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Abstract

We report a patient with Cushing’s disease (CD) and two pituitary adenomas that demonstrated
different imaging characteristics and therefore suggest an alternative imaging strategy for these
patients. A 42-year-old woman presented with signs and symptoms of CD. Biochemical
evaluation confirmed hypercortisolemia and suggested CD. On pituitary MRI with spoiled
gradient recalled acquisition in the steady-state and T1-weighted spin echo protocols, a 5 mm
hypoenhancing region typical for a pituitary adenoma was identified on the left. However, after
surgical resection the patient remained hypercortisolemic and pathology revealed a nonfunctional
adenoma. At early repeat surgical exploration a 10 mm adenoma was found in the right side of the
gland. Postoperatively the patient became hypocortisolemic and pathology demonstrated an
adrenocorticotropic hormone (ACTH)-staining adenoma. On review of the initial MRI this tumor
corresponded to a region of contrast retention best visualized on delayed fluid attenuated inversion
recovery (FLAIR) imaging. While the incidentaloma in this case demonstrated classical imaging
characteristics of a pituitary adenoma the larger ACTH-secreting tumor was best appreciated by
contrast retention. This suggests a role for delayed postcontrast FLAIR imaging in the
preoperative evaluation of CD. ACTH-secreting tumors causing CD cause significant morbidity.
Due to their small size, a pituitary adenoma is frequently not identified on imaging despite
endocrinologic testing suggesting CD. Regardless of improvements in MRI, many tumors are only
identified at surgical exploration.
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1. Introduction

MRI is the gold standard for localizing pituitary adenomas in Cushing’s disease (CD)
although imaging fails to identify a tumor in as many as 40% of patients.[1,2] Endocrine
diagnostic testing and inferior petrosal sinus sampling (IPSS) can help to confirm a pituitary
source, however, these tests often do not improve tumor localization within the pituitary
gland for surgical planning.[3] To improve preoperative tumor localization and thereby
enhance the success of pituitary surgery, several MRI techniques have been applied to
patients with CD, including 3D gradient echo and dynamic MRI.[4,5] These techniques have
improved imaging sensitivity for pituitary adenomas in CD, although many tumors remain
occult before surgery.

We report a patient with CD and two pituitary adenomas. Although the tumors were imaged
simultaneously they demonstrated markedly different imaging. Specifically, delayed
postcontrast fluid attenuated inversion recovery (FLAIR) was positive for contrast retention
in the otherwise MRI-negative endocrine-active tumor suggesting a role for this imaging
sequence in patients with CD.

2. Case Report

A 42-year-old woman was evaluated for signs and symptoms of hypercortisolemia over the
previous eighteen months including a 50 pound weight gain, hirsutism, abdominal striae,
fatigue, amenorrhea and hypertension. Biochemical evaluation revealed elevated urine free
cortisol measurements from 91-122 mcg per 24 hours (reference: 3.5-45.0 mcg/24 hours).
Inferior petrosal sinus sampling after corticotropin-releasing hormone administration
revealed maximal adrenocorticotropic hormone (ACTH) levels of 1397 pg/mL in the right
petrosal vein and 1798 pg/mL in the left petrosal vein compared with 126 pg/mL in the
peripheral blood.

2.1. Imaging

Pituitary MRI using spoiled gradient recalled acquisition in the steady-state (SPGR) and T1-
weighted spin echo (SE) techniques revealed a 5 mm region of hypoenhancement on the left
(Fig. 1a—c). There was also an area of subtle hypoenhancement in the right medial gland on
early dynamic postcontrast imaging (Fig. 1a). This region was later visualized on delayed
SE and FLAIR sequences with subtle and robust contrast enhancement, respectively (Fig.
1c, d).

2.2. Operation and postoperative course

The patient was taken to the operating room for resection of a pituitary adenoma by a
microscopic sublabial submucosal transsphenoidal approach. A 6 mm encapsulated
adenoma, corresponding to the region of hypointensity on MRI was identified and resected
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en bloc using pseudocapsular dissection (Fig. 2b). Postoperatively both serum cortisol and
ACTH remained elevated (Fig. 2a). Histologic analysis of the resected lesion revealed a
tumor by reticulin stain but did not demonstrate ACTH or other pituitary hormone by
immunohistochemistry (Fig. 2c, d).

Due to the lack of biochemical remission, the patient returned to the operating room for
early repeat exploration on postoperative day 7. At surgery, further dissection revealed
another tumor in the region of contrast enhancement on delayed FLAIR imaging which was
resected en bloc (Fig. 2e). Postoperatively both serum cortisol and ACTH dropped to
undetectable levels (Fig. 2a). Histologic analysis once again revealed a tumor by reticulin
stain but this tumor was intensely positive for ACTH by immunohistochemistry (Fig. 2f, g).

3. Discussion

3.1. Multiple pituitary adenomas in CD

Multiple sporadic tumors in patients with CD are uncommon and have been identified in
only 2% of patients in the largest reported series to date.[6] Most commonly the second
tumor is a prolactinoma or a non-secreting tumor.[6-8] Autopsy and imaging studies have
identified pituitary adenomas in 8.5 to 27 percent of patients without endocrinopathy.[9-12]
Given this frequency of occult adenomas in the general population the incidence of multiple
tumors in patients with CD may be underrecognized.

3.2. MRI techniques in CD

Due to their frequently small size at presentation many ACTH-secreting tumors in CD are
not identifiable on imaging at the time of diagnosis. Several MRI techniques have been used
to improve radiologic identification of pituitary adenomas in these patients. Gadolinium-
based contrast agents allow adenomas to be typically visualized as a focal hypointense area
on early postcontrast imaging.[4] SPGR imaging (Fig. 1b), a 3D gradient echo technique,
allows for greater spatial resolution and greater sensitivity in comparison to traditional
postcontrast T1-weighted SE imaging at the expense of slightly decreased specificity (Fig.
1c).[5] The maximum contrast between pituitary and adenoma typically occurs 60-200
seconds after injection of the contrast agent.[4] Dynamic imaging at these early time points
can capture this maximal contrast gradient (Fig. 1a). When used for patients with CD, this
method has increased sensitivity but reduced specificity in comparison to traditional T1-
weighted SE postcontrast imaging.[1]

As pituitary tumors typically take up contrast after normal gland, delayed postcontrast
imaging may also identify contrast retention. Given the small size of tumors in CD and the
small quantities of contrast that may be retained at late time points, sensitive sequences must
be employed to identify such contrast retention. Postcontrast FLAIR imaging has been
reported to be particularly sensitive for extra-axial contrast enhancement as seen in
leptomeningeal metastases, meningitis and subdural hematomas, and it clearly demonstrated
the second adenoma in our patient (Fig. 1d).[13,14] Utility of this sequence in pituitary
imaging has not been reported.
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In the present case, because the two tumors presented are in a single patient, both tumors
received the same contrast dose with the same delay from contrast administration until
imaging and the same imaging sequences performed. This case is unique in that it
demonstrates two tumors with distinct imaging characteristics despite these same imaging
conditions and techniques. Specifically, it demonstrates the potential of delayed postcontrast
FLAIR sequences for visualization of contrast retention in a pituitary adenoma. In the
current case, the nonfunctioning pituitary tumor demonstrated classic imaging
characteristics of a pituitary adenoma (Fig. 1a—c). The larger, pathogenic ACTH-secreting
adenoma displayed only subtle hypoenhancement on the early dynamic imaging but was
most clearly identified on the delayed postcontrast FLAIR imaging (Fig. 1d).

The biologic basis for the observed difference in contrast enhancement and retention
between the tumors is uncertain. The greater contrast retention within the ACTH-secreting
adenoma may be related to intrinsic differences between the two tumors including
differences in their interstitial spaces or in the pseudocapsule that may result in trapping of
contrast within the secreting tumor. Alternatively, the observed differences in imaging may
be related to extrinsic factors such as anatomic differences in venous drainage.

4. Conclusions

Based on the different imaging characteristics of the concurrent pituitary adenomas in the
present case, delayed postcontrast FLAIR imaging may have utility in identifying delayed
contrast retention in pituitary adenomas. Patients with negative MRI but biochemical
evidence of CD may benefit from this imaging sequence and further investigation is
warranted to examine its utility.
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Dynamic — 2 minutes SPGR - 4 minutes SE - 8 minutes FLAIR - 30 minutes

Fig. 1.
A-D are displayed in the coronal view. A) Dynamic T1-weighted pituitary MRI reveals

patchy hypointensity in the left lateral (arrowhead) and right medial pituitary gland (arrow)
at 2 minutes after contrast administration. B) On spoiled gradient-recalled acquisition in the
steady-state (SPGR), a 3D gradient echo technique, a hypointense area is noted 4 minutes
after contrast administration on the left lateral aspect of the gland (arrowhead). C) T1-
weighted spin echo (SE) 8 minutes after contrast demonstrates this area of hypointensity
corresponding to the non-secreting adenoma more clearly (arrowhead) as well as subtle
contrast enhancement in the right medial gland (arrow). D) Delayed fluid attenuated
inversion recovery (FLAIR) 30 minutes after contrast demonstrates marked contrast
enhancement in the adrenocorticotropic hormone-positive adenoma in the right medial gland
(arrow).
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Fig. 2.
A) Measurement of serum cortisol (solid line, left axis) and adrenocorticotropic hormone

(ACTH; dashed line, right axis) levels during the admission. Gray vertical lines indicate the
relative time points of the two operations. B) At initial surgery an encapsulated 6 mm tumor
(*) is resected from the left lateral gland. C-D) This tumor demonstrates loss of typical
pituitary acinar cytoarchitecture and a compressed surrounding histologic pseudocapsule on
reticulin stain (C) but is negative for ACTH by immunohistochemistry (D). E) At the second
operation, a 10 mm tumor (*) is resected from the right medial gland (arrowheads). F-G)
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This lesion demonstrates similar characteristics of tumor on reticulin stain (F) but is
intensely positive for ACTH on immunohistochemistry (G).
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