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Abstract

OBJECTIVE—Accurate presurgical localization of microadenomas in Cushing’s disease (CD)
leads to improved remission rates and decreased adverse events. Volumetric gradient recalled echo
(3D-GRE) MRI detects pituitary microadenomas in CD in up to 50%—-80% cases as a focus of
hypointensity due to delayed contrast wash-in. The authors have previously reported that
postcontrast FLAIR imaging may be useful in detecting otherwise MRI-negative pituitary
microadenomas as foci of hyperintensity. This reflects theoretically complementary imaging of
microadenomas due to delayed contrast washout. The authors report on the diagnostic accuracy
and clinical utility of FLAIR imaging in the detection of microadenomas in patients with CD.

METHODS—The authors prospectively analyzed imaging findings in 23 patients (24 tumors)
with biochemically proven CD who underwent transsphenoidal surgery for CD. Preoperatively, the
patients underwent pituitary MRI with postcontrast FLAIR and postcontrast 3D-GRE sequences.
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RESULTS—Postcontrast FLAIR hyperintensity was detected in macroadenomas, and in 3D-
GRE—positive or —negative microadenomas. Overall, 3D-GRE was superior in detecting surgically
and histopathologically confirmed, location-concordant microadenomas. Of 24 pituitary
adenomas, 18 (75%; sensitivity 82%, positive predictive value 95%) were found on 3D-GRE, and
13 (50% [1 was false positive]; sensitivity 55%, positive predictive value 92%) were correctly
identified on FLAIR. The stand-alone specificity of 3D-GRE and FLAIR was similar (50%).
These results confirm the superiority of 3D-GRE as a stand-alone imaging modality. The authors
then tested the utility of FLAIR as a complementary tool to 3D-GRE imaging. All 5 patients with
negative 3D-GRE MRI displayed a distinct focus of FLAIR enhancement. Four of those 5 cases
(80%) had location-concordant positive histopathological results and achieved postsurgical
biochemical remission. The remaining patient was not cured, because resection did not include the
region of FLAIR hyperintensity.

CONCLUSIONS—This study suggests that delayed microadenoma contrast washout may be
detected as FLAIR hyperintensity in otherwise MRI-negative CD cases. The authors propose
adding postcontrast FLAIR sequences to complement 3D-GRE for surgical planning in patients
with CD.

Keywords

FLAIR; fluid attenuated inversion recovery; 3D-GRE; volumetric gradient recalled echo; pituitary
adenoma; hypercortisolism; Cushing’s disease; transsphenoidal surgery; MRI; contrast; washout;
pituitary surgery

ACCURATE preoperative localization of microadenomas in Cushing’s disease (CD) leads to
improved remission rates and decreased adverse events.332 Modern MRI modalities
including dynamic or volumetric sequences can detect corticotrophic adenomas in 50%-—
80% of cases of CD.56:10.18.23.26 Typjcally, the rest undergo preoperative inferior petrosal
sinus sampling (IPSS) to confirm a pituitary source of adrenocorticotropic hormone
(ACTH)—dependent hypercortisolemia in patients with negative MRI findings.8-3> The IPSS,
however, does not improve tumor localization within the pituitary parenchyma for surgical
planning,*? and it remains a poor guide for hemihypophysectomy.15:25

In postcontrast images, microadenomas in patients with CD are visualized as foci of
hypointensity due to delayed contrast wash-in.# "2 Rapid, dynamic imaging obtained after
administration of contrast agents improves detection of microadenomas in comparison with
postcontrast T1-weighted spin echo imaging by using the same principles.19:20 Similarly,
volumetric gradient recalled echo (3D-GRE) improves detection by demonstrating
microadenomas as hypo-enhancing regions.18:28.:37 Conversely, contrast may be retained
longer in pituitary adenomas compared with normal pituitary gland.?21 This principle
underlies a theoretically complementary strategy for imaging microadenomas due to delayed
contrast washout. Postcontrast FLAIR is particularly sensitive in detecting intracranial
pathological entities in postcontrast images.1229 We have previously reported that
postcontrast FLAIR imaging may be useful in detecting otherwise MRI-negative pituitary
microadenoma as a focus of hyperintensity.28 We hypothesized that this imaging modality
increases the accuracy for MRI detection of ACTH-secreting pituitary adenomas as an
adjunct sequence to the current, widely used 3DGRE MRI. In this study, we compare the
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performance of 3D-GRE and FLAIR sequences in 23 patients with biochemically proven
CD. We report that postcontrast FLAIR imaging may be potentially useful in detecting
otherwise MRI-negative microadenomas in CD.

Patient Population

We retrospectively analyzed imaging, histopathological, and surgical findings in 23 patients
(24 tumors; 16 female patients, 7 male patients) with biochemically proven CD who
underwent transsphenoidal surgery (TSS) for CD at the National Institutes of Health (NI1H)
between 2013 and 2016 under NIH protocol 03-N-0164 (ClinicalTrials.gov; identifier
NCT00060541). All patients with a working diagnosis of CD who underwent pituitary
postcontrast FLAIR imaging were included in the current study. The protocol was approved
by the Combined Neuroscience Institutional Review Board of the NIH in Bethesda,
Maryland, and informed consent was obtained from all participants. The study was
performed in conformance with the standards and protocols of the institutional review board.

Diagnosis of CD

Protocol for

Standard biochemical workup for Cushing’s syndrome was done in all patients, and
hypercortisolism was diagnosed on the basis of elevations in at least 2 of the following
laboratory values: 24-hour urinary free cortisol (UFC) (normal range 1.4-20 pg/24 hours for
3- to 8-year-olds, 2.6-37 g/24 hours for 9- to 12-year-olds, 4.0-56 ug/24 hours for 13- to
17-year-olds, and 3.5-45.0 ug/24 hours for = 18-year-olds); late-night salivary cortisol
(normal range < 100 ng/dl); or low-dose dexamethasone suppression testing (1 mg overnight
or 2 mg over 48 hours).

Additional diagnostic workup included midnight serum cortisol (normal range < 7.5 pg/dl
for adults, < 4 pg/dl for children) and ACTH (normal range 5-46 pg/ml), and 24-hour
urinary 17-hydroxycorticosteroids (17-OHS/Cr) excretion (normal range 3—-10 mg/24 hours
for males and 2—-6 mg/24 hours for females). The pituitary source of ACTH secretion was
evaluated by early-morning ACTH and cortisol levels to assess diurnal rhythmicity; an 8-mg
overnight high-dose dexamethasone suppression test (HDDST); corticotropin-releasing
hormone (CRH) stimulation testing; and MRI of the pituitary gland. Patients with
suppression of cortisol levels on HDDST, CRH-induced elevation of ACTH and cortisol
levels, and with MRI evidence of a pituitary adenoma received a diagnosis of CD.33 A
confirmatory IPSS procedure with CRH stimulation was performed in all patients (n = 16),
except where HDDST and CRH stimulation testing were concordant, and MRI demonstrated
a distinct adenoma > 6 mm.

MRI

Following confirmation of ACTH-dependent endogenous hypercortisolism, patients
underwent preoperative pituitary MRI with precontrast T2-weighted, postcontrast 3D-GRE,
and postcontrast FLAIR sequences. Contrast injection and 3D-GRE acquisition were
simultaneously initiated, and the 3D-GRE scan acquisition time was 3 minutes. The IPSS
was performed in cases in which preoperative testing was not completely congruent as a
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confirmatory investigation. The MRI of the pituitary gland was performed in all patients
before TSS; MRI slices in coronal and sagittal orientations were obtained using a 1-mm 3D-
GRE (TR 9.6 msec, TE 2.3 msec, 12-cm field of view) sequence as previously described,3’
and a 3-mm FLAIR sequence was also performed. Contiguous 1-mm-thick coronal slices
were acquired for 3D-GRE sequences. Coronal FLAIR scans were performed using the
following parameters: TR 9000 msec, TE 95 msec, and a 12-cm field of view for which
contiguous 3-mm slices were obtained. Images were obtained on 1.5- and 3-T MRI
machines (Table 1). Based on a previous study, we believe that optimal FLAIR sequence
capture is 30—60 minutes after contrast injection.®

Surgical Intervention

All patients were taken to the operating room for resection of their pituitary adenoma via a
microscopic sublabial submucosal transsphenoidal approach in which a dissection based on
the presence of a pseudocapsule was performed by a single surgeon (P.C.).36 Diagnosis of
CD was ultimately confirmed by histopathological examination of surgical specimens. Early
remission from CD was defined as postoperative hypocortisolemia (morning serum cortisol
< 5 ug/dl) within 5 days.24

Data Capture and Analysis

Two experienced radiologists (N.P. and J.S.) reviewed the coronal postcontrast 3D-GRE and
postcontrast FLAIR images blindly and independently of each other by using a randomized
patient list on 2 different days. The first radiologist (N.P.) assessed 3D-GRE followed by
FLAIR sequences. To improve data capture and analysis, the order of MRI sequences was
randomized for our second neuroradiologist (J.S.). Both radiologists recorded the presence,
size, and location of lesions—hypointensities on postcontrast 3D-GRE, and hyperintensities
on postcontrast FLAIR sequences. In instances in which findings were equivocal, adenomas
were characterized as “possible” (Table 1). These findings were then compared with the
surgical findings of the neurosurgeon, which were recorded graphically in the handwritten
postoperative record of the pituitary gland denoting the size and location of the adenoma.
Histopathology results were then examined, and location concordance of ACTH-positive
pituitary adenomas to the imaging and/or surgical findings was noted. A true-positive MRI
finding of adenoma was assigned only if the histopathological finding of an ACTH-positive
adenoma was location concordant with the imaging findings. Absence of this concordance
led to false-positive or false-negative designations. A blinded analysis of histopathological
findings to assess for differences in tissue cohesiveness and vascular density in pituitary
adenomas was performed by an experienced neuropathologist (A.R.).

Statistical Analysis

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value were
calculated by comparing the imaging sequence data to the location-concordant
histopathological finding as the gold standard. For purposes of statistical analysis, cases with
equivocal radiological findings were classified as negative.

Statistical significance was determined by unpaired t-test using the GraphPad Prism version
6.0 software program when comparing workup endocrinology laboratory values and clinical
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data for FLAIR-positive and -negative patient groups. Fisher’s exact test was performed
when comparing tissue cohesiveness and vascular density for FLAIR-positive and -negative
patient groups. A p value of 0.05 was used to assess statistical significance. An outlier
analysis was performed using the robust regression and outlier removal (or ROUT) method,
with a maximum false discovery rate (or Q) set at 1%. Outliers identified using this method
were discarded.

The degree of observed agreement between the 2 radiologists was determined by cross-
tabulating radiological results. A kappa value was calculated using previous guidelines.14
For interpretation, we used the following ranges: kappa values from 0.0 to 0.2 indicated
slight agreement, 0.21 to 0.40 indicated fair agreement, 0.41 to 0.60 indicated moderate
agreement, 0.61 to 0.80 indicated substantial agreement, and 0.81 to 1.0 indicated almost-
perfect or perfect agreement.14

Demographic Data

Twenty-three consecutive patients (9-58 years old, 16 females and 7 males) were included
in this study. Adrenocorticotropic hormone—dependent hypercortisolemia was demonstrated
in all individuals with the following findings: 1) elevated 24-hour UFC (mean 694.5

+ 1335.2 pg/24 hours, normal range 1.4-20 pg/24 hours for 3- to 8-year-olds, 2.6-37 pg/24
hours for 9- to 12-year-olds, 4.0-56 g/24 hours for 13- to 17-year-olds, and 3.5-45.0 ug/24
hours for > 18-year-olds); 2) elevated midnight serum cortisol (mean 22 + 13.4 ug/dl,
normal range < 7.5 pg/dl); and 3) lack of suppression of midnight plasma ACTH (mean 48.2
+ 29.5 pg/ml, normal range 5-46 pg/ml) (Table 1).

Radiological Results

On postcontrast 3D-GRE, adenomas were detected as lesions that were hypointense
compared with the surrounding normal pituitary parenchyma.3” On postcontrast FLAIR, the
lesions were hyperintense, presumably due to delayed contrast washout.28 We first
compared the standalone accuracy of 3D-GRE and FLAIR sequences in detecting pituitary
microadenomas.

In the 23 patients (24 tumors) screened with 3D-GRE MRI sequence, 3 macroadenomas (>
10 mm), 10 distinct microadenomas, and 6 possible microadenomas were reported (Table 1).
In 1 patient, 2 pituitary adenomas were found (Cases 9a and 9b); of those, 3D-GRE detected
1 adenoma. Using 3D-GRE images, the radiologist’s read was true positive in 18/24 (75%)
(location-concordant, histopathologically confirmed pituitary adenomas); false negative in
4/24 (17%; MRI-negative CD); and false positive in 1/24 (4%) cases. Using postcontrast
FLAIR sequence only, the radiologist’s read was true positive in 12/24 (50%), false negative
in 10/24 (42%), and false positive in 1/24 (4%) cases. These results confirm the superiority
of 3D-GRE as a stand-alone imaging modality. Overall, of the 24 pituitary adenomas, 18
(75%; sensitivity 82%, PPV 95%) were found on 3D-GRE, and 12 (50%; sensitivity 55%,
PPV 92%) were correctly identified on FLAIR. The stand-alone specificity of 3D-GRE and
FLAIR was similar (50%).
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Because cysts may appear hyperintense on postcontrast FLAIR due to increased fluid
content or contrast accumulation, 1948 T2-weighted sequences were used to screen for cysts
within the pituitary gland or the adenoma (Fig. 1). We then tested the utility of FLAIR as a
complementary tool to 3D-GRE. Interestingly, all 5 patients with negative 3D-GRE MRI
displayed a distinct focus of FLAIR enhancement (Fig. 2). Four of those 5 cases (80%) had
location-concurrent positive histopathological findings and achieved postsurgical
biochemical remission. The remaining patient did not achieve remission from CD despite
subtotal hypophysectomy. No intraoperative tumor was found; therefore a subtotal
hypophysectomy was performed that did not include the FLAIR hyperintensity on the left
superior aspect of the pituitary gland (Fig. 3). This patient’s histopathology report was
negative for ACTH-positive pituitary adenoma (Table 1; Case 7).

The interobserver agreement for adenoma detection using 3D-GRE sequences was moderate
(x = 0.59) between our 2 independent neuroradiologists. Compared with N.P., J.S. identified
2 additional 3D-GRE lesions, 1 of which was location concordant. We believe that an
increase in positive reads between the neuroradiologists could reflect confirmation bias due
to the established diagnosis of CD. Interestingly, there was a significant overlap for patients
whose 3D-GRE screenings were negative but who had a positive FLAIR. Both radiologists
identified Cases 7, 9b, and 11 as 3D-GRE negative and FLAIR positive. Our second
radiologist (J.S.) identified an additional 3D-GREnegative and FLAIR-positive lesion that
was not location concordant. When assessing FLAIR by itself, the interrater variability
showed a fair agreement (x = 0.32), illustrating the need to develop further strategies to
standardize acquisition and interpretation of postcontrast delayed FLAIR in pituitary
imaging.

Surgical Treatment and Outcome

All 23 patients underwent TSS. For 2 patients, the surgeon failed to identify a pituitary
adenoma in the surgical field (Table 1; Cases 7 and 10). Both of these patients had
preoperative testing including IPSS results consistent with CD (Supplemental Table 1). In
Case 7, because the suspected adenoma was not localized on the 3D-GRE screening MRI, a
subtotal hypophysectomy?26:34.42 was therefore performed, during which 75% of the anterior
pituitary was removed. Histopathological investigation failed to reveal an ACTH-containing
pituitary adenoma, and the patient did not achieve biochemical remission. Because subtotal
hypophysectomy is typically the final surgical intervention directed at the sella in CD, the
patient did not receive an additional TSS. In retrospect, the resection did not include the
region of FLAIR hyperintensity (Fig. 3). In Case 10, although no tumor was found during
surgery, the patient underwent a subtotal hypophysectomy, which led to postsurgical
remission. Histopathological investigation confirmed the presence of an ACTH-secreting
adenoma within the submitted hypophysectomy specimen. Two other patients did not
achieve remission from CD due to residual tumor—one with a macroadenoma with invasion
of cavernous sinus and sphenoid bone (Case 18), and the second patient (Case 22) with a
microadenoma and significant invasion of the dura and extension of the tumor into the right
cavernous sinus.
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For all other cases (19 patients, 20 adenomas), a location-concordant (with either 3D-GRE
or FLAIR findings), histopathologically proven pituitary adenoma was found. As previously
reported, in 1 patient, 2 pituitary adenomas were found with different imaging characteristics
upon reviewing 3D-GRE versus FLAIR sequences (Table 1; Cases 9a and 9b).28 This patient
initially underwent TSS on the left side of the pituitary gland due to a positive 3D-GRE MRI
finding. Due to lack of biochemical remission and histopathological findings revealing null-
cell adenoma, the patient returned to the operating room for an early reoperation on
postoperative Day 7. A second pituitary adenoma was found on the right side, corresponding
to hyperintensity on postcontrast FLAIR imaging. This adenoma was subsequently
confirmed by histopathological investigation as an ACTH-secreting adenoma, and laboratory
data confirmed remission of CD.

Determinants of FLAIR Hyperintensity

We then compared the preoperative laboratory test values for patients with FLAIR-positive
(n = 13) and FLAIR-negative (n = 11) adenomas. We found a statistically significant
elevation of midnight ACTH in the FLAIR-positive group (63.08 pg/ml vs 34.72 pg/ml,
difference between means —8.35 + 11.49 pg/ml, 95% CI —-52.40 to —4.308 pg/ml; p = 0.02).
Despite increased plasma ACTH levels, we found no difference in the UFC (957.6 pg/24
hours vs 383.5 ug/24 hours, p = 0.30) and midnight cortisol (26.58 pg/dl vs 16.97 ug/dl, p =
0.08) (Fig. 4). Similarly, no statistically significant difference was found between the 2
groups in their responses to CRH-stimulation testing (cortisol: 134.4% vs 82.97%, p = 0.22;
ACTH: 323.4% vs 215.4%, p = 0.39) or response to HDDST (-43.31% vs —73.75%, p =
0.07). We then tested whether delay (mean 21.24 + 6.9 minutes, range 11-33 minutes) in
acquisition of FLAIR imaging following intravenous contrast injection affected the
appearance of lesions as hyperintensities on FLAIR sequences. We found no difference
(21.92 minutes vs 21.73 minutes, p = 0.95) between the 2 groups (Supplemental Table 1).
The patients had no difference in age (33.4 years vs 26 years, p = 0.26), sex (61.5% female
vs 81.8% female, p = 0.29), time from onset of CD (55.6 months vs 23.3 months, p = 0.12),
or tumor volumes (780.1 mm3 vs 87.4 mm3, p = 0.26). Results from blinded analysis of
histopathological findings did not reveal significantly increased vasculature (p = 1) or
decreased tissue cohesiveness (p = 1) in the FLAIR-positive when compared with the
FLAIR-negative group.

Discussion

Accurate diagnosis of CD requires a stepwise approach of laboratory evaluations and
imaging studies.33 In patients found to have ACTH-dependent Cushing’s syndrome, an MRI
study of the pituitary with contrast administration is performed. The MRI findings may be
negative for up to 20%-50% of patients with CD,28 with localization of microadenoma
leading to less extensive exploration34 and arguably improved outcomes.241 Microadenomas
are typically visualized with a gadolinium-based agent as hypointense lesions on early
postcontrast imaging.® The 3D-GRE3748 and dynamic imaging protocols may improve
sensitivity compared with conventional spin echo imaging by optimizing early postcontrast
imaging to maximize this difference in contrast uptake.11:45 Conversely, pituitary tumors
may retain contrast longer than normal pituitary parenchyma.?19.20 Because MR imaging—
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invisible adenomas in CD are small (< 5 mm),17 sensitive imaging modalities are needed to
detect retained contrast. Postcontrast FLAIR imaging is a sensitive modality for extraaxial
contrast enhancement in numerous intracranial pathological entities, including
leptomeningeal metastases, meningitis, and subdural hematomas.122% We have previously
reported the utility of postcontrast FLAIR in detecting pituitary adenoma (Table 1; Cases 9a
and 9b), presumably due to delayed contrast washout.28

In this report, although FLAIR imaging had a significantly lower sensitivity compared with
3D-GRE (82% vs 55%), the true value of FLAIR may be as a complementary tool to 3D-
GRE. All 5 patients with negative findings on 3D-GRE MRI in this series displayed a
distinct focus of FLAIR enhancement (Fig. 2). In 4 of them, an adenoma was found during
surgical exploration and was confirmed by histopathological examination. The region of
FLAIR hyperintensity was not included in the resected specimen in the 1 patient with
persistent hypercortisolism after hemihypophysectomy for which histopathological findings
were negative, as expected (Table 1; Case 7). In addition, when comparing radiological
results between our 2 neuroradiologists, there was a significant overlap for cases that were
3D-GRE negative but FLAIR positive (Cases 7, 9b, and 11).

With evidence from this case series, we propose to add FLAIR sequences to the current
diagnostic imaging protocol for CD (Fig. 5). Acquisition of 3D-GRE and T2-weighted
images will allow identification and screening of cystic and necrotic regions. Addition of
FLAIR sequences could supplement detection of occult adenomas in CD. If validated in
larger studies, FLAIR imaging could complement 3D-GRE or dynamic imaging prior to
invasive testing such as IPSS.30:43.44 Sych a strategy is feasible, considering the very low
incidence (< 3.3%) of so-called incidentalomas in CD,16:28:39.40 compared with up to 30%
found in the general population.1:13:31 Although there was an apparent disagreement in
FLAIR sequence results between the 2 radiologists, this highlights the need for further
standardization of reading techniques as well as protocol. We are now designing a new
clinical protocol to address this and hope to be performing a prospective blinded study.

The biological phenomenon underlying the delayed postcontrast retention in some adenomas
is uncertain. We did find elevated plasma ACTH levels in patients with FLAIR-positive
lesions (Fig. 4). The significance of these findings remains unknown. No other historical
(time of onset of CD), structural (tumor volume), or biochemical differences were found
between groups. Histopathological correlates of FLAIR-positive lesions are currently
unknown. Although pituitary adenomas tend to have a lower total microvascular volume
when compared with normal pituitary,%” the tumor vessels tend to be larger.38 The difference
in the size of vasculature38 may underlie increased contrast retention?2:27 in adenomas
detected on FLAIR images. Alternatively, the FLAIR-positive signal may come from
distortion of the tissue architecture of microadenomas. The FLAIR-positive microadenomas
may possess looser interstitium, causing a delayed washout of contrast that is seen as
increased enhancement on imaging. Results from our blinded analysis of histopathological
findings, however, did not reveal significantly increased vasculature or decreased tissue
cohesiveness in FLAIR-positive when compared with the FLAIR-negative group, suggesting
other potential underlying biological phenomena.
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Conclusions

This study suggests that delayed contrast washout in microadenomas may be detected as
FLAIR hyperintensity in otherwise MRI-negative CD cases. We propose adding postcontrast
FLAIR sequences to complement high-resolution 3D-GRE for surgical planning in patients
with CD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ACTH adrenocorticotropic hormone
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FIG. 1.
Noncontrast T1-weighted (A and E) and T2-weighted images (B and F) were useful in

detecting pituitary (B, white arrowhead) and intratumoral (F, white arrowhead) cysts.
Corresponding regions were hyperintense on postcontrast FLAIR images (white arrowheads
in D and H), whereas they were isointense on precontrast FLAIR images (C and G).
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Case 20 & Case 20

FIG. 2.
Volumetric spoiled gradient—recalled acquisition in the steady state, a 3D gradient echo

technique, fails to demonstrate a pituitary microadenoma (A). The T2-weighted sequence is
also negative and rules out any cystic or necrotic areas of the pituitary gland (B).
Postcontrast FLAIR image reveals marked contrast enhancement in the ACTH-positive
adenoma in the far-right lateral aspect of the gland (C, white arrowhead).
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FIG. 3.
Postcontrast 3D-GRE image fails to demonstrate a pituitary adenoma (A). Delayed

postcontrast FLAIR image reveals marked contrast enhancement in the left aspect of the
gland (B, white arrowhead). Resection did not include the hyperintense area on the FLAIR
image, as shown by the delineation of the subtotal hypophysectomy (dotted line). The
surgical specimen did not contain pituitary adenoma, and the patient did not achieve
remission from CD.
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FIG. 4.
Graphs showing comparisons of FLAIR-positive versus FLAIR-negative images for tumor

volume (A), time to acquisition of FLAIR images following intravenous contrast injection
(B), midnight cortisol (C), and midnight ACTH (D). Horizontal bars represent the mean +
SD. *p < 0.05. Figure is available in color online only.
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Biochemical confirmation of
ACTH dependent hypercortisolemia

/

Pituitary MRI with pre contrast T2W and

post contrast 3D-GRE sequences \we"“ﬁed
Surgery for resection
/ of adenoma
Post contrast pituitary FLAIR sequence denoma identified

No adenoma identified

Inferior petrosal sinus sampling with |
CRH stimulation ‘

FIG. 5.
Flow chart showing potential pituitary imaging protocol for CD. Patients with biochemical

workup suggestive of CD first undergo pituitary MRI with precontrast T2-weighted (T2W)
and postcontrast 3D-GRE sequences. We propose adding a postcontrast FLAIR sequence
(gray box) for patients who were screened with T2-weighted and postcontrast 3D-GRE
sequences, and in whom no adenomas were identified. The T2-weighted sequences assist in
detecting cysts that may also appear hyperintense on postcontrast FLAIR imaging.
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