnostic work-up. (J Clin Endocrinol Metab 88: 5299–5306,
2003)

ACTH-DEPENDENT CUSHING’S syndrome (CS) re-
sults from excessive cortisol secretion characterized

by the loss of the normal feedback mechanisms and circadian
rhythm of the hypothalamo-pituitary axis due to inappro-
priate secretion of ACTH from a pituitary tumor or an ectopic
source (1). The clinician investigating patients with Cush-
ing’s syndrome has to be prepared to deal with equivocal test
results: the first challenge the clinician encounters is to dis-
criminate between mild Cushing’s syndrome and a pseudo-
Cushing’s state such as certain patients with obesity or de-
pressive illness; the second challenge in the differential
diagnosis of ACTH-dependent hypercortisolism is identify-
ing and locating the ACTH-secreting tumor (2–6).

Because increasing attention has been placed on early di-
agnosis of CS and the number of patients screened for hy-
percortisolism increases steadily, the clinician dealing with
the work-up of these patients requires a simple and conve-
nient test to screen a large number of patients and one that

is also highly sensitive in identifying patients with very mild
or preclinical Cushing’s disease (CD).

The high-dose dexamethasone suppression test (HDDST)
has long been one of the most useful tests of biochemical
differential diagnosis of CS, based on the observation that in
pituitary-mediated disease, ACTH secretion tends to retain
some degree of responsiveness to glucocorticoid negative
feedback, whereas tumors responsible for ectopic production
of ACTH tend not to do so. However, the accuracy of the
HDDST test has been reported to remain unsatisfactory (2,
5–19). Furthermore, it requires subjecting the patient with
cortisol excess to the further burden of high doses of a drug
with predominant glucocorticoid, but also some mineralo-
corticoid, activity. Over the last few years, the CRH stimu-
lation test has gradually gained momentum as a useful dy-
namic test in the differential diagnosis of CS (11, 20–23).
However, diagnostic errors using the CRH test occur with a
frequency of 7–15% (2, 14, 21–26). Therefore, neither the
HDDST nor the CRH stimulation tests alone consistently
distinguish CD from the ectopic ACTH syndrome. For this
reason, direct sampling from the venous drainage of the
pituitary adenoma (the inferior petrosal sinuses), bilateral
inferior petrosal sinus sampling (BIPSS), has been developed
(27, 28). Although the BIPSS is an extremely powerful tech-

Abbreviations: AUC, Area under the curve; BIPSS, bilateral inferior
petrosal sinus sampling; CD, Cushing’s disease; CI, confidence interval;
CS, Cushing’s syndrome; EAS, ectopic source of ACTH; HDDST, high-
dose dexamethasone suppression test; LDDST, low-dose dexametha-
sone suppression test; ROC, receiver operating characteristic curve.
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nique for establishing the central origin of ACTH, it is an
invasive technique that requires expertise, is expensive, and
may not be free of hazard.

Because of the continuing need for improved noninvasive
means of establishing endogenous CS to distinguish pitu-
itary from ectopic ACTH-producing tumors, we reevaluated
retrospectively the usefulness and accuracy of the HDDST,
compared with the CRH test. In addition, we investigated
whether combining the results of the low-dose dexametha-
sone suppression test (LDDSTs) with results form the CRH-
stimulation test would achieve the same or a higher diag-
nostic accuracy than the HDDST in the differential diagnosis
of ACTH-dependent CS.

Patients and Methods
Patients

Cases were drawn from those entered in the St. Bartholomew’s Hos-
pital Cushing’s Database. Between 1964 and 2001, 413 patients with CS
were investigated in the Department of Endocrinology of St. Bar-
tholomew’s Hospital, and the case records were entered in the database
according to the etiology of hypercortisolism. Of these 413 patients, 60
had an adrenal adenoma, 30 had an adrenal carcinoma, five had ma-
cronodular adrenal hyperplasia, and 318 patients were classified as
having ACTH-dependent CS: 274 of pituitary origin (CD) and 44 from
an ectopic source of ACTH (EAS). Of the 318 patients with the ACTH-
dependent CS who were potential candidates for this study, 73 were not
entered because full results of serum cortisol levels during the LDDST,
HDDST, or CRH test performed within the single institution of St.
Bartholomew’s Hospital were not available. Of the 245 patients entered
into the study, 119 have been included in our previous publications (11,
16, 26, 29–34).

The diagnosis of CS was based on clinical features of hypercorti-
solism, absence of a circadian rhythm of serum cortisol in terms of an
elevated midnight sleeping cortisol level, and lack of suppression of
cortisol after an oral 2-mg 48-h LDDST for serum cortisol, according to
a published departmental protocol (1, 35). Test results obtained in clin-
ical centers other than St. Bartholomew’s Hospital were taken into ac-
count in the clinical decisions but were not included in the current
analysis. All biochemical investigations were assayed within the same
institution. The decision to treat CS according to the suspected etiology
represented a collective clinical judgment by the endocrinologists, ra-
diologists, and surgeons on the basis of all investigations. A confirmed
diagnosis of CD was made on the basis of demonstration of a cortico-
troph adenoma at pathological examination after surgery, resolution of
clinical and biochemical abnormalities after pituitary surgery or pitu-
itary irradiation, and/or pituitary tumor growth documented by pitu-
itary scanning after medical treatment or bilateral adrenalectomy (36).
All patients with EAS reported in this study had histological confirma-
tion on tissue obtained either from primary lesions or metastases during
surgical removal or diagnostic biopsies or autopsy pathology specimens.
The study was approved as an institutional case-note review subject to
departmental authorization. Informed written consent for the use of
spare plasma for research samples was obtained from every volunteer
participating in the study.

Diagnostic tests

All tests were performed according to an established departmental
protocol (35).

LDDSTs and HDDSTs. A blood sample for serum cortisol measurement
was obtained at 0900 h on d 0 (basal value). Dexamethasone orally at a
dose of 0.5 mg for the LDDST and 2 mg for the HDDST was administered
strictly every 6 h (at 0900, 1500, 2100, and 0300 h) for 48 h, commencing
immediately after the first blood sample was taken. Blood samples at
0900 h after 24 and 48 h after the first dose of dexamethasone were
collected for serum cortisol measurement. A serum cortisol value of less
than 50 nmol/liter during the LDDST was taken as indicative of com-
plete cortisol suppression (1). In 164 patients, the HDDST followed the

LDDST immediately after the 48-h blood sample was obtained; in these
cases the basal serum cortisol value of the LDDST was considered the
basal value for the HDDST (2).

CRH test. A blood sample for serum cortisol measurement was taken at
�15 and 0 min before and 15, 30, 45, 60, 90, and 120 min after the
administration of 100 �g of human-sequence CRH iv. These data have
recently been published in full (33).

Assays

All hormonal assays were performed at the Department of Chemical
Endocrinology at St. Bartholomew’s Hospital. Serum cortisol was mea-
sured by an in-house unextracted nonchromatographic RIA from 1982
until 2000: The coefficient of variation at 100 nmol/liter and 1000 nmol/
liter was 6%. From the year 2000, serum cortisol was measured by
competitive immunoassay format on the fully automated Technicon
Immuno-1 analyzer (Bayer, Newbury, Berks, UK), using an immuno-
magnetic particle separation step and alkaline phosphatase for enzy-
matic generation of a colored complex quantified using absorbance at
405 nm. The lower limit of detection of serum cortisol concentration was
set at less than 50 nmol/liter. These two assays were validated against
each other using control sera and found to be equivalent. Before 1982,
a fluorometric assay had been used for a few years after replacement of
urinary steroid profiles. This assay proved to be equivalent to subse-
quent assays down to 150 nmol/liter, but below this level there was
nonspecific fluorescence. Only a very small number of patients were
assessed with this assay, and none was used to validate the absolute
threshold criterion of less than 50 nmol/liter.

Statistical analysis

Estimates of sensitivity [true-positive results/(true-positive results �
false-negative results)], specificity [true negative results/(true-negative
results � false-positive results)], and diagnostic accuracy were deter-
mined for serum cortisol at various response levels. In the differential
diagnosis, the presence of pituitary disease was considered to be a
positive response (disease), and the presence of ectopic ACTH produc-
tion was considered to be a negative response (nondisease).

To compare individual end points of the two tests at multiple levels
of steroid stimulation or suppression without the bias of predetermined
criteria, we constructed univariate curves of the receiver operating char-
acteristic curves (ROCs) by plotting the sensitivity against (1 � speci-
ficity) at each stimulation or suppression level using dedicated software.
We calculated the area under the curve (AUC) by interpolating the point
of each response level into the best-fitting hyperbola by means of the
least square method and calculated the integral of the curve falling
between 0 and 1. The AUC represents the inherent accuracy of the test
end point independent of the criteria; the chosen cut-off values were
those offering highest specificity and sensitivity. The Kruskal-Wallis test
was used for comparisons between independent groups. The Wilcoxon
matched-pairs signed-rank sum test was used to compare within-
subjects data. Correlation between variables was described using Spear-
man’s rank correlation coefficients. All values quoted are means � sd.
Significance was taken as P � 0.05.

Results

Two hundred forty-five patients with hypercortisolism
were unequivocally diagnosed as having CD (n � 209) or
EAS (n � 36). The frequency of EAS in the entire series was
36 of 245 (15%). The availability of cortisol levels at each time
point of the tests is reported in Table 1. All the patients
included in this study presented at least one detectable mid-
night serum cortisol value measured when the patient was
asleep in the hospital. The 24- and 48-h response of serum
cortisol to the LDDST was also evaluated in 30 normal
healthy volunteers (M:F, 13:17; mean age, 35 � 6 yr; mean
body mass index, 27 � 2.1).
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The LDDST

In patients with CD, baseline serum cortisol values were
629 � 225 nmol/liter, which decreased to 387 � 276 nmol/
liter 24 h after commencement of the LDDST [0 h vs. 24 h, P �
0.001; mean suppression, 39.4%; confidence interval (CI),
33.5–45.2%] and remained suppressed at 387 � 290 nmol/
liter after 48 h of 2 mg dexamethasone/d (24 h vs. 48 h, P �
0.05) (Fig. 1). Overall, 67% (107 of 159) of the patients with
CD obtained maximal suppression of baseline serum cortisol
levels at 24 h rather than 48 h, with the remaining 33% of
patients showing a further suppression (�5% of the 24-h
value) at 48 h (Fig. 2).

Patients with EAS had significantly higher mean serum
cortisol values, compared with patients with CD (P � 0.001),
and showed no suppression during the LDDST. Serum cor-
tisol levels were 1221 � 864, 1147 � 950, and 1229 � 1008
nmol/liter, respectively, at 0, 24, and 48 h of the LDDST. The
mean percentage change from baseline was, respectively,
5.1% (CI, �3.0 to 13.13%) and 3.5% (CI, �8.7 to 15.7%) (Figs.
1 and 2).

As noted above, all patients with EAS failed to suppress
serum cortisol levels during a LDDST, whereas 14 patients
with CD suppressed baseline serum cortisol levels to unde-

tectable levels (�50 nmol/liter) at 48 h. In addition, six pa-
tients with CD suppressed serum cortisol to an undetectable
level at 24 h; among these, two patients had detectable cor-
tisol levels at 48 h. Overall, the sensitivity of the LDDST to
diagnose hypercortisolism in patients with ACTH-depen-
dent CS who showed failure to suppress cortisol levels at
either 24 or 48 h during a LDDST was 98%, which is signif-
icantly higher (P � 0.05) than that obtained considering the
48-h value alone (94%). Of the four patients who had sup-
pressed cortisol to an undetectable level at both 24 and 48 h
during the LDDST, three had positive histology for an
ACTH-staining pituitary adenoma at transsphenoidal sur-
gery, whereas one was symptomatically and biochemically
cured after transsphenoidal hemihypophysectomy. Of the 10
patients who had detectable cortisol levels at 24 h but un-
detectable levels at 48 h, six patients had positive histology
for an ACTH-staining pituitary adenoma, whereas the re-
maining four patients resolved clinical and biochemical ab-
normalities after pituitary surgery and pituitary irradiation.

All control subjects suppressed baseline serum cortisol
values (273 � 85 nmol/liter) to an undetectable level at both
24 and 48 h of the LDDST.

The HDDST

In patients with CD, baseline serum cortisol values were
588 � 337 nmol/liter, which decreased to 220 � 299 nmol/
liter 24 h after commencement of the HDDST [0 vs. 24 h, P �
0.001; mean suppression, 72% (CI, 68.1–76.6%)] and re-
mained suppressed at 215 � 323 nmol/liter after 48 h of 8 mg
dexamethasone/d (24 h vs. 48 h, P � NS). Patients with EAS
had significantly higher mean baseline serum cortisol values,
compared with patients with CD (Fig. 1, P � 0.001), and
showed no suppression during the HDDST. Serum cortisol
levels were 1266 � 881, 1119 � 813, and 1232 � 973 nmol/
liter, respectively, at 0, 24, and 48 h of the HDDST. The mean
percentage change from baseline was 4% at 48 h (CI, �24 to

FIG. 1. Percentage of baseline of serum cortisol levels 48 h after 2
mg/d dexamethasone (LDDST 48 h) or 8 mg/d dexamethasone
(HDDST 48 h) according to the etiology of CS.

TABLE 1. Availability of test results in various patients
according to the etiology of CS

Test CD ( n � 209) EAS (n � 36)

LDDST (24 h) 159 30
LDDST (48 h) 194 33
HDDST (24 h) 156 29
HDDST (48 h) 187 32
CRH test 123 20

FIG. 2. Percentage change of serum cortisol levels during the con-
secutive LDDST�HDDST in 135 patients with CD (F) and 29 pa-
tients with ectopic ACTH-syndrome (‚). The time of blood sample
collection is shown as 2 � 24: at 0900 h after 24 h of 2 mg/d; 2 � 48:
at 0900 h after 48 h of 2 mg/d; 8 � 24: at 0900 h after 24 h of 8 mg/d;
8 � 48: at 0900 h after 48 h of 8 mg/d.
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16%). In patients with CD but not in patients with EAS, the
degree of cortisol suppression achieved with the HDDST was
significantly higher than that obtained with the LDDST (P �
0.001). Figure 2 shows the percentage change from baseline
of serum cortisol in patients with CD and EAS who under-
went a consecutive LDDST and HDDST.

In patients with CD, a significant fall in serum cortisol was
observed after 24 h of 2 mg dexamethasone/d (P � 0.001),
with no substantial change at 48 h (P � 0.1); a further re-
duction was observed when the dose was increased to 8
mg/d during the HDDST, but, similar to the LDDST, no
significant change was observed between the 24- and the 48-h
values of the HDDST (Fig. 2). In patients with EAS, the
percentage change from baseline was not statistically differ-
ent at any time.

In patients with CD, the degree of cortisol suppression
obtained during the LDDST was highly correlated with that
obtained during the HDDST (r � �0.54, P � 0.01; Fig. 3). A
greater than 30% suppression during the LDDST predicted
a greater than 50% suppression during the HDDST in 98% of
cases, and a greater than 50% suppression during the LDDST
predicted such a response in the HDDST in 99% of cases
(Fig. 3).

The CRH stimulation test

The response to the CRH test was analyzed as the per-
centage change of the mean cortisol values at �15 and 0 h,
compared with the mean cortisol values at 15 and 30 h after
administration of human-sequence CRH on the basis of re-
cently published data (26). The mean percentage changes
were 54% (CI, 45–63%) and 3% (CI, �1–7%) in patients with
CD and EAS, respectively.

The majority of patients with CD (99 of 123, 80.5%) ex-
hibited a 20% or more increase above baseline in serum
cortisol levels after CRH administration, compared with 1 of
20 (5%) patients with EAS (95% specificity for the diagnosis
of CD).

The differential diagnosis of the ACTH-dependent CS

ROCs were developed for the LDDST, HDDST, and CRH
test for the differential diagnosis between CD and EAS. Be-
cause in patients with CD suppression of serum cortisol

levels occurs at both 24 and 48 h, ROC curves were developed
for the 24-h value (Fig. 4A), the 48-h value (Fig. 4B) and the
mean of 24 and 48 h values of the LDDST (Fig. 4C). The ROC
generated using individual cut-off values were then re-
gressed to the best-fitting hyperbola (y � y0 � ax/b � x). The
area under each curve was calculated resolving the integral
of hyperbola for the interval between 0 and 1; the calculated
value of the AUC was then used as estimate of the accuracy
of the test. The best cut-off values to discriminate between
different etiologies are reported for each time point of the
LDDST. A 15% or more suppression at 24 h of the LDDST had
a sensitivity of 77% and specificity of 79% for the diagnosis
of CD. A 20% or more suppression at 48 h of the LDDST had
a sensitivity of 74% and specificity of 84% with an ROC-AUC
of 0.80; suppression of 15% or more measured on the mean
of the 24 and 48 h values had a sensitivity of 79%, specificity
of 82%, and AUC of 0.85.

Analysis of the ROC curve of the HDDST revealed that,
with respect to the standard criterion of 50% or more sup-
pression, the sensitivity was 85% with a specificity of 81%
(Fig. 4D); however, the optimal cut-off value was a greater
than 60% suppression, which had a sensitivity of 80% and a
specificity of 90% in the diagnosis of EAS. The AUC for the
ROC of HDDST (0.89) was significantly higher than that of
LDDST (0.80, P � 0.05), showing that the HDDST was
slightly superior to the LDDST alone in the differential di-
agnosis of ACTH-dependent CS.

To establish whether the combination of the LDDST and
CRH achieved the same accuracy as the HDDST, we selected
from the ROC curves a cut-off value of the LDDST that had
a better specificity than the best cut-off of the HDDST (Fig.
4F). This cut-off was a suppression of more than 30% mea-
sured on the mean of the 24- and 48-h values (sensitivity 65%,
specificity 94%). We then combined the two criteria of a
greater than 30% suppression and/or a greater than 20%
increase during the CRH test and evaluated the ability of
such criteria to differentiate the causes of ACTH-dependent
CS. The combination of tests had a sensitivity of 94% and a
specificity of 97%, with a diagnostic accuracy significantly
higher than that of the HDDST alone. The combination of the
results of the LDDST plus the CRH test correctly identified
94% of patients who have had both tests (121 of 129), with a

FIG. 3. Correlation between the degree of suppression
during the LDDST and the HDDST in the 185 patients
with CD.
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positive predictive value of greater than 99% and a negative
predictive value of 82%. Finally, we investigated whether the
combination of the HDDST plus the CRH was more accurate
than the combination of the LDDST plus the CRH. Overall,
the HDDST plus the CRH test had a sensitivity of 95% and
a specificity of 93%. The CRH test associated with either the
LDDST or the HDDST resulted in seven or six false negative
diagnoses, respectively, and only one false positive result;
thus, the LDDST and HDDST were equivalent when the
results were used in conjunction with the CRH test in iden-
tifying patients with CD.

Discussion

The data provided in this study show that the formal 48-h
LDDST based on measurement of serum cortisol at 24 and
48 h, after administration of 0.5 mg dexamethasone every 6 h
for 48 h, remains a highly sensitive test for the diagnosis of
endogenous hypercortisolism; in addition, when combined
with the result of the CRH test, it provides a diagnostic
accuracy higher than the HDDST alone in the differential
diagnosis of ACTH-dependent CS.

Since the original description by Liddle (7) in 1960 of the

FIG. 4. ROCs for the LDDST (A–C), the CRH
(D), the 48 h of the HDDST (E), and the com-
bined response of the LDDST and CRH (F) for
all data.
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formal LDDST (37), a variety of protocols exist for the dexa-
methasone administration, and a range of diagnostic cut-offs
that classify responses has been developed. Measurement of
urinary steroids has been substituted in several instances by
the measurement of serum cortisol (1). The 1-mg overnight
dexamethasone suppression test, because of its ease of ad-
ministration as an outpatient test, has been widely advocated
as a screening test (1). However, to achieve a suitable level
of sensitivity, up to 98% (10), the cut-off criteria for the
overnight dexamethasone suppression test have had to be
traded off against specificity. In the largest prospective se-
ries, the specificity of the overnight test was 87.5% (38); this
may be compared with the specificity of the 2 mg/d 48-h test
previously reported and confirmed in the present study, in
the range 97–100% (39).

We have reviewed the response of serum cortisol in 245
patients with ACTH-dependent CS diagnosed, treated, and
followed up in our department over the past 25 yr. In par-
ticular, we investigated the sensitivity of the test based on
either the serum cortisol value obtained at 24 h or the mean
of the 24- and 48-h values. Analysis of these end point values
significantly improved the sensitivity of the test to 97% and
98%, respectively, when compared with the traditional 48-h
value that has a sensitivity of 94%. Recently validated screen-
ing procedures, such as measurement of salivary cortisol (6,
40), have been advocated in place of the traditional 2-d or the
overnight dexamethasone suppression tests as a first-line
screening of patients with CS. Because assessment of patients
with probable CS is currently performed at an earlier stage,
in which the biochemical alterations in cortisol dynamics can
be more subtle, earlier screening requires more sensitive
testing. Our findings support the use of the LDDST at 24 h
as a sensitive tool to assess such patients, particularly in
identifying patients with CS who may be missed if analysis
is limited to the 48-h value only. It is also conveniently
performed on an outpatient basis. Indeed, using the 24-h
value may make it possible to identify those patients with CD
who suppress cortisol to normal at 48 h because of a de-
creased clearance of dexamethasone (41, 42). The findings of
this study also suggest that the LDDST could be simplified
further by shortening the test to the 24-h end point, although
with a slight decline in sensitivity. However, the 24-h value
needs to be validated in a group of patients with pseudo-
Cushing’s state to ensure that this is not associated with an
undue loss of specificity.

In addition, we found that the majority of patients with CD
exhibit some degree of cortisol suppression to the adminis-
tration of low doses of dexamethasone, and a particular
step-shaped pattern of response was observed in those pa-
tients who underwent the consecutive low-dose/high-dose
suppression tests. Although originally designed for different
purposes, the LDDST to diagnose endogenous CS and the
HDDST to discriminate between different etiologies, we
were interested in seeing whether the two tests elicit the same
pattern of biological responsivity in ACTH-secreting cells
either in the pituitary or ectopic tumors. If so, the LDDST
could also be used in place of the high-dose test in the
differential diagnosis of ACTH-dependent CS. Indeed, we
showed that more than 30% suppression during the LLDST
almost invariably predicted full suppression (�50%) during

the HDDST. This step-wise response to two doses of dexa-
methasone is further evidence that corticotroph tumors have
shifted their corticosteroid feedback curves to the left. Most
current work suggest that this is not due to inherent changes
in expression or structure of the glucocorticoid receptor, but
the precise molecular pathology remains unclear (43).

High-dose dexamethasone suppression testing has previ-
ously been the mainstay of biochemical differential diagnosis
between the pituitary and ectopic ACTH-dependent syn-
drome (33), although recently its utility has been disputed
(44). This test is based on the observation that in pituitary-
mediated disease, ACTH secretion tends to retain some de-
gree of responsiveness to both hypophysiotropic factors and
glucocorticoid negative feedback, whereas tumors respon-
sible for ectopic production of ACTH tend not to do so.
Although the HDDST has been used extensively, not all
series have produced similar sensitivity and specificity. The
number of patients with EAS in most series is limited, mak-
ing the assessment of the efficacy of the test difficult (6, 17,
44). Attempts to develop increasingly sophisticated cut-off
criteria to maximize specificity have not been uniformly re-
produced and will eventually result in a fall in sensitivity.
This is more evident in series including a considerable num-
ber of patients with EAS, in which the HDDST can be inac-
curate in 20–30% of cases (2, 44). In the present series, the EAS
accounted for 15% of patients with ACTH-dependent CS:
Using the previously validated criteria, we found that 7 of 36
patients with EAS (19%) suppressed to more than 50% base-
line cortisol levels during the HDDST. Reviewing these cri-
teria, we found that more than 60% suppression of baseline
cortisol levels had the highest accuracy in excluding EAS,
with 80% sensitivity and 90% specificity for the diagnosis of
CD. In addition, the present study shows that most of the
diagnostic information provided by the HDDST could be
predicted from the LDDST. Figure 2 shows that good dis-
crimination between patients with pituitary and ectopic tu-
mors can be achieved as early as the 24-h cortisol level of the
of LDDST. In particular, the HDDST adds no further diag-
nostic value when a 30% degree of cortisol suppression is
obtained during the LDDST. Thus, the LDDST appears to be
a highly cost-effective test because it aids not only in the
diagnosis of CS but can provide information on the etiology
of ACTH-dependent CS with an accuracy only slightly in-
ferior to the HDDST.

In view of the fact that the pretest probability of having CD
in the presence of ACTH-dependent CS is significantly high,
it has been claimed that the HDDST with its relatively low
accuracy adds little to the work-up of patients with ACTH-
dependent hypercortisolism (44). It is therefore still neces-
sary to employ other diagnostic tests to improve diagnostic
accuracy further. Although initially the CRH-stimulation test
was hoped to reliably distinguish among the different causes
of CS, combined analysis of all published series has revealed
7–15% false results (positive and negative) even if the best
criteria are applied (33, 45–50). Most errors are false negative
results in patients with CD who have no increase in plasma
ACTH or serum cortisol after CRH administration, plus a
very few false positive results of patients with an ectopic
ACTH tumor who respond to CRH. The finding of this study
show that the combined criteria of a greater than 30% cortisol
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suppression during the LDDST, and/or a greater than 20%
cortisol increase during the CRH test, have a sensitivity of
94% and a specificity of 97% in distinguishing between pa-
tients with CD from those with EAS. Therefore, the combined
criteria present in this study achieved a diagnostic accuracy
only marginally inferior to that reported in the literature for
the BIPSS (1). This may be of substantial importance in the
management of patients with ACTH-dependent CS when
facilities for the performance of the BIPSS are not readily
available. The data presented here suggest that the LDDST
may be used for the initial confirmation of CS, and, in cases
of confirmed hypercortisolism, the combined cortisol re-
sponse to the LDDST and the CRH-test can be used to es-
tablish the source of ACTH, whether eutopic or ectopic, with
a valuable degree of precision. However, it is important to
note that the accuracy of any diagnostic test depends on the
referral population, which in our case is that of a highly
specialist center. It is likely, but requires validation, that this
will also apply to less specialized referral services. Further-
more, there is variability in cortisol assays that, although less
relevant when looking at percentage changes, may be im-
portant when considering absolute levels of cortisol as di-
agnostic criteria.

In brief, we suggest that the formal 2 mg/d, 48-h dexa-
methasone suppression test (LDDST) should be the investi-
gation of choice with cortisol suppression evaluated at 24 and
48 h. The 24-h value is more sensitive in identifying mild
forms of CS that may be missed if relying only on the 48-h
value, but its specificity requires further investigation. A
serum cortisol value derived from the mean of the 24- and
48-h cortisol values of the LDDST provides the highest sen-
sitivity. In addition, in the presence of significant suppres-
sion (�30%) during the LDDST and/or a good response
(�20%) to the CRH test, the diagnosis of CD is highly prob-
able. Because a greater than 30% serum cortisol suppression
to the LDDST invariably predicts cortisol suppression to the
HDDST, our data further suggest that this test is of no ad-
ditional value and can be abandoned. It is still our opinion
that the BIPSS remains one of the most accurate single in-
vestigations in the differential diagnosis of CS, particularly
in cases in which there are discordant biochemical and/or
imaging findings; it is also useful in providing information
on the lateralization of the tumor, especially in childhood
(51). In summary, the differential diagnosis between CD and
EAS can be performed with high accuracy by combining the
results of the formal 2 mg/d 48-h LDDST and the CRH test
for serum cortisol.
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Fisiopatologia Medica, Univerisità “La Sapienza” di Roma, Rome 00161,
Italy.

References

1. Newell-Price J, Trainer P, Besser M, Grossman A 1998 The diagnosis and
differential diagnosis of Cushing’s syndrome and pseudo-Cushing’s states.
Endocr Rev 19:647–672

2. Kaye TB, Crapo L 1990 The Cushing syndrome: an update on diagnostic tests.
Ann Intern Med 112:434–444

3. Orth DN 1991 Differential diagnosis of Cushing’s syndrome. N Engl J Med
325:957–959

4. Orth DN 1994 The Cushing syndrome: quest for the Holy Grail. Ann Intern
Med 121:377–378

5. Orth DN 1995 Cushing’s syndrome. N Engl J Med 332:791–803
6. Findling JW, Raff H 2001 Diagnosis and differential diagnosis of Cushing’s

syndrome. Endocrinol Metab Clin North Am 30:729–747
7. Liddle GW 1960 Tests of pituitary-adrenal suppressibility in the diagnosis of

Cushing’s syndrome. J Clin Endocrinol Metab 20:1539–1561
8. Strott CA, Nugent CA, Tyler FH 1968 Cushing’s syndrome caused by bron-

chial adenomas. Am J Med 44:97–104
9. Mason AM, Ratcliffe JG, Buckle RM, Mason AS 1972 ACTH secretion by

bronchial carcinoid tumours. Clin Endocrinol (Oxf) 1:3–25
10. Crapo L 1979 Cushing’s syndrome: a review of diagnostic tests. Metabolism

28:955–977
11. Lytras N, Grossman A, Perry L, Tomlin S, Wass JA, Coy DH, Schally AV,

Rees LH, Besser GM 1984 Corticotrophin releasing factor: responses in normal
subjects and patients with disorders of the hypothalamus and pituitary. Clin
Endocrinol (Oxf) 20:71–84

12. Bruno OD, Rossi MA, Contreras LN, Gomez RM, Galparsoro G, Cazado E,
Kral M, Leber B, Arias D 1985 Nocturnal high-dose dexamethasone suppres-
sion test in the aetiological diagnosis of Cushing’s syndrome. Acta Endocrinol
(Copenh) 109:158–162

13. Tyrrell JB, Findling JW, Aron DC, Fitzgerald PA, Forsham PH 1986 An
overnight high-dose dexamethasone suppression test for rapid differential
diagnosis of Cushing’s syndrome. Ann Intern Med 104:180–186

14. Nieman LK, Chrousos GP, Oldfield EH, Avgerinos PC, Cutler Jr GB, Loriaux
DL 1986 The ovine corticotropin-releasing hormone stimulation test and the
dexamethasone suppression test in the differential diagnosis of Cushing’s
syndrome. Ann Intern Med 105:862–867

15. Hermus AR, Pieters GF, Pesman GJ, Smals AG, Benraad TJ, Kloppenborg
PW 1986 The corticotropin-releasing-hormone test versus the high-dose dexa-
methasone test in the differential diagnosis of Cushing’s syndrome. Lancet
2:540–544

16. Grossman AB, Howlett TA, Perry L, Coy DH, Savage MO, Lavender P, Rees
LH, Besser GM 1988 CRF in the differential diagnosis of Cushing’s syndrome:
a comparison with the dexamethasone suppression test. Clin Endocrinol (Oxf)
29:167–178

17. Flack MR, Oldfield EH, Cutler GB, Zweig MH, Malley JD, Chrousos GP,
Loriaux DL, Nieman LK 1992 Urine free cortisol in the high-dose dexameth-
asone suppression test for the differential diagnosis of the Cushing syndrome.
Ann Intern Med 116:211–217

18. Nieman LK, Oldfield EH, Wesley R, Chrousos GP, Loriaux DL, Cutler Jr GB
1993 A simplified morning ovine corticotropin-releasing hormone stimulation
test for the differential diagnosis of adrenocorticotropin-dependent Cushing’s
syndrome. J Clin Endocrinol Metab 77:1308–1312

19. Dichek HL, Nieman LK, Oldfield EH, Pass HI, Malley JD, Cutler GB 1994
A comparison of the standard high dose dexamethasone suppression test and
the overnight 8-mg dexamethasone suppression test for the differential diag-
nosis of adrenocorticotropin-dependent Cushing’s syndrome. J Clin Endocri-
nol Metab 78:418–422

20. Muller OA, Stalla GK, von Werder K 1983 Corticotropin releasing factor: a
new tool for the differential diagnosis of Cushing’s syndrome. J Clin Endo-
crinol Metab 57:227–229

21. Nakahara M, Shibasaki T, Shizume K, Kiyosawa Y, Odagiri E, Suda T,
Yamaguchi H, Tsushima T, Demura H, Maeda T 1983 Corticotropin-releasing
factor test in normal subjects and patients with hypothalamic-pituitary-adrenal
disorders. J Clin Endocrinol Metab 57:963–968

22. Pieters GF, Hermus AR, Smals AG, Bartelink AK, Benraad TJ, Kloppenborg
PW 1983 Responsiveness of the hypophyseal-adrenocortical axis to cortico-
tropin-releasing factor in pituitary-dependent Cushing’s disease. J Clin En-
docrinol Metab 57:513–516

23. Chrousos GP, Schulte HM, Oldfield EH, Gold PW, Cutler GB, Loriaux DL
1984 The corticotropin-releasing factor stimulation test. An aid in the evalu-
ation of patients with Cushing’s syndrome. N Engl J Med 310:622–626

24. Orth DN, DeBold CR, DeCherney GS, Jackson RV, Alexander AN, Rivier J,
Rivier C, Spiess J, Vale W 1982 Pituitary microadenomas causing Cushing’s
disease respond to corticotropin-releasing factor. J Clin Endocrinol Metab
55:1017–1019

25. Hermus AR, Pieters GF, Pesman GJ, Smals AG, Benraad TJ, Kloppenborg
PW 1986 Responsivity of adrenocorticotropin to corticotropin-releasing hor-
mone and lack of suppressibility by dexamethasone are related phenomena in
Cushing’s disease. J Clin Endocrinol Metab 62:634–639

26. Newell-Price J, Morris DG, Drake WM, Korbonits M, Monson JP, Besser
GM, Grossman AB 2002 Optimal response criteria for the human CRH test in
the differential diagnosis of ACTH-dependent Cushing’s syndrome. J Clin
Endocrinol Metab 87:1640–1645

27. Corrigan DF, Schaaf M, Whaley RA, Czerwinski CL, Earll JM 1977 Selective
venous sampling to differentiate ectopic ACTH secretion from pituitary Cush-
ing’s syndrome. N Engl J Med 296:861–862

Isidori et al. • Low-Dose Dexamethasone Suppression Test in Cushing’s Syndrome J Clin Endocrinol Metab, November 2003, 88(11):5299–5306 5305

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/11/5299/2656492 by guest on 21 August 2022



28. Miller DL, Doppman JL 1991 Petrosal sinus sampling: technique and ratio-
nale. Radiology 178:37–47

29. Howlett TA, Price J, Hale AC, Doniach I, Rees LH, Wass JA, Besser GM 1985
Pituitary ACTH dependent Cushing’s syndrome due to ectopic production of
a bombesin-like peptide by a medullary carcinoma of the thyroid. Clin En-
docrinol (Oxf) 22:91–101

30. Howlett TA, Drury PL, Perry L, Doniach I, Rees LH, Besser GM 1986 Di-
agnosis and management of ACTH-dependent Cushing’s syndrome: compar-
ison of the features in ectopic and pituitary ACTH production. Clin Endocrinol
(Oxf) 24:699–713

31. Coates PJ, Doniach I, Howlett TA, Rees LH, Besser GM 1986 Immunocyto-
chemical study of 18 tumours causing ectopic Cushing’s syndrome. J Clin
Pathol 39:955–960

32. Newell-Price J, Trainer P, Perry L, Wass J, Grossman A, Besser M 1995 A
single sleeping midnight cortisol has 100% sensitivity for the diagnosis of
Cushing’s syndrome. Clin Endocrinol (Oxf) 43:545–550

33. Newell-Price J, Perry L, Medbak S, Monson J, Savage M, Besser M, Gross-
man A 1997 A combined test using desmopressin and corticotropin-releasing
hormone in the differential diagnosis of Cushing’s syndrome. J Clin Endocrinol
Metab 82:176–181

34. Kaltsas GA, Giannulis MG, Newell-Price JD, Dacie JE, Thakkar C, Afshar
F, Monson JP, Grossman AB, Besser GM, Trainer PJ 1999 A critical analysis
of the value of simultaneous inferior petrosal sinus sampling in Cushing’s
disease and the occult ectopic adrenocorticotropin syndrome. J Clin Endocrinol
Metab 84:487–492

35. Trainer PJ, Besser GM, St. Bartholomew’s H 1995 The Bart’s endocrine pro-
tocols. Edinburgh: Churchill Livingstone

36. Kelly PA, Samandouras G, Grossman AB, Afshar F, Besser GM, Jenkins PJ
2002 Neurosurgical treatment of Nelson’s syndrome. J Clin Endocrinol Metab
87:5465–5469

37. Liddle GW, Estep HL, Kendall Jr JW, Williams Jr WC, Townes AW 1959
Clinical application of a new test of pituitary reserve. J Clin Endocrinol Metab
19:875–894

38. Cronin C, Igoe D, Duffy MJ, Cunningham SK, McKenna TJ 1990 The over-
night dexamethasone test is a worthwhile screening procedure. Clin Endo-
crinol (Oxf) 33:27–33

39. Kennedy L, Atkinson AB, Johnston H, Sheridan B, Hadden DR 1984 Serum
cortisol concentrations during low dose dexamethasone suppression test to
screen for Cushing’s syndrome. Br Med J (Clin Res Ed) 289:1188–1191

40. Papanicolaou DA, Mullen N, Kyrou I, Nieman LK 2002 Nighttime salivary

cortisol: a useful test for the diagnosis of Cushing’s syndrome. J Clin Endo-
crinol Metab 87:4515–4521

41. Meikle AW, Lagerquist LG, Tyler FH 1975 Apparently normal pituitary-
adrenal suppressibility in Cushing’s syndrome: dexamethasone metabolism
and plasma levels. J Lab Clin Med 86:472–478

42. Meikle AW 1982 Dexamethasone suppression tests: usefulness of simulta-
neous measurement of plasma cortisol and dexamethasone. Clin Endocrinol
(Oxf) 16:401–408

43. Dahia PL, Grossman AB 1999 The molecular pathogenesis of corticotroph
tumors. Endocr Rev 20:136–155

44. Aron DC, Raff H, Findling JW 1997 Effectiveness versus efficacy: the limited
value in clinical practice of high dose dexamethasone suppression testing in
the differential diagnosis of adrenocorticotropin-dependent Cushing’s syn-
drome. J Clin Endocrinol Metab 82:1780–1785

45. Colao A, Faggiano A, Pivonello R, Giraldi FP, Cavagnini F, Lombardi G 2001
Inferior petrosal sinus sampling in the differential diagnosis of Cushing’s
syndrome: results of an Italian multicenter study. Eur J Endocrinol 144:499–507

46. Findling JW, Kehoe ME, Shaker JL, Raff H 1991 Routine inferior petrosal
sinus sampling in the differential diagnosis of adrenocorticotropin (ACTH)-
dependent Cushing’s syndrome: early recognition of the occult ectopic ACTH
syndrome. J Clin Endocrinol Metab 73:408–413

47. McCance DR, McIlrath E, McNeill A, Gordon DS, Hadden DR, Kennedy L,
Sheridan B, Atkinson AB 1989 Bilateral inferior petrosal sinus sampling as a
routine procedure in ACTH-dependent Cushing’s syndrome. Clin Endocrinol
(Oxf) 30:157–166

48. Oldfield EH, Doppman JL, Nieman LK, Chrousos GP, Miller DL, Katz DA,
Cutler Jr GB, Loriaux DL 1991 Petrosal sinus sampling with and without
corticotropin-releasing hormone for the differential diagnosis of Cushing’s
syndrome. N Engl J Med 325:897–905

49. Tabarin A, Greselle JF, San Galli F, Leprat F, Caille JM, Latapie JL, Guerin
J, Roger P 1991 Usefulness of the corticotropin-releasing hormone test during
bilateral inferior petrosal sinus sampling for the diagnosis of Cushing’s dis-
ease. J Clin Endocrinol Metab 73:53–59

50. Magiakou MA, Mastorakos G, Oldfield EH, Gomez MT, Doppman JL,
Cutler Jr GB, Nieman LK, Chrousos GP 1994 Cushing’s syndrome in children
and adolescents. Presentation, diagnosis, and therapy. N Engl J Med 331:629–
636

51. Storr HL, Plowman PN, Carroll PV, Francois I, Krassas GE, Afshar F, Besser
GM, Grossman AB, Savage MO 2003 Clinical and endocrine responses to
pituitary radiotherapy in pediatric Cushing’s disease: an effective second-line
treatment. J Clin Endocrinol Metab 88:34–37

5306 J Clin Endocrinol Metab, November 2003, 88(11):5299–5306 Isidori et al. • Low-Dose Dexamethasone Suppression Test in Cushing’s Syndrome

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/11/5299/2656492 by guest on 21 August 2022


