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Abstract 

Background  Ectopic ACTH pituitary adenomas (EAPA), located outside the sella turcica and deriving from cellular 
remnants of Rathke’s pouch are a very rare cause of Cushing’s syndrome (CS). The diagnosis is often difficult and 
delayed, even after comprehensive work-up. To our knowledge, we report for the first time an ectopic corticotroph 
tumor of the posterior wall of the sphenoid sinus, leading to false positive results of bilateral inferior petrosal sinus 
sampling (BIPPS) and which was finally localized by a co-registered11 C Methionine PET/MR imaging.

Case presentation  A 48-year-old woman was referred for a high clinical suspicion of ACTH-dependent CS. Biologi-
cal testing comprising low dose dexamethasone suppression and CRH stimulation tests were indicative of pituitary 
Cushing’s disease, but comprehensive pituitary MRI did not reveal any pituitary adenoma. BIPSS confirmed however a 
central origin of ACTH secretion (central-to-peripheral ACTH ratio > 100) and revealed a significant right-to-left gradi-
ent (6.2), leading to a first right-sided exploratory hypophysectomy, that did not cure the patient. BIPSS images were 
reviewed and revealed preferential drainage of the left pituitary to the right petrosal sinus, leading us to a left sided 
exploratory hypophysectomy, which was again unsuccessful. A11 C Methionine PET/MRI was performed and revealed 
a hypermetabolic lesion adjacent to the posterior wall of the sphenoidal sinus. After surgical resection, this polypoid 
mass was identified as an ectopic ATCH-secreting pituitary adenoma expressing ACTH and T-Pit and complete remis-
sion of hypercortisolism was observed.

Conclusions  In conclusion, we report a case of ACTH-dependent Cushing’s syndrome, caused by an ectopic cor-
ticotroph adenoma located in the sphenoidal sinus, which perfectly mimicked the biological features of a classical 
pituitary ACTH adenoma on a comprehensive hormonal evaluation including BIPPS, and the features of a benign 
naso-sinusal polyp at MRI. We report for the first time a key role of11 C Methionine PET co-registered to high resolu-
tion MRI for localizing ectopic adenomas, efficiently guiding surgical removal and leading to complete remission of 
hypercortisolism.
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Background
Ectopic ACTH pituitary adenomas (EAPA), located out-
side the sella turcica and on the embryological migration 
path of Rathke’s pouch (eg nasopharynx, clivus, sphenoi-
dal sinus, cavernous sinus, suprasellar region) are a very 
rare cause of Cushing’s syndrome (CS) [1]. The diagnosis 
is often difficult and delayed, even after comprehensive 
work-up. To our knowledge, we report for the first time 
an ectopic corticotroph tumor of the posterior wall of the 
sphenoid sinus, leading to false positive results of bilat-
eral inferior petrosal sinus sampling (BIPPS) and which 
was finally localized by a co-registered11 C Methionine 
PET/MR imaging.

Case presentation
A 48-year-old woman was referred to our Endocrinol-
ogy Department for suspicion of Cushing’s syndrome 
(CS). She complained of weight gain (7 kg in 1 year), 
face swelling and frequent bruising. Menstruations had 
been irregular for the last year. She also had recently suf-
fered from a spontaneous rib fracture and aseptic oste-
onecrosis of the shoulder. Clinical examination revealed 
truncal adiposity (BMI 27.5 kg/m2) with buffalo neck, 
typical skin frailty, peripheral amyotrophy and hyperten-
sion (150/90 mmHg).

Biological work-up at admission, including blood 
count, hepatic enzymes, kidney function and electro-
lytes, was normal, except for elevated LDH at 435 U/l 
(normal values 140–280) and neutrophilia at 11,390/μl 
(normal values < 10,000). Hba1c was normal at 5.6%. A 
recent bone density scan had revealed osteoporosis at the 
femoral site (T-score − 3.1) and osteopenia in the lumbar 
spine (T-score − 1.9).

Morning cortisol and ACTH concentrations were high 
(Table 1), as was 24 h free urinary cortisol on three differ-
ent collections (86.5, 99.3 and 131.0 μg/24 h, normal val-
ues < 40). The short 1 mg dexamethasone test and Liddle 
test (dexamethasone 0.5 mg every 6 hours for 48 hours) 
were both indicative of CS (Table  1). A corticotropin-
releasing hormone stimulation test (CRH, 100 μg iv) 
induced a 57% elevation in ACTH (99 to 145 ng/l) and 
a 34% rise in cortisol (702 to 946 nmol/l), in favor of the 
diagnosis of Cushing’s disease (CD), while a desmopres-
sin test (10 μg iv) remained inconclusive by yielding only 
a 15% increase in ACTH levels (103 to 119 ng/l) and an 
18% rise in cortisol (726 to 856 nmol/l). The other pitui-
tary hormones levels were normal, while DHEA sulfate 
and total testosterone were elevated (Table 1).

Pituitary magnetic resonance imaging (MRI) includ-
ing high resolution T2-weighted sequences, as well as 
pre- and post-contrast T1-weighted sequences with rapid 
dynamic acquisition failed to reveal an adenoma (Fig. 1A-
C). Bilateral inferior petrosal sinus sampling (BIPSS) was 

therefore performed. A marked central-to-peripheral 
gradient in ACTH secretion was observed in both pet-
rosal sinuses, suggesting the pituitary origin of ACTH 
hypersecretion (Table  2). Higher ACTH levels were 
recorded on the right side, leading to a significant later-
alization ratio of 6.2.

The patient underwent subsequently a first exploratory 
transsphenoidal surgery targeting the right side of the 
pituitary, with excision of a more friable part of the gland. 
Histology showed normal pituitary tissue, and postopera-
tive cortisol levels remained elevated (681 nmol/l at day 
2). Pituitary function was otherwise fully preserved.

Because of the lack of biological remission, a retro-
spective look on BIPSS images was done which high-
lighted a preferential cross drainage of the left pituitary 
towards the right petrosal sinus. The patient therefore 
underwent a second exploratory surgery now targeting 
the left side of the pituitary, with removal of a more soft 
part of the left pituitary. Again, post-operative cortisol 
level remained elevated at 543 nmol/l at day 2 and histo-
pathological examination showed normal pituitary tissue. 
Importantly, pituitary function was again preserved with-
out any hormonal deficit. A treatment with ketoconazole 
was initiated but rapidly discontinued because of nausea 
and abdominal pain. Other medical treatments such as 
metyrapone or osilodrostat were considered at this stage 
but the cost was prohibitive as they are not reimbursed 
by the Belgian social security.

Table 1  Endocrinological work-up at diagnosis

The Liddle test was performed by giving 0.5 mg dexamethasone every 6 hours 
for 48 hours

ACTH adrenocorticotropic hormone, TSH thyroid-stimulating hormone, IGF-1 
insulin-like growth factor 1, LH luteinizing hormone, FSH follicle-stimulating 
hormone, DHEA Dehydroepiandrosterone, DXM dexamethasone

Parameter (Units) Results Normal range

Morning cortisol (nmol/l) 669 130–500

Morning ACTH (ng/l) 89 5–49

TSH (mU/l) 0.78 0.27–4.2

Free T4 (pmol/l) 16.8 12–22

IGF-1 (μg/l) 148 102–267

LH (U/l) 3.9 1–95

FSH (U/l) 11.9 1.7–134

Oestradiol (ng/l) 23 12–398

Total testosterone (nmol/l) 2.94 0.27–1.7

DHEA-Sulfate (μmol/l) 14.4 1–7

Prolactin (μg/l) 12 5–23

24 h urinary free cortisol on three 
different collections (μg/24 h)

86.0, 99.3 and 131.0 < 40

Morning cortisol after 1 mg DXM 
(nmol/l)

369 < 50

Morning cortisol after Liddle test 
(nmol/l)

911 < 50
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Because of the lack of clinical and biological remis-
sion, further investigations were performed. A full body 
68Ga-Dotatate-positron emission tomography (PET)/
CT imaging failed to reveal a potential source of ectopic 
ACTH or CRH secretion. A 11C Methionine PET co-
registered with high resolution 3D MRI was performed 
next and did not demonstrate a residual pituitary ade-
noma. This imaging procedure showed a normal uptake 
in the remaining pituitary gland (Fig. 2A), but revealed 
a hypermetabolic 9 × 6 × 8 mm mass (maximal stand-
ardized uptake value or SUVmax at 3.3) located on the 
posterior wall of the sphenoid sinus (Fig.  2B and C). 
Of note, this small polypoid process was already pre-
sent on previous MR examination (Fig.  1C) and was 
negative on the 68Ga-Dotatate-PET (Fig. 2D). As it pre-
sented with similar MR features as those commonly 
seen for benign mucosal polyps and was distant from 

the sella, it had not been considered as a potentially 
ectopic adenoma.

A third trans-sphenoidal surgical procedure was per-
formed by the same neurosurgeon (CR) to remove this 
posterior sphenoidal mass. Serum cortisol decreased 
to very low levels (30 nmol/l) on post-operative day 2 
and the patient was started on hydrocortisone replace-
ment therapy. Histological examination confirmed the 
presence of pituitary adenomatous tissue with a Ki67 
proliferation index at 1–2% and positive immunohis-
tochemical staining for both ACTH and T-Pit (Fig.  3A-
C). During follow-up, clinical signs of hypercortisolism 
rapidly improved and severe corticotropic insufficiency 
persisted 2 months after surgery (low morning cortisol at 
2.7 nmol/l), confirming remission of CS.

Discussion
We report a challenging case of severe ACTH-dependent 
Cushing’s syndrome without any identifiable pituitary 
tumor despite adequate MR imaging and two exploratory 
transsphenoidal surgeries, while preoperative hormo-
nal testing and bilateral inferior petrosal sinus sampling 
(BIPSS) were highly consistent with a pituitary origin of 
ACTH secretion. We highlight the essential role played 
by a co-registered 11C Methionine PET/MRI imaging 
procedure in the diagnostic process, as it allowed to sus-
pect an ectopic ACTH secreting adenoma deeply located 
on the posterior wall of the sphenoid sinus, mimick-
ing a benign naso-sinusal mucosal polyp. The diagno-
sis was confirmed by post-surgical remission of CS and 
identification of pituitary corticotroph cell lineage of the 
resected tumor which showed positive ACTH and T-Pit 
expression.

Fig. 1  Pituitary magnetic resonance imaging (MRI) at diagnosis. A Thin coronal T2-weighted slice showing a normal pituitary gland (arrow); B 
Contrast-enhanced (CE) thin coronal T1-weighted slice in similar location as Fig. 1A, failing to reveal any abnormality in the pituitary gland; C 
Pre-contrast thin mid-sagittal T1-weighted slice showing normal anterior and posterior pituitary lobes (thin arrow) and a polypoid-like mass on the 
posterior wall of the sphenoid sinus, clearly distant from the sellar region and first considered as a benign naso-sinusal polyp (thick arrow)

Table 2  ACTH concentrations (in ng/l) recorded during bilateral 
inferior petrosal sinus sampling (BIPPS) at baseline and after 
intravenous injection of 0.100 mg of corticotropin-releasing 
hormone (CRH) at 0 minutes

ACTH adrenocorticotropic hormone, CRH corticotropin releasing hormone, PV 
peripheral vein, RPS right petrosal sinus, LPS left petrosal sinus

Time PV RPS LPS RPS/PV LPS/PV

- 5 min 46 941 151 20,6 3,3

0 min 45 1158 237 25,5 5,2

2 min 55 5939 1624 107,8 29,5

5 min 73 2275 865 31,3 11,9

10 min 79 3418 1150 43,3 14,6

15 min 81 3670 1029 45,5 12,8
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A recent review highlighted that ACTH-secreting 
adenomas are the most frequent ectopic pituitary adeno-
mas [1]. They can be located in the sphenoid sinus, the 
suprasellar region, the cavernous sinuses or in other loca-
tions. The diagnosis of such lesions is often difficult and 
delayed, even after comprehensive work-up including 
BIPSS.

Bilateral inferior petrosal sinus sampling (BIPSS) 
is indicated to distinguish ectopic ACTH secretion 
from Cushing’s disease, particularly in cases of nega-
tive MR imaging in patients with biological evidence of 
ACTH-dependent cortisol excess [2]. False negatives 
or false positives may however occur when the purpose 
of performing BIPSS is to define the exact location of 
the ACTH source. Anatomical variants of the petrosal 
venous system have been described, which potentially 
result in abnormal venous drainage. For instance, the 
petrosal sinus can drain immediately into the jugular or 
the vertebral vein [3]. Conversely, some extra pituitary 
tumors can mimic pituitary location with preferential 
lateralized secretion, notably in patients with ectopic 
CRH secretion [4] or in the presence of ectopic pituitary 

adenoma within the sphenoid sinus as it was observed in 
our case.

In our patient, in spite of negative pituitary MR exami-
nation, the very high central/peripheral ACTH gradient 
at BIPSS (above 100) convinced us to perform explora-
tory pituitary surgery, initially targeted to the right side 
and thereafter to the left side, as advocated by recent sur-
gical guidelines [5]. We now hypothesize that the tumor, 
located medially and posteriorly in the sphenoid sinus, 
preferentially drained into in the right petrosal sinus. 
We also encountered another pitfall in our diagnostic 
approach, as BIPPS highlighted a marked right-sided 
gradient, which was a false positive. We discovered later, 
after the first surgical exploration, important contralat-
eral cross-drainage, which triggered the decision of a 
second surgical intervention targeting the left pituitary 
lobe. To our knowledge, major preferential drainage in 
the opposite petrosal sinus is rare, but still more frequent 
than extra-pituitary ACTH producing tumors.

MRI has a stronger positive predictive value than BIPSS 
to determine pituitary tumor lateralization and cur-
rent guidelines therefore recommend to perform BIPSS 

Fig. 2  Co-registered magnetic resonance imaging (MRI) and 11C-methionine positron emission tomography (PET) performed after two 
unsuccessful pituitary surgeries. A Coronal view showing normal and homogeneous tracer uptake within residual pituitary parenchyma (between 
arrows); B Coronal view on a slightly more posterior view than Fig. 2A showing intense tracer uptake within the posterior sphenoid mass (large 
arrow), SUVmax at 3.3; C Axial transverse view showing similar features as Fig. 2B. D 68Ga-Dotatate-PET/CT showing normal uptake at the pituitary 
level (thin arrow) and no uptake of the tracer in the posterior sphenoid mass (large arrow)
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only in case of negative MRI to lateralize the lesion [6]. 
However, in case of a negative first BIPPS-guided surgi-
cal exploration, a surgical exploration of the entire pitui-
tary gland is recommended before performing extended 
hemi-hypophysectomy, because of the limited accuracy 
of BIPSS. In a recent series, as much as 31% of ACTH-
secreting adenomas were located contra laterally to the 
side predicted by BIPSS [6].

To our knowledge, we report for the first time locali-
zation of such an ectopic corticotroph tumor by co-reg-
istered 11C Methionine PET/MRI. As methionine is an 
amino-acid used for protein synthesis, 11C Methionine 
is preferentially taken up by protein secreting adenomas 
and has shown a sensitivity of 70–100% in recent studies 
involving Cushing’s disease patients [7, 8]. Recent studies 
have shown that nuclear imaging techniques may provide 
consistent results in localizing pituitary adenomas when 
MRI alone failed to locate them [7, 8], and 11C Methio-
nine PET/MRI is considered superior to 18FDG-PET/
MRI or CT for this purpose [9]. Indeed, 11C Methionine 
PET/MRI has demonstrated encouraging results in this 
indication [10], and seems to offer greater accuracy and 
positive predictive value than BIPSS [10]. Nuclear imag-
ing could gain more importance in the decision-making 
process in ACTH dependent Cushing’s syndrome and 

could even identify, or at least suspect, ectopic pituitary 
adenomas, as illustrated by this case report.

Ectopic pituitary adenomas originate from cellular 
remnants of the migration of Rathke’s pouch cells along 
the pharyngeal tract and have been shown to remain 
under the regulatory control of the hypothalamus [11, 
12]. In our case, dynamic testing was compatible with an 
ACTH-producing pituitary adenoma, as CRH stimula-
tion induced a significant increase in ACTH and cortisol. 
We also show for the first time that such ectopic pituitary 
adenomas also express T-Pit, a transcription factor spe-
cifically expressed in pituitary cells that acquire a cortico-
troph phenotype [13].

In conclusion, we report a case of ACTH-dependent 
Cushing’s syndrome, caused by an ectopic corticotroph 
adenoma located in the sphenoid sinus, which perfectly 
mimicked the features of a classical pituitary ACTH ade-
noma on a comprehensive hormonal evaluation includ-
ing BIPPS, and the features of a benign naso-sinusal 
polyp at MRI. We report for the first time a key role of 
11C Methionine PET co-registered to high resolution 
MRI for localizing ectopic adenomas, efficiently guiding 
surgical removal and leading to complete remission of 
hypercortisolism.

Fig. 3  Histological and immunohistochemical analysis of the sphenoidal mass after surgical excision. A Hematoxylin and eosin staining of a tumor 
section, showing cells with sparsely granulated slightly basophilic cytoplasm. B Immunohistochemistry performed for ACTH, showing diffuse 
intra-cytoplasmic ACTH staining in the majority of tumoral cells. C Immunohistochemistry performed for T-Pit, revealing nuclear staining of the 
tumor cells. (Bar = 10 μm)
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CS	� Cushing’s syndrome
MRI	� magnetic resonance imaging
PET	� positron emission tomography

Acknowledgements
We thank Pr Bernard Corvilain from Brussels and Pr Antoine Tabarin from 
Bordeaux for helpful discussion during the management of this case.

Authors’ contributions
SMC and FL were both resident endocrinologists in charge of the patient 
and wrote the first draft. RMF was the attending endocrinologist during the 
patient’s hospitalizations. DM was the lead endocrinologist responsible for 
the patient’s treatment, and finalized the manuscript. TD created figs. 1 and 
2 and provided corrections to the final manuscript. LD and ML created fig. 3 
and reviewed the manuscript. CR was the lead surgeon on all 3 surgeries and 
provided corrections to the final manuscript. All authors approved the final 
submitted version. SMC and FL contributed equally to this work.

Funding
Not applicable.

Availability of data and materials
All data presented in this paper is available from the corresponding author 
upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and all accompanying images.

Competing interests
The authors declare that they have no competing interests.

Received: 24 August 2022   Accepted: 9 February 2023

References
	1.	 Zhu J, Wang Z, Zhang Y, et al. Ectopic pituitary adenomas: clinical fea-

tures, diagnostic challenges and management. Pituitary. 2020;23(6):648–
64. https://​doi.​org/​10.​1007/​s11102-​020-​01071-x.

	2.	 Pecori Giraldi F, Cavallo LM, Tortora F, et al. The role of inferior petrosal 
sinus sampling in ACTH-dependent Cushing’s syndrome: review and 
joint opinion statement by members of the Italian Society for Endocrinol-
ogy, Italian Society for Neurosurgery, and Italian Society for Neuroradiol-
ogy. Neurosurg Focus. 2015;38(2):E5. https://​doi.​org/​10.​3171/​2014.​11.​
FOCUS​14766.

	3.	 Mitsuhashi Y, Nishio A, Kawahara S, et al. Morphologic evaluation of the 
caudal end of the inferior petrosal sinus using 3D rotational venography. 
AJNR Am J Neuroradiol. 2007;28(6):1179–84. https://​doi.​org/​10.​3174/​ajnr.​
A0489.

	4.	 Young J, Deneux C, Grino M, Oliver C, Chanson P, Schaison G. Pitfall of 
petrosal sinus sampling in a cushing’s syndrome secondary to ectopic 
Adrenocorticotropin-Corticotropin Releasing Hormone (ACTH-CRH) 
Secretion. J Clin Endocrinol Metab. 1998;83(2):305–8. https://​doi.​org/​10.​
1210/​jcem.​83.2.​4549.

	5.	 Lonser RR, Nieman L, Oldfield EH. Cushing’s disease: pathobiology, diag-
nosis, and management. J Neurosurg. 2017;126(2):404–17. https://​doi.​
org/​10.​3171/​2016.1.​JNS15​2119.

	6.	 Wind JJ, Lonser RR, Nieman LK, DeVroom HL, Chang R, Oldfield EH. The 
lateralization accuracy of inferior petrosal sinus sampling in 501 patients 

with cushing’s disease. J Clin Endocrinol Metab. 2013;98(6):2285–93. 
https://​doi.​org/​10.​1210/​jc.​2012-​3943.

	7.	 Koulouri O, Steuwe A, Gillett D, et al. A role for 11C-methionine PET 
imaging in ACTH-dependent Cushing’s syndrome. Eur J Endocrinol. 
2015;173(4):M107–20. https://​doi.​org/​10.​1530/​EJE-​15-​0616.

	8.	 Bashari WA, Gillett D, MacFarlane J, et al. Modern imaging in Cush-
ing’s disease. Pituitary. 2022;25(5):709–12. https://​doi.​org/​10.​1007/​
s11102-​022-​01236-w.

	9.	 Feng Z, He D, Mao Z, et al. Utility of 11C-Methionine and 18F-FDG PET/
CT in patients with functioning pituitary adenomas. Clin Nucl Med. 
2016;41(3):e130–4. https://​doi.​org/​10.​1097/​RLU.​00000​00000​001085.

	10.	 Berkmann S, Roethlisberger M, Mueller B, et al. Selective resection of 
cushing microadenoma guided by preoperative hybrid 18-fluoroethyl-
L-tyrosine and 11-C-methionine PET/MRI. Pituitary. 2021;24(6):878–86. 
https://​doi.​org/​10.​1007/​s11102-​021-​01160-5.

	11.	 Johnston PC, Kennedy L, Weil RJ, Hamrahian AH. Ectopic ACTH-
secreting pituitary adenomas within the sphenoid sinus. Endocrine. 
2014;47(3):717–24. https://​doi.​org/​10.​1007/​s12020-​014-​0313-z.

	12.	 Trulea M, Patey M, Chaufour-Higel B, et al. An unusual case of ectopic 
adrenocorticotropin secretion. J Clin Endocrinol Metab. 2009;94(2):384–5. 
https://​doi.​org/​10.​1210/​jc.​2008-​1634.

	13.	 Jiang S, Zhu J, Feng M, et al. Clinical profiles of silent corticotroph 
adenomas compared with silent gonadotroph adenomas after adopting 
the 2017 WHO pituitary classification system. Pituitary. 2021;24(4):564–73. 
https://​doi.​org/​10.​1007/​s11102-​021-​01133-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s11102-020-01071-x
https://doi.org/10.3171/2014.11.FOCUS14766
https://doi.org/10.3171/2014.11.FOCUS14766
https://doi.org/10.3174/ajnr.A0489
https://doi.org/10.3174/ajnr.A0489
https://doi.org/10.1210/jcem.83.2.4549
https://doi.org/10.1210/jcem.83.2.4549
https://doi.org/10.3171/2016.1.JNS152119
https://doi.org/10.3171/2016.1.JNS152119
https://doi.org/10.1210/jc.2012-3943
https://doi.org/10.1530/EJE-15-0616
https://doi.org/10.1007/s11102-022-01236-w
https://doi.org/10.1007/s11102-022-01236-w
https://doi.org/10.1097/RLU.0000000000001085
https://doi.org/10.1007/s11102-021-01160-5
https://doi.org/10.1007/s12020-014-0313-z
https://doi.org/10.1210/jc.2008-1634
https://doi.org/10.1007/s11102-021-01133-8

	Ectopic sphenoidal ACTH-secreting adenoma revealed by 11C Methionine PET scan: case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Acknowledgements
	References


