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Abstract

Introduction Diagnosing Cushing’s syndrome (CS) can be
a challenge, especially in ACTH-dependent CS, when it
comes to detecting the origin of ACTH secretion.
Materials and methods Retrospective data were collected
on 170 patients with ACTH-dependent CS (149 CD, 21
EAS) referring to two endocrinology units, focusing on
three non-invasive tests: dexamethasone 8 mg overnight
challenge (HDDST); corticotrophin-releasing hormone
(CRH) assay and the desmopressin (DDAVP) test.
Results Patients with EAS were slightly older and had
higher ACTH, serum and urinary cortisol levels than
patients with CD (p < 0.01). CD patients had a stronger
ACTH and cortisol response after CRH injection
(p < 0.0001), and a more pronounced reduction in cortisol
levels after HDDST (p < 0.0001). A threshold percentage
ACTH increase after CRH stimulation of 72.4 % was able
to identify CD with a sensitivity (SE) of 76 % (95 % CI
68-83) and a specificity (SP) of 100 % (95 % CI 83-100).
As for HDDST, a cortisol suppression >52.7 % below the
basal level suggested a pituitary origin with a SE of 88 %
(95 % CI 81-93) and a SP of 90 % (95 % CI 68-99). There
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were no cases of EAS with positive responses to both these
tests. Increases in ACTH and cortisol levels after the
DDAVP test were also higher in CD than in EAS
(p < 0.01), though the SE and SP were lower.
Conclusions Patients with CD showed a stronger response
to HDDST and CRH, and the adopted cut-offs showed a
good SE and SP in discriminating them from patients with
EAS. Concordant tests indicated CD when positive,
whereas no response to either test was highly suggestive of
EAS. The DDAVP test was of limited utility in the diag-
nostic phase. In conclusion, the choice of tests may play an
important part in the differential diagnosis of ACTH-de-
pendent CS.

Keywords Cushing’s syndrome - Cushing’s disease -
Desmopressin test - CRH test - Dexamethasone test -
Ectopic Cushing’s syndrome - MRI

Introduction

Corticotropin (ACTH)-related causes account for 80-85 %
of cases of Cushing’s syndrome (CS). About 80 % of cases
are pituitary-dependent CS (Cushing’s disease, CD), the
remainder are due to an ectopic source (EAS) [1]. The most
difficult issue is how to identify the origin of ACTH
secretion, which should only be sought once a diagnosis of
hypercortisolism has been established [2]. When seeking
the source of ACTH, the gold standard for diagnostic
purposes is bilateral inferior petrosal sinus sampling
(BIPSS), and its performance is recommended in all
patients who have ACTH-dependent CS with no visible
lesions larger than 6 mm on pituitary MRI [3]. BIPSS
might require hospitalization in some cases, however, and
it is expensive, time-consuming and requires a dedicated
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team. Although the incidence of complications is report-
edly low, the procedure can cause severe damage, such as
sinus thrombosis, hemorrhage and deep vein thrombosis. It
also carries a risk of false positive results [4-6]. Several
other tests have been proposed for the differential diagnosis
of ACTH-dependent forms of CS, but their performance
has been far from satisfactory [7]. The lack of any wholly
reliable diagnostic tests or imaging procedures clearly
capable of revealing an ectopic source of ACTH suggests
the need to adopt a step-by-step approach for its diagnosis
and therapeutic management, bearing in mind that
12-50 % of patients with EAS undergo inappropriate
transsphenoidal surgery (TSS) and the rates are even higher
among those with the occult form [8, 9]. There are tradi-
tionally two tests most often used in clinical practice, i.e.
the high-dose dexamethasone suppression test (HDDST)
and the corticotropin-releasing hormone (CRH) test. The
former has probably been the most widely used because it
is easy to perform, and achieves an adequate sensitivity
(65-100 %) and specificity (60-100 %). The latter was
introduced more recently, but it has been increasingly used
over time, even though there is still no consensus on how to
interpret the results [7]. It was also suggested that com-
bining the two tests could improve the diagnostic power of
each one considered alone, but this assumption was not
always supported by the results achieved [10, 11]. The
desmopressin (DDAVP) test is also used to distinguish CD
from EAS thanks to the expression of vasopressin receptors
in corticotropinomas [12]. This test is widely adopted in
the postoperative period as an early predictor of recurrent
disease, but used for diagnostic purposes it has generated
unsatisfactory results [13]. To the best of our knowledge,
this is the largest series investigating the value of using all
three tests together. Hence the present study, the aim of
which was to assess the performance of three non-invasive
tests performed in a large, consecutive series of patients
with ACTH-dependent CS at two tertiary centers, with a
view to identifying the best cut-off criteria for each test and
assessing the utility of their combined interpretation in the
diagnostic setting.

Materials and methods

We retrospectively recorded data on 170 consecutive
patients (f/m = 133/37, mean age 43.24 4+ 14.51 years)
referred to two tertiary care centers in Italy—the
endocrinology units at the University Hospital in Padova
(100 patients), and the Ospedali Riuniti in Ancona (70
patients). The patients were diagnosed with ACTH-de-
pendent CS (149 CD and 21 EAS) between 2003 and 2013.
A diagnosis of CS was suspected on the grounds of clinical
features and confirmed by at least two tests indicating high

24 h urinary free cortisol (UFC) levels, loss of circadian
rhythm in plasma/salivary cortisol (at 8.00 a.m. and 11.00
p-m.), and lack of cortisol suppression after 1 mg of dex-
amethasone overnight (overnight suppression test; OST,
normal values <50 nmol/L). The diagnosis of ACTH-de-
pendent syndrome was confirmed on the strength of
detectable ACTH levels (>10 ng/L), and an appropriate
response to the HDDST and CRH stimulation tests and the
DDAVP test. Pituitary MRI was performed if a pituitary
origin was suspected. Patients underwent BIPSS when
hormone tests were equivocal. The diagnosis was con-
firmed histologically in all cases of EAS except one, who
had an occult tumor and whose BIPSS findings were con-
sistent with an ectopic ACTH production. For patients with
CD, the pituitary origin of their ACTH secretion was
confirmed by biochemical remission after TSS, histology
and/or temporary hypoadrenalism.

The DDAVP (10 pg iv) and CRH (100 pg iv) tests were
performed in the morning with patients fasting and resting.
Ovine CRH (0CRH) was used for 51 patients (from 2003 to
2007), and human CRH (hCRH) in the other 119 patients.
The test methods have been reported elsewhere [14]. For
the HDDST, a single dose of 8 mg of dexamethasone was
administered at 23.00 h; serum cortisol levels were mea-
sured between 8.00 and 9.00 a.m. on the day before and
after administering the dexamethasone and the levels were
compared. No major side-effects were recorded; most
patients reported only a mild sense of warmth, especially
after the CRH injection, and a few patients experienced
short-lived nausea.

All patients signed to give their informed consent before
being tested. The study was conducted in accordance with
the principles of the Declaration of Helsinki.

Plasma cortisol and UFC levels were assessed by RIA
using commercial kits (Diagnostic Products Corp., Los
Angeles, CA, USA). From December 2011 onwards, UFC
was measured with an Agilent HPLC series 1200, an
Agilent 6430 triple quadrupole mass spectrometer equip-
ped with an Electrospray lonization source, operating in
positive ion mode (Agilent Technologies, Palo Alto, USA).
Plasma ACTH levels were measured by IRMA (Nichols
Institute Diagnostics, San Juan Capistrano, CA, USA). For
patients referred to the endocrinology unit in Ancona, the
following tests were used: serum cortisol and 24-h UFC
were measured with the Access (ECLIA) automated elec-
trochemiluminescent method (Beckman Coulter, Brea, CA,
USA). Plasma ACTH was tested via ECLIA using the
Elecsys ACTH reagent kit (Roche Diagnostics, Indi-
anapolis, IN, USA). Saliva samples were collected in a
commercial polyester-based sampling device, Salivette
(Sarstedt, Numbrecht, Germany). Salivary cortisol levels
were measured with the Access automated chemilumines-
cent method (Beckman Coulter, Brea, CA, USA). UFC
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values were expressed as the ratio between the value
measured and the upper limit of normality.

Statistical analysis

Quantitative data are presented as medians and ranges,
compared between groups with Wilcoxon’s rank sum test
followed by the Dunn test for pairwise comparisons in the
event of a statistically significant result when more than
two groups were involved. Categorical data are summa-
rized as counts and percentages of subjects in each cate-
gory and compared with the Chi square or Fisher’s exact
test. A logistic regression model was employed to identify
an optimal cut-off for delta ACTH when performing the
DDAVP and CRH tests. Sensitivity (SE) and specificity
(SP) were calculated with 95 % confidence intervals (CI)
using the exact method. Estimates of the area under the
curve (AUC) for the DDAVP and CRH tests, separately
and combined, were accompanied by the 95 % CI and
compared with Wilcoxon’s rank sum test. OST was cor-
related with HDDST using McNemar’s test and consider-
ing the cut-off obtained with the ROC analysis. Using said
cut-off, the sensitivity of the HDDST alone, of the HDDST
plus the CRH test, and of the HDDST plus the CRH and the
DDAVP tests in detecting ectopic patients was considered
serially, and estimated with the 95 % CI calculated with
the exact binomial method. Statistical significance was
assumed for a p value <0.05. The data were analyzed with
SAS 9.2 (SAS Institute Inc., Cary, NC, USA) for Windows.

Results
Baseline characteristics and first-line tests

No difference in gender distribution emerged between the
two groups, though the prevalence of female gender was
less evident in the EAS group (the male/female ratio was
1:4 in the CD group versus 1:2 in the EAS group;
p = 0.0845). Patients with CD were 10 years younger at
the time of the disease’s presentation than those with EAS,
although there was a significant overlap between the two
groups (p = 0.007); Table 1. The patients’ BMI was sim-
ilar for the two groups (p = 0.132). The levels of UFC
(166 patients), morning and midnight serum cortisol (157
patients), and cortisol after 1 mg dexamethasone (155
patients) were significantly higher in the patients with EAS
(p = 0.0004 for UFC; and p < 0.0001 for the others).

HDDST

The percentage reduction in serum cortisol after the
HDDST was higher in CD than in EAS patients
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(» < 0.0001). Using the ROC analysis, a cut-off of 52.7 %
for the decrease vis-a-vis baseline cortisol levels was
identified as achieving the best performance in diagnosing
patients with CD, with a SE of 88 % (95 % CI 81-93) and
a SP of 90 % (95 % CI 68-99); the AUC for this test was
0.9307 (95 % CI 0.8877-0.9737). The SP could be
increased to 100 % by changing the cut-off to a 75 %
decrease -with a concomitant drop in the SE, of course, to
76 %; Fig. 1. Overall, cortisol after OST correlated with
the cortisol levels after HDDST (p < 0.0001), but 47/137
patients with levels suppressed to below 30 % of the
baseline values with OST showed a greater than 53 %
reduction after the HDDST. The utility of OST in diag-
nosing the origin of ACTH secretion was significantly
lower than HDDST (p < 0.0001; 95 % CI 0.1383-0.43),
and its addition to CRH test did not give further informa-
tion to HDDST alone (p = 0.1110; 95 % CI —0.0649—
0.00669).

CRH test

No differences emerged between CD and EAS patients in
peak ACTH levels using this test, whereas the absolute and
percentage increases in ACTH were both significantly
higher in cases of CD (p < 0.0001 for both). The same
trend was found for cortisol, with a higher increment in the
CD group (p < 0.0001); only the peak cortisol levels
remained higher in EAS, reflecting these patients’ higher
basal levels.

After the ROC curve analysis, the percentage increase in
ACTH emerged as the best predictor of a pituitary origin
when the increase was >72.4 % above the baseline,
achieving a 76 % SE and 100 % SP; the AUC for this test
was 0.9329 (95 % CI 0.8921-9737); Fig. 2. No differences
were seen between peak ACTH levels and their percentage
increases after the two different types of CRH were
injected (p = 0.1403 and p = 0.0789, respectively),
whereas the absolute increase was slightly higher after
stimulation with oCRH (p = 0.0255). Otherwise the rise in
cortisol after oCRH was significantly higher, and its peak,
absolute and percentage increases were all higher than after
hCRH. Since we only considered the percentage increase in
ACTH, the difference between the two types of CRH did
not matter.

DDAVP test

The DDAVP injection produced a higher ACTH peak and
percentage increase in the CD group than in the EAS group
(p = 0.0178 and 0.0015, respectively), whereas there was
no difference in terms of the absolute increase
(p = 0.8572). The same applied to cortisol, with higher
peak and percentage increases (p < 0.0001, in both cases)
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Table 1 Characte.ristics of the. CD (149) EAS (21) » value

two groups of patients and their

baseline hormone levels Age (years) 42 (13-77) 53 (24-76) 0.0073
BMI (kg/m?) 28.6 (15-78.5) 26.7 (19.5-35) 0.13
UFC (xULN) 2.84 (0.3-179.61) 7.1 (0.24-193) 0.0003
ACTH (ng/L) 44 (7-1147) 102 (22-402) <0.0001
Fh 8 (nmol/L) 604 (265-2539) 1065 (292-3311) <0.0001
F h 23 (nmol/L) 479 (83-2125) 787 (50-3035) <0.0001
OST (nmol/L) 381 (53-1460) 744 (150-2318) <0.0001
ACTH peak after DDAVP test (nmol/L) 120 (24-1144) 128 (21-320) 0.97
ACTH peak after CRH test (nmol/L) 99 (11-1238) (41-2020) 0.02

ULN, upper limit of normality; F, serum cortisol; OST, overnight low-dose dexamethasone suppression
test. Quantitative data are presented as medians and ranges; gender is presented as a count. To get cortisol
levels in pg/dL, divided by 27.59; for plasma ACTH (ng/L to pmol/L), multiply by 0.22
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Fig. 1 ROC curve; optimal cut-off for the HDDST for the purpose of
identifying patients with CD. The figure also shows the AUC, Se and
Sp for the cut-off identified

in the CD patients and a comparable absolute cortisol
increase (p = 0.3444). A pituitary origin was suggested in
the presence of an ACTH percentage >32.3 % above the
baseline value, achieving a SE of 83 % and a SP of 62 %;
the AUC for this test was 0.7138 (95 % CI 0.5945-0.8351),
Fig. 2.

Combinations of tests

When the previously-identified criteria were applied to
patients who underwent both the CRH test and the
HDDST, a pituitary origin was correctly identified in 76 %
of the CD patients in the case of a concordant positive
response. Conversely, both tests were negative in only
5.6 % of the CD patients, but in 89.5 % of the patients with
EAS (Fig. 3).

The tests were also assessed in series, considering the
same previously-found cut-offs, in 142 patients who
underwent all three tests. The HDDST alone showed a
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Fig. 2 ROC curves; optimal cut-off for the percentage increase in
ACTH after the CRH test (continuous line) and after DDAVP test
(dotted line) for the purpose of identifying patients with CD. The
figure also shows the AUCs, SE and SP for the cut-off identified

good SE of 89.5 % (95 % CI 67-99 %) in identifying EAS.
When only the 31 cases with a negative response to the
HDDST (17 EAS and 14 CD) had the CRH test, we
obtained a SE of 100 % (95 % CI 81-100 %) for the
combination of the two tests (HDDST + CRH test) in
diagnosing EAS.

The DDAVP test was assessed in patients with a posi-
tive response to the CRH test and an insufficient suppres-
sion in the HDDST: a positive response to both the CRH
and the DDAVP tests correctly identified CD patients in
5/6 cases. In patients with a negative CRH test result, a
positive HDDST and DDAVP test result indicated a pitu-
itary origin. When the HDDST and the CRH test were
concordant, performing the DDAVP test did not contribute
to the diagnosis: the SE for the HDDST + CRH +
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Fig. 3 Combined response to
the CRH test (ACTH percentage
increase >72.4 %) and the
HDDST (cortisol suppression
>52.7 %) in patients with CD
and EAS

Both tests
positive

142
Patients
(123 CD,19 EAS)

CRH test —
HDDST +

Both tests
negative

CRH test +
HDDST -

DDAVP combination performed in series was only 64.7 %
(95 % CI 38-86 %).

The concomitant presence of an adequate suppression
after the HDDST and a positive response in the CRH test
was able to diagnose CD, correctly identifying 93/123
patients. None of the EAS patients were found positive in
both tests. The DDAVP test showed a good concordance
with the other tests, proving positive in 79 of the 92 cases
of CD.

Imaging

All patients with CD underwent pituitary MRI and ade-
noma was detected in 73.2 % of cases; it was a
microadenoma in the majority (81.7 %) of cases. Thirteen
patients with EAS also underwent pituitary gland MRI, and
an image compatible with pituitary adenoma was found in
5 cases (all microadenomas <6 mm in size).

Macroadenomas were more frequent in males even though
the difference was only close to statistical significance
(p = 0.0666). Macroadenomas displayed basal ACTH levels
and peak after DDAVP injection higher than patients with
microadenomas or with not visible lesion (p = 0.0004).

On the contrary, patients with macroadenomas showed
lower ACTH response to CRH injection. Cortisol response
to both DDAVP and CRH tests did not differ between these
two groups of patients even though patients with
microadenomas had a tendency to present enhanced corti-
sol response to CRH than those with bigger pituitary
lesions. No differences were highlight for cortisol levels
after HDDST between micro and macroadenomas.

BIPSS

This procedure was performed in 32 cases (26 CD and 6
EAS), and was conclusive in 30/32 patients. Among the 2
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inconclusive procedures, one generated a false positive
result due to cyclical hypercortisolism in a patient with a
pulmonary neuroendocrine tumor discovered later on, and
the procedure had been stopped in the other case due to an
anatomical variant coming to light.

Discussion

It has always been difficult to differentiate between CD and
EAS origin due to a considerable overlap between the two
forms in terms of their clinical presentation, but a correct
diagnosis is crucial in order to give patients appropriate
treatment options. In this study, we examined the hormonal
features of patients with CD and EAS, paying special
attention to second-line diagnostic tests. The baseline
characteristics of the two groups differed: EAS patients had
more severe disease with significantly higher levels of
ACTH, morning and midnight serum cortisol and UFC, and
a weaker cortisol suppression overnight after the adminis-
tration of 1 mg of dexamethasone. Although such features
can point in the direction of an appropriate diagnosis, these
first-line tests are not enough to establish the source of
ACTH production, so more specific tools are needed.
BIPSS is recommended in all cases of ACTH-dependent
CS with no pituitary adenoma at least 6 mm in size [3].
Bearing in mind that approximately 30 % of pituitary
MRIs are negative, and that a sizable proportion of patients
have a small microadenoma (<6 mm), this means that a
great many procedures can be avoided (to some degree at
least) if the second-line tests are interpreted properly.
Although plasma ACTH levels >20 ng/L. suggest an
ACTH-dependent condition, this parameter is insufficient
for discriminating between CD and EAS. Although ACTH
and serum cortisol levels tend to be higher in EAS than in
CD, the considerable overlap between the two conditions
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makes it difficult to discriminate between them [8]. That is
why different tests are used to diagnose ACTH-dependent
CS. The rationale behind the most widely used test, the
HDDST, lies in that the corticotroph tumor cells retain
some responsiveness to the negative feedback effects of
glucocorticoids in CD, but not in EAS. Several variants of
this test exist, including the standard usage of 2 mg every
6 h for 2 days, or the administration of 8 mg orally over-
night [1]. The latter is easier to perform and only takes
1 day to complete; previous works found a drop in serum
cortisol of >50 % with respect to the basal level suggestive
of CD, with a sensitivity ranging from 60 to 80 % and a
high specificity, which can be further improved by adopt-
ing a cortisol suppression cut-off of >80 % [15-17]. The
utility of the HDDST has been questioned, however, as it
seems to add little or no information to the OST. In fact,
some authors have reported that a suppression >50 % vis-
a-vis the baseline would predict an adequate suppression in
response to the HDDST [18]. In our series, a suppression
>52.7 % performed well, and raising this cut-off to 75 %
brought the SP of the test up to 100 %, since none of the
EAS patients reached such a suppression level. Unlike
Isidori et al., we did not find a complete agreement between
the results obtained with 1 and 8 mg of dexamethasone: a
number of patients with a next to nothing suppression
(<30 %) after 1 mg responded well to 8 mg, achieving a
reduction of >52.7 % from their baseline cortisol levels.
We are aware of the potential pitfalls of this test, however,
such as in cyclical CS, in which case cortisol levels can
vary widely during the day of the test. Another important
potential confounder may relate to the effects of medica-
tion commonly used in patients with CS, including
antidepressants, antihypertensives, and lipid-lowering
agents: these classes of drugs have the potential to interfere
with the CYP3A4 enzyme system, which regulates dex-
amethasone metabolism, potentially altering test findings
and diagnostic accuracy [2].

The CRH test has been suggested as the best non-in-
vasive tool for diagnosing CD. Pituitary corticotrophs
continue to express CRH receptors, leading to an increase
in ACTH and cortisol after the injection of CRH
[9, 10, 19]. In our patients, the percentage increase in
ACTH represented the most reliable parameter for the
differential diagnosis of ACTH-dependent CS: patients
with EAS tended not to respond to CRH, while those with
CD showed a stronger increase in ACTH and cortisol
(although some patients with a pituitary origin had a neg-
ative response, probably due to high levels of basal corti-
sol) [20]. Consistently with these studies, we found that
this test performed well, but no better than the HDDST in
terms of the AUC, as reported in [16, 21]; the addition of
OST to CRH test did not prove to be more accurate than
HDDST alone. Previous works had shown a similar

response to hCRH and oCRH, although the latter is able to
evoke a stronger and more prolonged response in ACTH
and cortisol levels [20]. In our series, the peak ACTH and
its percentage increase did not differ between patients
stimulated with hCRH and oCRH. As we built the ROC
curves considering the percentage increase in ACTH, the
difference between the two types of CRH could not influ-
ence the outcome of our statistical analyses.

Interestingly patients with macroadenomas tended to
present a lower increase of ACTH after CRH injection
compared to microadenomas; this finding might account
for the false negative responses to CRH test in CD patients
in our series.

Desmopressin is a preferential vasopressin receptor V2
and V3 agonist that causes a significant rise in ACTH and
cortisol levels in most patients with CD, but only occa-
sionally in those with EAS [13, 22]. This response is based
on overexpression of the V3 receptor in human corti-
cotroph adenomas [12], and that is why its use has been
suggested as an alternative to the CRH test in the differ-
ential diagnosis of ACTH-dependent CS [23, 24]. The
DDAVP test has also proved useful in differentiating
between CD and pseudo-Cushing’s [22, 25], as well as in
the postoperative period after neurosurgery to enable the
prompt detection of patients at high risk of recurrent CD
[14, 24, 26-28]. Though promising, its overall sensitivity
and specificity are lower than those of the CRH test [29]—
but combining it with the CRH test seems to achieve a
greater discriminatory power than either of the tests used
alone [25, 30].

In our series, patients with CD showed a greater
response to DDAVP, but the test did not perform as well as
the other two tests. Its utility in differentiating between CD
and EAS proved to be very limited, even though CD
patients had a stronger response in terms of both ACTH
and cortisol, particularly when the results were concordant
[11, 13, 25, 30, 31]. We hypothesized a role for DDAVP in
confirming the pituitary origin of ACTH secretion in
patients with an incomplete suppression in response to the
HDDST and a positive response to the CRH test. We found
the combination of the CRH test and the HDDST very
informative in cases with a positive response, where as
almost 90 % of the EAS patients and only 5 % of those
with CD failed to respond to either the CRH test or the
HDDST. Similar results were reported by other groups
studying smaller samples of patients [21, 32]. These data
suggest that performing the BIPSS could be avoided at
least in patients with concordant results in second-line
tests. In addition, the remission rate seen in previous
studies was comparable in patients who did or did not
undergo BIPSS prior to surgery [33].

MRI represents a fundamental step in the workup for
diagnosing CD, but its low sensitivity and the chances of
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pituitary incidentalomas being detected in cases of EAS
restrict its diagnostic value; in a large Italian multicenter
study, a pituitary adenoma was found in 73.2 % of patients
with CD, but also in 38 % of those with EAS [34]. The
presence of a microadenoma is therefore not enough for
hypercortisolism to be labeled as pituitary-dependent.

BIPSS is the procedure with the best performance in
discriminating CD from EAS, but even this test is not
foolproof, and false negative results are possible. The main
reason for the absence of an ACTH gradient in patients
harboring a pituitary ACTH-secreting tumor are unilateral
or bilateral anatomical variants in the petrosal venous
system, but cyclicity can also give rise to false positive
results. The procedure can also be burdened with severe
complications, albeit rarely in experienced hands [32], and
we need to remember that it is expensive too. In the
presence of a clear-cut response to both the HDDST and
the CRH test, the likelihood of EAS is very low, so the
need to perform BIPSS could be reconsidered even in the
absence of a visible lesion on pituitary MRI. In the case of
discordant test results, on the other hand, BIPSS should be
performed to avoid any misdiagnoses and unnecessary
pituitary surgery, especially in patients with a negative
CRH test result.

The limitations of this study include the different size of
the two samples, a fact that may have weakened our sta-
tistical analysis. On the other hand, this distribution is
typical of real clinical practice because CD is far more
common than EAS. Another limitation concerns the use of
two different types of CRH. Although oCRH could evoke a
stronger and more prolonged response, we found no sig-
nificant differences in the percentage increase in ACTH,
which is the parameter that we used to build the ROC
curves, and this consequently limited the impact of having
used two different types of CRH on the accuracy of this
test. A major concern regarding this report is the presence
of two distinct populations of patients at two different
centers, but potential limitations due to the use of different
hormone assays were minimized by using the ULN for
UFC or considering the percentage variation for the corti-
sol and ACTH measurements. The strengths of the study
include the size of our sample and the number of tests
available for statistical analysis.

In conclusion, our data further stress the role of CRH
and HSDDT in the differential diagnosis of ACTH-de-
pendent CS. They are easy to perform in outpatients, with
virtually no side effects. The criteria for diagnosing CD are
an ACTH increment >72.4 % during the CRH test and a
cortisol suppression >52.7 % after HDDST. Patients with
these features can avoid undergoing BIPSS irrespective of
their MRI findings. Patients with two negative responses
have a very strong chance of having an ectopic tumor,
especially in cases with severe disease and high ACTH and

@ Springer

cortisol levels. DDA VP test may play a support role only in
case of discordant results of the other two tests.
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