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Second-Line Tests in the Diagnosis of
Adrenocorticotropic Hormone-Dependent
Hypercortisolism
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Cushing’s syndrome (CS) is a rare disease caused by chronic and excessive cortisol secretion. When adrenocorticotropin hormone (ACTH) is measurable, autonomous adrenal
cortisol secretion could be reasonably ruled out in a differential diagnosis of CS. ACTH-dependent CS accounts for 80%–85% of cases and involves cortisol production stimulated
by uncontrolled pituitary or ectopic ACTH secretion. Pituitary adenoma is not detected in
up to one-third of cases with pituitary ACTH secretion, whereas cases of CS due to ectopic
ACTH secretion may be associated with either malignant neoplasia (such as small cell lung
carcinoma) or less aggressive neuroendocrine tumors, exhibiting only the typical symptoms and signs of CS. Since the differential diagnosis of ACTH-dependent CS may be a
challenge, many strategies have been proposed. Since none of the available tests show
100% diagnostic accuracy, a step-by-step approach combining several diagnostic tools
and a multidisciplinary evaluation in a referral center is suggested. In this review, we present a clinical case to demonstrate the diagnostic work-up of ACTH-dependent CS. We describe the most commonly used dynamic tests, as well as the applications of conventional
or nuclear imaging and invasive procedures.
Key Words: Cushing’s syndrome, Pituitary adenoma, Ectopic ACTH secretion, Differential
diagnosis

INTRODUCTION
Endogenous Cushing’s syndrome (CS) is caused by excessive
and unregulated cortisol secretion [1, 2]. CS is a rare disease;
however, its signs and symptoms are common among patients
assessed for hypertension, metabolic syndrome, diabetes, mood
disorders, or osteoporosis [3–5]. Adrenocorticotropin hormone
(ACTH)-dependent CS accounts for 80%–85% of all CS cases.
Excessive ACTH secretion is due to a pituitary adenoma (termed
Cushing’s disease, CD) or to paraneoplastic ectopic ACTH secretion (EAS) [6, 7]. Adrenal CS (ACTH-independent, 15%–20%
of cases) is secondary to the autonomous cortisol secretion by a
benign lesion (usually adenoma, as primary micro- or macronodhttps://doi.org/10.3343/alm.2021.41.6.521
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ular adrenal hyperplasia is extremely rare) or a malignant cortisol-secreting carcinoma [8].
After the initial diagnosis of CS, the mainstay of a differential
diagnosis is measurement of the basal unstimulated morning
ACTH level to determine whether or not the CS is ACTH-dependent [1, 9]. However, commercially available ACTH immunoassays may be imprecise for patients with reduced ACTH levels
( < 4.4 pmol/L); in such cases, a dynamic test is indicated to
check for neuroendocrine responsiveness and exclude ACTHindependent CS [6, 8, 10].
As the differential diagnosis of ACTH-dependent CS may be a
challenge, many diagnostic strategies have been proposed; however, none of the currently available tests shows 100% diagnos-
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tic accuracy [3, 6, 7]. In clinical practice, some patients with confirmed CD exhibit equivocal and discordant results to dynamic
tests, and it is not uncommon for some EAS cases to present as
pituitary corticotropinoma. Imaging is not always helpful, because
gadolinium (Ga)-enhanced magnetic resonance imaging (MRI)
can detect pituitary tumors in roughly 60%–70% of patients with
CD, and incidental pituitary lesions have been reported in the
general population, including in a minority of patients with EAS
[11]. Neuroendocrine tumors may be difficult to localize, and
approximately 20% of ACTH-secreting neoplasms remain occult, even when using the most accurate and sophisticated imaging techniques [12].
The need for methods to effectively distinguish between CD
and EAS is based on the clinical observation that ACTH-secreting neuroendocrine tumors can cause CS that is often clinically
and biochemically indistinguishable from CD. Many of these tumors (particularly bronchial carcinoids) remain occult to specific
imaging techniques for many years. Similarly, CD cases with a
negative MRI finding (estimated up to 30%) can also be considered to be “occult.” Notably, the outcome after pituitary surgery
and the subsequent recurrence rate in cases of “occult CD” are
similar to those of cases with a positive MRI finding [13, 14].
In this article, we provide an updated review of the literature
regarding the differential diagnosis of ACTH-dependent CS in the
context of a case report.

CORTICOTROPIN-RELEASING HORMONE
(CRH) TEST
The CRH test is used for the differential diagnosis of ACTH-de-

pendent CS. The rationale is based on the assumption that CD
originates from well-differentiated pituitary corticotroph adenomas, which express CRH receptors and have the cellular constituents necessary to respond to CRH. By contrast, EAS tumors are
derived from non-pituitary tissues and generally do not respond
to CRH. However, some cases of ectopic ACTH-producing tumors can respond to CRH, leading to false-positive results [15].
The CRH test is performed by injecting 1 μg/kg or 100 μg synthetic ovine or human CRH intravenously, and collecting blood
samples for cortisol and ACTH measurements before (−15 minutes and immediately before) and after the injection until 120
minutes (usually at 15, 30, 45, 60, 90, and 120 minutes). However, there is no consensus on the criteria for interpreting the
response to a CRH test. Variability in interpretation depends on
the type of CRH used (human or ovine), biochemical parameters evaluated (cortisol and/or ACTH peak, or percent increase
above baseline), and time points considered [6, 16]. Human
CRH has qualitatively similar properties to ovine CRH and may
provide the same diagnostic accuracy with regard to the ACTH
response, whereas ovine CRH is considered to be superior in
evaluation of the cortisol response [17, 18].
According to Ritzel, et al. [22], applying the commonly used
cut-off value of a 30% rise in cortisol and 50% rise in ACTH, the
CRH test shows 78% sensitivity and 78% specificity for cortisol,
and 83% sensitivity and 89% specificity for ACTH. These data
are similar to those from previous studies considering a similar
cut-off (Table 1) [19–21]. Based on the ROC curve, Ritzel, et al.
[22] identified that an increase in ACTH ≥ 43% at 15 minutes
after CRH injection was the strongest predictor for CD, with 83%
sensitivity and 94% specificity. In our previous case series, the

Table 1. Diagnostic accuracy of the CRH test

Reference

N patients

Cortisol rise
(% above basal)

Sensitivity
(%)

Specificity
(%)

ACTH rise
(% above basal)

Sensitivity
(%)

Specificity
(%)

72.4

76

100
90

Barbot, et al. 2016 [17] (oCRH or
hCRH)

170 (149 CD, 21 EAS)

Reimondo, et al. 2003 [19] (oCRH)

59 (49 CD, 10 EAS)

30

61

70

50

86

Vilar, et al. 2008 [20] (oCRH)

19 (16 CD, 3 EAS)

20
50

81.2
62.5

66.7
66.7

35
50

93.5
81.2

Suda, et al. 2009 [21] (hCRH)

123 (96 CD, 27 EAS)

50

96

73.3

Ritzel, et al. 2015 [22] (hCRH)

96 (78 CD, 18 EAS)

30

78

78

83
83

89
94

Frete, et al. 2020 [23] (hCRH)

194 (167 CD, 27 EAS)

17

90.4

85.2

37

88

81.5

Ceccato, et al. 2020 [24] (hCRH)

101 (86 CD, 15 EAS)

20

85.9

80

31

90.7

80

Newell-Price, et al. 2002 [67] (hCRH)

115 (101 CD, 14 EAS)

14

85

50
43 at 15 min

100
100

100

Abbreviations: ACTH, adrenocorticotropin hormone; oCRH, ovine corticotropin-releasing hormone; hCRH, human corticotropin-releasing hormone; CD,
Cushing’s disease; EAS, ectopic ACTH secretion.
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best predictor of a pituitary origin was an ACTH increase
> 72.4% above the baseline, resulting in 76% sensitivity and
100% specificity [17]. According to a recent study by Frete, et
al. [23], the criteria associated with the best compromise between sensitivity and specificity were a relative cortisol increase
> 17% and ACTH increase > 37%, with 83% sensitivity and
85% specificity. Based on our 10-year experience of using human CRH, we also recently reported that a cortisol increase of
> 20% or an ACTH increase of > 31% resulted in 91%–86%
sensitivity and 80% specificity to diagnose CD, as shown in Table 1 [24].

HIGH-DOSE DEXAMETHASONE SUPPRESSION
TEST (HDDST)
The HDDST can help distinguish CD from EAS because high
doses of glucocorticoids partially suppress ACTH secretion from
most corticotroph adenomas, which retain some responsiveness
to negative feedback, whereas ectopic neuroendocrine tumors
are resistant to feedback inhibition [25]. However, some welldifferentiated neuroendocrine neoplasms (in particular bronchial,
thymic, and pancreatic carcinoids) can be sensitive to the feedback inhibition of ACTH. Plasma and/or urinary cortisol levels
are therefore evaluated before and after dexamethasone administration [6].
The most common schedule for the HDDST is 8 mg overnight:
specifically, the patient takes 8 mg of oral dexamethasone at

11:00 p.m. and the plasma cortisol collection occurs at 8:00
a.m. the next morning. Another version of the HDDST consists
of administration of 2 mg dexamethasone every 6 hours (for a
total of eight doses), and plasma cortisol collection also occurs
at 8:00 a.m. the next morning.
The sensitivity and specificity of the HDDST depend on the
cut-off considered (Table 2). Vilar, et al. [20] found that a decrease in serum cortisol below 50% is suggestive of CD, achieving 71.4% specificity, which could be further improved to 100%
using a cortisol suppression cut-off of 80%. Ritzel, et al. [22]
found the highest positive likelihood ratio with a cut-off value of
71% suppression of basal cortisol. In our case series, a cut-off
value of 52.7% for cortisol suppression showed the best performance in diagnosing CD [17]. Other studies confirmed a high
diagnostic accuracy adopting a serum cortisol threshold of 50%
suppression after the HDDST, as shown in Table 2 [19, 21, 22,
26–28].
Vilar, et al. [20] observed a gain in diagnostic accuracy when
matching the results of different dynamic tests: the combination
of an ACTH response to CRH or desmopressin (deamino D-arginine vasopressin, DDAVP, ≥ 35% above basal) and cortisol
suppression > 50% after the HDDST was found only in patients
with CD, with 63.3% sensitivity and 100% specificity. Similar results were described in our case series, in which none of the
patients with EAS showed a positive result in both the HDDST
and CRH test [17].
The potential pitfalls of the HDDST are cyclical CS, in which

Table 2. Diagnostic accuracy of serum or urinary cortisol after high-dose dexamethasone administration

Reference
Barbot, et al. 2016 [17]

N patients
170 (149 CD, 21 EAS) overnight

Cortisol suppression (%)

Sensitivity (%)

Specificity (%)

52.7

88

90

Reimondo, et al. 2003 [19]

59 (49 CD, 10 EAS) overnight

50

77

60

Vilar, et al. 2008 [20]

46 (39 CD, 7 EAS) overnight

50

79.5

71.4

80

56.4

100

Suda, et al. 2009 [21]

88 (73 CD, 15 EAS) overnight

50

82

80

Ritzel, et al. 2015 [22]

96 (78 CD, 18 EAS) overnight

50

86

71

71

64

93

Liu, et al. 2020 [25]
Aron, et al. 1997 [26]

118 (102 CD, 16 EAS) 2-day

50% (UFC)

73 (58 CD, 15 EAS) (34 overnight*, 39 2-day†)

84

62.5

50

81

66.7

Lin, et al. 2007 [27]

16 CD 2-day

50

69

Aytug, et al. 2012 [28]

77 CD: 8-mg overnight

50

95

80

62

64 CD: 2-day

90 (UFC)

64

*Overnight indicates administration of 8 mg dexamethasone once; 2-day indicates administration of 2 mg of dexamethasone every 6 hours.
Abbreviations: CD, Cushing’s disease; EAS, ectopic adrenocorticotropin hormone secretion; UFC, urinary free cortisol.
†
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cortisol levels can vary during the day of the test, or the variable
absorption and metabolism of dexamethasone. Some medications, including antidepressants, antihypertensives, and lipidlowering agents, can interfere with the CYP3A4 enzyme system,
which regulates dexamethasone metabolism, thereby affecting
the plasma dexamethasone level [1, 29]. Serum dexamethasone
measurement may provide further insights; however, thresholds
are not available for the HDDST [30].

BILATERAL INFERIOR PETROSAL SINUS
SAMPLING (BIPSS)
BIPSS is a minimally invasive procedure that should be considered in patients with ACTH-dependent CS whose biochemical
or radiological tests are discordant or non-conclusive [6, 31].
The aim of BIPSS is to compare the level of ACTH in the inferior petrosal sinuses (IPSs), which receive the blood directly from
the pituitary gland, which is then transported to the peripheral
vessels [32]. Blood samples for ACTH measurement are obtained
simultaneously from the IPS and peripheral vein at baseline, and
at 3, 5, and 10 minutes after CRH administration. The basal
ACTH gradient between the central and peripheral samples is
not always diagnostic because of intermittent ACTH secretion;
therefore, stimulation of ACTH secretion with CRH improves the
diagnostic sensitivity of this test. A central to peripheral (IPS:P)
ACTH ratio > 2 in the basal state and/or > 3 after CRH administration is consistent with CD diagnosis [6].

BIPSS sensitivity at baseline ranges from 85% to 96.4% and
that after CRH stimulation ranges from 88% to 97% in various
studies, with high specificity [20, 27, 32–38]. The rate of false
negatives depends on cases of corticotroph adenomas with poor
responsiveness to CRH, cyclic CS, or anomalous venous drainage [6, 39].
A gradient > 1.4 between the two sides of the pituitary has
been used as a predictor of tumor localization; however, the usefulness of BIPSS for localizing the pituitary adenoma is limited,
with an accuracy between 48% and 70% (Table 3) [16, 27, 32,
34, 40].
Notably, BIPSS can potentially lead to adverse events due to
its invasive nature. The most common minor complication is
hematoma at the point of vascular access; however, serious adverse effects, including deep venous thrombosis, pulmonary
embolism, and brain injury, are rare [6, 41].
DDAVP administration is an interesting alternative to CRH
during BIPSS. Although the procedure is the same, DDAVP is
less expensive and is characterized by a diagnostic accuracy
comparable to that reported for CRH in some studies [40, 42,
43]. Recently, Chen, et al. [44] reported 87.2% baseline sensitivity, which increased to 96.5% after stimulation with DDAVP,
with 100% specificity. The optimal cut-off value of IPS:P was 1.4
before stimulation and 2.8 after stimulation with DDAVP. This
cut-off showed 94.7% baseline sensitivity, 97.8% sensitivity after stimulation, and 100% specificity. Nonetheless, DDAVP is a
hemostatic agent, and patients with CS are at an increased risk

Table 3. Diagnostic accuracy of BIPSS with CRH stimulation unless specified

Successful BIPSS
(N patients)

Reference
Vilar, et al. 2008 [20]

13 (10 CD, 3 EAS) (4 CRH, 9 DDAVP)

Lin, et al. 2007 [27]
Colao, et al. 2001 [32]
Deipolyi, et al. 2017 [33]
Bonelli, et al. 2000 [34]

18 CD
84 (74 CD, 10 EAS)
248 (182 CD, 17 EAS) (CRH or DDAVP)
63 (54 CD, 9 EAS)

Wind, et al. 2013 [35]
Pereira, et al. 2019 [36]
Swearingen, et al. 2004 [37]
Shi, et al. 2011 [38]
Chen, et al. 2020 [44]

501 CD

Basal IPS:P ratio ≥ 2

CRH or desmopressin IPS:P ratio ≥ 3

Sensitivity (%)

Specificity (%)

Sensitivity (%)

Specificity (%)

90

100

90

100

89
85

94
90

89–94 (248 patients)
92.2

88 (78 patients)

100

96 (222 patients)
100

92.2

93

90

97

30 (28 CD, 2 EAS)

96.4

100

96.4

100

145 (117 CD, 8 EAS)

85

67

90 (95 BIPSS)

67

69 (64 CD, 5 EAS)

89.1

100

87.2

100

96.5

100

250 (226 CD, 24 EAS) (DDAVP)

Grant, et al. 2012 [68]

83 (72 CD, 10 EAS)

92

91

Sheth, et al. 2012 [69]

237 (205 CD, 10 EAS)

94

50

Abbreviations: BIPSS, bilateral inferior petrosal sinus sampling; CD, Cushing’s disease; EAS, ectopic adrenocorticotropin hormone secretion; IPS:P ratio, inferior petrosal sinus to peripheral ratio; CRH, corticotropin-releasing hormone; DDAVP, desmopressin.
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for thromboembolic events; therefore, its use during BIPSS requires extreme caution [45, 46].

DDAVP TEST
Other tests have been proposed to detect the origin of corticotropin in ACTH-dependent CS. DDAVP is a synthetic analog of
the endogenous neuropeptide arginine-vasopressin (AVP), which
binds to vasopressin receptors (VRs) with high affinity and stimulates ACTH secretion in most CD patients because of the upregulation of VR type 3 expression or aberrant expression of VR
type 2 in pituitary ACTH-secreting adenomas [47, 48].
The DDAVP test is performed by the intravenous administration of 10 μg of DDAVP, followed by blood sampling for plasma
cortisol and ACTH measurement at −15, 0, 15, 30, 45, 60, 90,
and 120 minutes (as used for CRH administration). A > 50%
increment of ACTH and > 20% increment of cortisol above baseline levels are considered to provide a positive result [47]. However, the role of DDAVP in the differential diagnosis between CD
and EAS remains uncertain, as summarized in Table 4. Several
types of ectopic ACTH-secreting tumors respond to DDAVP, thereby
limiting the utility of this test in distinguishing the source of excess ACTH [6].
Vilar, et al. [20] found no difference in the sensitivity and specificity of both ACTH and cortisol criteria after the administration
of CRH or DDAVP. By contrast, other studies indicated that the
DDAVP test has lower specificity (40%–81%) than the HDDST
and CRH test [17, 21, 23, 49, 50].
However, the DDAVP test might be useful in the post-opera-

tive assessment of CD. If the response to DDAVP in a CD patient
is ascertained and positive before pituitary surgery, its maintenance or disappearance after surgery may be related to the persistence or complete removal of adenomatous corticotrophs, respectively. Therefore, this test can be useful as an early marker
of recurrence during follow-up [51, 52].

CORTISOL TO CORTISONE RATIO
In 1996, impaired peripheral cortisol metabolism was first described as a characteristic of patients with EAS. An increased
urinary free cortisol:cortisone ratio (FEr) suggests substrate saturation of renal 11β-hydroxysteroid dehydrogenase (11β-HSD)
type 2, explaining the mineralocorticoid effect of cortisol, similar
to that observed in the case of apparent mineralocorticoid excess, which is a rare autosomal recessive monogenic form of
hypertension [23, 54]. Cortisol is the biologically active form of
glucocorticoid, which is mainly regulated by 11β-HSD isoenzymes
and the glucocorticoid receptor. The kidneys receive 20%–25%
of the cardiac output, and plasma free cortisol levels are 100fold higher than those of aldosterone, providing a large amount
of cortisol in the main mineralocorticoid-sensitive organs. Moreover, cortisol has higher affinity than aldosterone for mineralocorticoid receptor [55]. 11β-HSD1 is a bidirectional enzyme with
both reductase and dehydrogenase activity; the former is predominant in the liver, lung, brain, adipose tissue, bone, and muscle. 11β-HSD2 is a dehydrogenase that inactivates cortisol to
cortisone, which is predominantly expressed in mineralocorticoid-sensitive organs such as the kidneys (distal nephron) and

Table 4. Diagnostic accuracy of the desmopressin test

Reference
Barbot, et al. 2016 [17]

N patients

Cortisol rise
(% above basal)

Sensitivity
(%)

Specificity
(%)

170 (149 CD, 21 EAS)

Vilar, et al. 2008 [20]

25 (21 CD, 4 EAS)

Suda, et al. 2009 [21]

31 (22 CD, 9 EAS)

Frete, et al. 2020 [23]

194 (167 CD, 27 EAS)

Terzolo, et al. 2001 [49]

24 (19 CD, 5 EAS)

Tsagarakis, et al. 2002 [50]

31 (26 CD, 5 EAS)

Sakai, et al. 1997 [70]

13 (10 CD, 3 EAS)

Newell-Price, et al. 1997 [71]
Colombo, et al. 1997 [72]

ACTH rise
(% above basal)

Sensitivity
(%)

Specificity
(%)

32

83

62
75

20

76.2

75

35

85.7

50

47.6

75

50

76.2

100

50

86

55.6

33

85.5

77.8

35

89

40

50

84

40

18

89.8

70.4

20

73 (19/26 CD)

40 (3/5 EAS)

23 (17 CD, 5 EAS)

20

82 (14/17 CD)

80 (1/5 EAS)

18 (17 CD, 1 EAS)

20

82 (14/17 CD)

50
150

100 (0/1)

81 (21/26 CD)

40 (3/5 EAS)

100 (10/10 CD) 100 (0/3 EAS)

35

71 (12/17 CD)

40 (3/5 EAS)

50

82 (14/17 CD) 100 (0/1 EAS)

Abbreviations: CD, Cushing’s disease; EAS, ectopic adrenocorticotropin hormone secretion.
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salivary glands [54]. Therefore, 11β-HSD2 enables aldosterone
to activate mineralocorticoid receptor, in turn inactivating cortisol
to cortisone. Chromatography and mass spectrometry-based
methods are increasingly being used in routine clinical chemistry, enabling improved diagnosis of cortisol excess and the measurement of cortisone [56, 57]. In 2017, in a large series of patients with ACTH-dependent CS (83 with CD and 24 with EAS),
we reported that the diagnostic accuracy of FEr > 1.15 was similar to that of the CRH test or HDDST, especially in patients with
discordant test results [58]. Further and larger studies, including prospective ones, are needed to assess the exact role of FEr
in the diagnostic flow chart of ACTH-dependent CS.

CONVENTIONAL AND NUCLEAR IMAGING IN
ACTH-DEPENDENT CS
Despite its high specificity (up to 96% in a recent large series),
pituitary MRI cannot be completely relied upon to differentiate
the origin of ACTH hypersecretion (a pituitary or ectopic origin)
[59]. Although evidence of a > 6-mm pituitary adenoma in the
diagnostic work-up for ACTH-dependent hypercortisolism is highly
suggestive of a pituitary source of ACTH secretion, this is not the
case for small lesions that might be incidentalomas (in 5 out of
26 patients with EAS), and might represent a false-positive MRI
finding in the context of an occult EAS with discordant dynamic
test results [59].
Accurate interpretation of conventional imaging (abdominal
and chest computed tomography [CT], pituitary MRI) could be
useful to reduce the numbers of BIPSS in patients with discordant results between second-line screening tests for ACTH-dependent CS (i.e., CRH and DDAVP tests). In a large French cohort of 194 patients with ACTH-dependent CS, BIPSS could be
avoided in 50% of cases by combining positive and concordant
responses to dynamic tests (CRH and desmopressin) with imaging findings [23].
Localization of the EAS source is crucial because early localization and treatment can avoid unnecessary adrenalectomy
and reduce the risk of progression through metastatic disease.
Once EAS is suspected (notably not confirmed, because imaging is independent of cortisol levels), high-resolution conventional imaging is the preferred technique, as it is the best approach to localize the source of ectopic ACTH secretion (98%
sensitivity for CT and 93% for MRI in EAS) [12].
By definition, an occult EAS is not detected during the initial
management of hypercortisolism. Isidori, et al. [12] reported
that in 30% of cases, the ACTH source was detected during fol-
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low-up. Nuclear medicine improves the sensitivity of conventional radiology when tumor site identification is a challenge: in
patients with negative CT and MRI findings, a positive finding of
octreoscan was described in 67% of cases (50 patients), and
60% (32 patients) were 18fluorodeoxyglucose positron emission
tomography (PET)-positive; thus, almost 75% of cases with initial occult EAS (as determined using conventional imaging) were
successfully diagnosed using nuclear imaging [12].
PET/CT using 68Ga-conjugated somatostatin receptor-targeting
peptide (68Ga-SSTR-PET/CT) shows high sensitivity. In 2016,
Goroshi, et al. [60] compared the diagnostic accuracy of conventional (contrast-enhanced CT) and nuclear (68Ga-SSTR-PET/
CT) imaging in a small series of 12 patients. CT detected 90%
of neuroendocrine tumors in overt EAS, whereas 68Ga-SSTRPET/CT identified 70% of cases, without false-positive imaging
results, demonstrating its utility to increase the specificity of the
suggestive CT-positive lesions. In this series, the only EAS not
detected with conventional imaging remained occult after 68GaSSTR-PET/CT. In a recent multicenter study, Wannachalee, et
al. [61] reported that 68Ga-SSTR-PET/CT is sensitive to detecting
primary and metastatic neoplasms in EAS (28 cases), and to
identify occult tumors, achieving a significant clinical impact in
diagnostic and therapeutic management for 65% of patients.
However, we recently reported that 68Ga-SSTR-PET/CT presents
a considerable number of indeterminate/false-positive images,
thus requiring careful interpretation [62].

CASE PRESENTATION
A 27-year-old male was referred to the Endocrine Unit of the
University-Hospital of Padova, Padova, Italy, in 2017 after developing truncal obesity, facial rounding, and plethora in the previous four to six months. There were no medical events or endocrine diseases in his own or familial medical history. Informed
consent was obtained from the patient for publication of this case.
Physical examination revealed a plethoric moon-shaped face
and central obesity, without purple striae or a buffalo hump. The
blood pressure was 150/90 mm Hg, and the patient’s height,
body weight, and waist circumference were 187 cm, 90 kg, and
104 cm, respectively (body mass index 25.74 kg/m2).
The results of routine laboratory tests including liver and kidney function tests were normal. The fasting plasma glucose level
of 6.5 mmol/L [reference interval (RI): 3.7–5.6 mmol/L] and glycosylated hemoglobin level of 44 mmol/mol (RI: 20–42 mmol/
mol) were consistent with new-onset impaired fasting glucose. A
sodium level of 146 mmol/L (RI: 136–145 mmol/L) and potashttps://doi.org/10.3343/alm.2021.41.6.521
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sium level of 3.5 mmol/L (RI: 3.4–4.5 mmol/L) suggested increased mineralocorticoid activity.
After exclusion of exogenous steroids, first-line screening tests
for suspected endogenous hypercortisolism were performed.
The 24 hours urinary free cortisol excretion level was elevated
(6.465–5.375 nmol/24 hours; RI: 16–168 nmol/24 hours), the
salivary cortisol rhythm was impaired (late-night salivary cortisol
level of 55–46 nmol/L; RI: 0.5–2.6 nmol/L), and serum cortisol
level was not suppressed after administration of 1 mg dexamethasone (cortisol 444 nmol/L). These results confirmed a diagnosis of endogenous CS. ACTH levels were increased (14.1 pmol/
L; RI: 2.2–11 pmol/L), indicating ACTH-dependent CS.
Over the next few weeks, hypokalemia was observed along

A

B

Desmopressin

CRH

60

with increased blood pressure levels. Therefore, we initiated medical therapy with potassium canrenoate and metyrapone, which
achieved rapid control of blood pressure and potassium levels.
To identify the source of ACTH secretion, the patient underwent all second-line dynamic tests for ACTH-dependent hypercortisolism.
After the human CRH test (100 μg), there was a significant
increase in both ACTH level (15.2 to 50.6 pmol/L, +233.3%)
and cortisol level (763 to 1.631 nmol/L, +113.8%). There was
also a significant increase in both ACTH level (16.8 to 27.7 pg/
mL, +64.7%) and cortisol level (778 to 1,032 nmol/L, +32%)
during the DDAVP test. These results suggested pituitary ACTH
secretion (Fig. 1). However, no cortisol suppression was found
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Fig. 1. Dynamic tests and radiological features of the case presented in the text. (A) ACTH and (B) cortisol response to the CRH test (black)
and desmopressin test (gray). (C–E) Magnetic resonance images showing the hypo-intense anterior-median pituitary adenoma (white arrows) in the coronal (C1) and sagittal (C2) planes; enhanced image during bilateral inferior petrosal sinus sampling (D); and the pancreatic
tail (E1) and head (E2) nodules in the axial plane (white arrows).
Abbreviations: ACTH, adrenocorticotropin hormone; CRH, corticotropin-releasing hormone.
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after the HDDST (8 mg overnight, cortisol level 778 to 690 nmol/L,
−11.3%).
Pituitary MRI revealed a 4-mm pituitary microadenoma; however, the clinical features, in particular the rapid onset of severe
hypertension and hypokalemia, combined with reduced cortisol
suppression after the HDDST, suggested EAS. Therefore, the
patient underwent chest CT and abdominal enhanced MRI, which
showed multiple pancreatic nodules; their neuroendocrine origin was suggested by the uptake of 68-Ga-DOTATOC PET/CT,
confirming the presence of somatostatin receptors.
Considering the discordant responses to second-line dynamic
tests and evidence of both pituitary and pancreatic lesions, we
decided to perform BIPSS to facilitate the differential diagnosis
between CD and EAS. The central IPS to peripheral (P) ACTH
ratio (IPS:P = 25) after CRH administration confirmed the pituitary origin of ACTH secretion.
Based on the clinical presentation (pituitary adenoma and pancreatic nodules in a young patient), we performed Sanger sequencing for multiple endocrine neoplasia type 1 (MEN1 ), which
confirmed a pathogenic variant in the menin gene (base pair in-

sertions c.188_189TT cDNA692_693_inTT Q64Sfs56, loss of
frameshift).
The patient underwent pituitary surgery, and histological examination confirmed a pituitary adenoma with positive ACTH
staining. After surgery, low levels of morning serum cortisol confirmed the remission of CD, requiring replacement therapy. On
physical examination, we observed reduction in body weight and
facial plethora; moreover, the patient’s blood pressure normalized without antihypertensive treatment.
A few months after the pituitary surgery, the patient underwent
abdominal surgery (duodeno-cephalo-pancreatectomy and distal
pancreatectomy). The histology report revealed well-differentiated
neuroendocrine tumors and focal nesidioblastosis; immunohistochemistry showed positive staining for chromogranin, synaptophysin, and glucagon, and negative staining for ACTH, serotonin, somatostatin, gastrin, insulin, and pancreatic polypeptide.
At the last follow-up visit (38 months since diagnosis), clinical
and biochemical parameters confirmed remission of CD, and
abdominal imaging markers of neuroendocrine neoplasia were
also negative.

Suspected CS
Screening tests
1 mg DST
2x UFC
2x LNSC
Confirmed CS

Basal ACTH

< 10 pg/mL
ACTH-independent

10–20 pg/mL
No

Dynamic test (hCRH)

Adrenal imaging
ACTH response

> 20 pg/mL
Yes

Life-threatening condition, severe CS

ACTH-dependent

If both with negative response

hCRH test
HDDST

Chest/abdominal
imaging
No

Concordant
for CD
Yes
Pituitary MR

No

BIPSS

Ratio > 3
after CRH

Yes

Fig. 2. Proposed flow chart for the diagnosis of CS. In selected cases, BIPSS could be avoided if MRI shows a pituitary adenoma ≥ 6 mm.
Abbreviations: CS, Cushing’s syndrome; DST, dexamethasone suppression test; UFC, urinary free cortisol; LNSC, late-night salivary cortisol; hCRH, human
corticotropin-releasing hormone; ACTH, adrenocorticotropin hormone; HDDST, high-dose dexamethasone suppression test; CD, Cushing’s disease; MR,
magnetic resonance; BIPSS, bilateral inferior petrosal sinus sampling.
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CONCLUSIONS AND FUTURE PERSPECTIVE
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