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Endogenous Hypercortisolism  
(Cushing from A to Z)  
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Localising the source of Cushing’s 
syndrome 

• The diagnosis of Cushing's syndrome and its cause lie entirely 

in the domain of the endocrine laboratory.  

•  Imaging procedures provide no information about function and 

are useful only for tumor localization 



ACTH-dependent Cushing’s syndrome 

Cushing’s disease 

•  Pituitary adenoma 
•  Micro- 
•  Macro- 

•  Ectopic corticotroph adenomas  

•  Adenomas in the neurohypophysis  

•  Double adenomas  

Ectopic ACTH syndrome (EAS) 

? 

It is essential to  
•  Distinguish Cushing’s disease from the uncommon EAS  
•  In EAS to make every effort to localize the source of ectopic ACTH 

Successful Treatment 

CRH test 
HDST 

IPSS 
MRI? 



Usefulness of Pituitary MRI in the 
diagnosis of Cushing’s disease 

•  Unenhanced & gadolinium-enhanced high resolution MRI 

•  Dynamic MRI or spoiled gradient improves sensitivity but lowers 
specificity 

•  Still, it detects about 50% of corticotroph tumors 

•  PPV 86% -false positive rate c.12-18% 

Cushing’s disease patients 

General population 
MRI scans from volunteers 
randomly mixed with scans of 57 patients with Cushing’s disease and 
interpreted independently by three blinded reviewers. 

•  10% had focal areas 3 to 6 mm of decreased signal 
intensity in the after administration of Gd-DTPA.  

Hall et al., 1994 



Pituitary MRI in ACTH-dependent 
Cushing’s Syndrome 

!  The absence of a pituitary adenoma on MRI does not exclude Cushing’s disease 

!  The presence of a pituitary microadenoma on MRI does not confirm Cushing’s 
disease 

EAS patient (SCLC) 

Tsagarakis et al, JCEM, 2007 



When to perform pituitary MRI 

• When hormonal workup is 
compatible with Cushing’s disease 

•  Pituitary imaging is not necessary in 
patients in whom endocrine testing 
suggests ectopic ACTH secretion. 

• Before trans-sphenoidal exploration 
to document the anatomy of the sella 
turcica. 



•  High diagnostic accuracy  
(Sensitivity & Specificity: 95-99%) 

•  Invasive and technically 
demanding 

Bilateral Inferior Petrosal Sinus Sampling 

False negative: 

 

•  Incorrect catheter placement 

•  Hypoplastic petrosal sinus 

•  Unresponsiveness to CRH 

80 

20 

15 

5 
2 

0 

3 

10 

40 

60 

Cushing’s disease 

baseline after CRH 

ACTH gradient (centre:periphery) 

ectopic ACTH 

Invitti et al., 1999 



  

Patients with equivocal 
results to biochemical 
tests (CRH/HDST) 

98% sensitivity 
100% specificity 
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BIPSS- Lateralization 

Wind et al., JCEM 2013 

IPS:P ACTH gradient of at least 1.4 between the inferior petrosal sinuses 

491 patients  
Interpetrosal ratios >=1.4 PPV 69% 
•  Left-sided IPSS lateralization  
•  Consistent lateralization before and after CRH  

Preop MRI (when positive) PPV 86%  

Pituitary exploration by an experienced neurosurgeon 



Ectopic ACTH SYNDROME (EAS) 

•  It is the underlying cause in 10–20% of patients presenting with 

ACTH-dependent Cushing’s syndrome  

• ACTH can be produced inappropriately (ectopically) by a variety 

of extrapituitary tumors.  

• Optimal treatment depends on localization and removal of the 

ACTH- secreting tumour  



Tumor Types Associated with EAS 
Tumor origin  

Lung 48-66 
Bronchial carcinoids 21-46 
Small cell carcinoma 20-27 

Pancreatic islet cells  16 
Thymus 10 
Medullary thyroid carcinoma 5 
Adrenal  6 
Pheochromocytoma  5 
Neuroblastoma  0.8 
Ovarian uterine cervix carcinomas  2 
Prostate cancer  1 
Other sporadic cases  7 

Ectopic Cushing’s Syndrome  
D. Vassiliadi, S. Tsagarakis, N. Thalassinos  

Isidori & Lenzi  Arq Bras Endocrinol Metab 2007  



Overt And Occult Ectopic ACTH 
Syndrome 
The term ‘occult’ EAS was introduced for cases with unequivocal non-
pituitary CS in which the source of ectopic ACTH secretion was not obvious  
Advances in endocrine testing, anatomical and functional imaging changed the clinical 
spectrum of patients investigated for EAS.  

easily detected by the initial investigations 

discovered on subsequent follow-up 

not identified even after prolonged and repeated 
follow-up  

Isidori et al., JCEM 2015 
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Localization studies for EAS 

•  To what extent ? •  When to shift from adrenolytic drugs to adrenalectomy ? 

Thin-cut multi-slice CT (chest*- abdomen-pelvis) 
+/- MRI (chest-abdomen)- (35% of cases with neg CT) 

False positive rate c.4-35% 

Overt EAS 
50-55% 

Repeat 
•  CT/MRI 
Additional 
•  Radionuclide investigation 
•  PET-CT 
•  Invasive diagnostic procedures  

(catheterization, surgical exploration) Covert EAS 

Occult EAS 

25-30% 

12-18% 
Every effort should be made to localize the source of oEAS, even if this requires several years 

*cost-effective to obtain images of the chest first 



Radiolabeled somatostatin analog  
(111In-pentetreotide) scintigraphy (OCT) 

o  The majority of EAS tumors are of 
neuroendocrine origin and therefore 
may express somatostatin receptor 
subtypes. 

o  Scintigraphy  
o  provides whole body information 
o  reveals both anatomy and function 

The American Journal of Medicine, 1994 



EAS- usefulness of octreoscan 

The diagnostic yield of SRS was inferior to 
conventional imaging and no patient with an initial 
negative scan became positive during follow-up.  

OCT identified the tumor in all six patients with bronchial 
carcinoids  
either initially or during follow-up evaluation (8-27mo) 
In 2 pts it preceded conventional imaging 

JCEM, 1999 

JCEM, 2003 

Conventional Imaging:  
false positive in the tail of the 
pancreas 



EAS- usefulness of octreoscan 

Useful method in localizing small bronchial carcinoids  
It may become positive even years after initial presentation 

The sensitivity ranges from 30-60% 

Low false positive rate (radiation fibrosis, inflammation, follicular thyroid adenoma, accessory spleen) 

The ability of OCT to identify the tumors depends on  
•  The dose of the radiopharmaceutical 

•  High-dose OCT (HOCT- 18mCi) may be superior  
•  The type/degree of somatostatin receptor expression 
•  The degree of hypercortisolism (higher- lower uptake)  
•  Tumor size  

Zemskova et al., JCEM 2010  

Positive HOCT in  
3/9 negative LOCT 



FDG- PET 
FDG-PET may highlight tumors with high metabolic activity,  
but shows a low sensitivity (35%) to identify NETs causing EAS that may be 
metabolically less active 

Pacak et al., JCEM 2004 

Pheochromocytoma 

Neuroendocrine tumor  

FDG-PET remains a complementary 
imaging tool, for use only when other 
imaging techniques fail to characterize the 
ACTH-secreting tumour.  



Newer functioning imaging modalities 

APUD-derived NETs take up, accumulate, and 
decarboxylate amine precursors 

Ducry et al., 2015 

FDG-PET OCT 

F-DOPA-PET 68Gallium-DOTA-TATE-PET 

SSTR scintigraphy but with higher spatial resolution  

F-DOPA-PET 

DOPA-TATE-PET 

FDG-PET 



Comparison of the various modalities- 
prospective evaluation at one clinical 
research center  

JCEM, 2015 

Initial imaging of patients with 
presumed EAS include thoracic 
CT and MRI followed by LOCT.  



Comparison of the various 
modalities- systematic review 

JCEM, 2015 

231 pts, at least one conventional and one nuclear medicine investigation  

9 cases 

1/23 
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Whole body catheterization studies 

Selective venous sampling from suspected sources of 
ectopic ACTH secretion is  
•  technically difficult  
•  of limited overall value 

Venous sampling is not necessary for the 
evaluation of EAS except for IPSS.  

1989 

1992 



EAS- integrated approach 

•  No single imaging technique has optimal 
accuracy 

•  Increased sensitivity bears the risk of 
false-positive findings 

•  Obtain two different types of imaging on 
the premise that false- positive lesions 
would not be concordant in both. 

•  Perhaps more useful is the combination of 
anatomic and functional imaging. 

Isidori et al., JCEM 2015 

Total Body CT 
(Chest-abdomen-pelvis) 

Consider Treatment Re-evaluation 
(incl PET-scan) 

Treatment 

Octreoscan MRI 

FDG-PET Gallium-PET 



Adrenal Cushing’s syndrome 

ACTH<10 pg/ml 

Adrenal CT scan 

Adrenocortical cancer 
38HU 



Bilateral adrenal masses 

Bilateral adenomas Macronodular hyperplasia Micronodular hyperplasia 

Uncommon finding <2% in overt adrenal Cushing’s syndrome 
Much more common in the context of adrenal incidentalomas with Autonomous Cortisol Secretion 

Carney Complex 50% ARMC5 

Deciphering whether cortisol hypersecretion is bilateral or unilateral is crucial for proper management 
Bilateral adrenalectomy poses the patient at life-long risk of adrenal insufficiency 



Adrenal Scintigraphy 

Uptake correlates with size 
R 

R 

Debillon et al., JCEM 2015 

The adrenal with the maximum uptake 
of 131-norcholesterol was always the 
larger on CT scan  



Adrenal venus sampling 

Young et al., 2008 
In all cases with lateralization the adrenal with the cortisol hypersecretion 
was the larger on CT scan  



Size matters 

27 patients (14 patients with BMAH and  
13 patients with PPNAD) 
Unilateral adrenalectomy  
(largest gland or in case of normal-sized or 
minimally enlarged or symmetrically 
hyperplastic adrenals 131-norcholesterol/ 
right adrenal) 
achieved long-term remission of CS and 
improved glycemic control and BP 
values  
 



Summary 

• Diagnosing and localizing the cause of Cushing’s syndrome is a 
continuous challenge 

• Modern techniques increased our ability to confidently localize 
the source of ACTH secretion in many cases but there are still 
ongoing challenges  

•  on how to localize the small “invisible” pituitary adenomas 

•  on the optimal strategy for detecting occult ACTH producing tumors. 



I had warned you  
to never say that Cushing’s syndrome is 
simple 



Comparison of the various modalities- 
prospective evaluation at one clinical 
research center  

JCEM, 2015 

•  LOCT and PET detected only lesions seen by 
CT/MRI 

•  Abnormal LOCT or F-DOPA-PET improved 
PPV of CT/MRI.  


