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Purpose: To assess the usefulness of contrast-enhanced 3D STIR FLAIR imaging for evaluation of pituitary
adenomas.

Methods: Patients with pituitary adenomas underwent MR examinations including contrast-enhanced 3D STIR
FLAIR and 2D T1-weighted (T1W) imaging. We subjectively compared the two techniques in terms of 10 cate-
gories. In addition, images were rated by side-by-side comparisons into three outcomes: 3D STIR FLAIR imaging
superior, equal, or 2D T1W imaging superior. Additionally, the added value of 3D STIR FLAIR imaging for ad-
enoma detection over conventional MR imaging was assessed.

Results: Twenty-one patients were included in this study. 3D STIR FLAIR imaging offered significantly better
images than 2D T1W imaging in terms of three categories, including overall visualization of the cranial nerves in
the cavernous sinus (mean 4.0 vs. 2.8, p < 0.0001), visualization of the optic nerves and chiasm (mean 4.0 vs.
2.6, p < 0.0001), and severity of susceptibility artifacts (mean 0.0 vs. 0.4, p = 0.004). In the side-by-side
comparison, 3D STIR FLAIR imaging was judged to be significantly superior to 2D T1W imaging for overall
lesion conspicuity (62% vs. 19%, p = 0.049) and border between the adenoma and the pituitary gland (67% vs.
19%, p = 0.031). The addition of 3D STIR FLAIR imaging significantly improved the adenoma detection of
conventional MR imaging.

Conclusion: 3D STIR FLAIR imaging improved overall lesion conspicuity compared to 2D T1W imaging. We
suggest that 3D STIR FLAIR imaging is recommended as a supplemental technique when pituitary adenomas are
invisible or equivocal on conventional imaging.

1. Introduction

MR imaging has emerged as the modality of choice for standard
diagnostic imaging of pituitary adenomas, which requires high spatial
and contrast resolution. Contrast-enhanced T1-weighted (T1W) imag-
ing, including conventional and dynamic imaging, plays an important
role in the evaluation of pituitary adenomas and surrounding structures.
Conventional 2D spin echo (SE) T1W imaging is commonly used as non-
dynamic contrast-enhanced imaging, while dynamic imaging can visu-
alize pituitary adenomas that are not visible on conventional TIW im-
aging [1]. Despite advancements in dynamic imaging, this technique has
several drawbacks. Even with dynamic imaging, small microadenomas
can be easily missed due to the tumor size and limited spatial resolution

of the MR scanner [2]. Another disadvantage is the relatively low
contrast between the tumor and the normal pituitary gland [2]. Addi-
tionally, the border between adenoma and normal pituitary gland in
some cases may be ill-defined, which can make it difficult to detect
microadenomas.

3D gradient echo (GRE) T1W imaging has been an alternative,
providing improved spatial resolution and soft tissue contrast [3,4]. 3D
GRE sequences yield isotropic volume data and thinner section images
in arbitrary directions. However, these sequences have two main dis-
advantages: susceptibility artifacts and high signal in vessels. Suscepti-
bility artifacts are usually observed at the interface between the sella
and sphenoid sinus, which may mimic or obscure pituitary lesions. A
high signal in vessels, caused by a short TE, is seen in the cavernous sinus

Abbreviations: TIW, T1-weighted; SE, spin echo; GRE, gradient echo; TSE, turbo spin echo; CSF, cerebrospinal fluid; T2W, T2-weighted; SNR, signal-to-noise ratio;
CNR, contrast-to-noise ratio; SIR, signal intensity ratio; ROI, region of interest; SI, signal intensity; SD, standard deviation; CI, confidence interval; BBB, blood-brain

barrier; MIP, maximum intensity projection; MPR, multiplanar reconstruction.
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and internal carotid artery. This can make it difficult to accurately
interpret enhanced lesions within the cavernous sinus [5].

Currently, 3D turbo spin echo (TSE) with variable flip angles is an
emerging technique for the evaluation of pituitary lesions [5-7]. This
sequence has the potential to provide isotropic thin sections and reduce
susceptibility artifacts [6,7]. 3D STIR FLAIR imaging is a type of 3D TSE
inversion recovery imaging that uses two different inversion pulses to
suppress fat as well as cerebrospinal fluid (CSF). Although 2D STIR
FLAIR imaging was used for the evaluation of optic neuritis [8], 3D STIR
FLAIR imaging, to the best of our knowledge, has not been used for the
evaluation of pituitary adenomas. We aimed to assess the usefulness of
contrast-enhanced 3D STIR FLAIR imaging for evaluating pituitary
adenomas.

2. Materials and methods
2.1. Patients

We reviewed 78 consecutive patients with clinically suspected pi-
tuitary lesions who underwent MR imaging between June 2020 and July
2021. We included patients diagnosed with pituitary adenomas. Patients
were excluded if the image quality was insufficient for image interpre-
tation. The present study was approved by the Institutional Review
Board of our institution. We obtained written informed consent for the
procedures and opt-out consent for the use of retrospective clinical data
from all patients.

2.2. MR imaging

MR examination was performed in all patients using a 3 Tesla
scanner (Elition, Philips Medical Systems, Best, The Netherlands) with a
32-channel head coil. The MR examination consisted of the following
imaging: non-enhanced conventional 2D T2-weighted (T2W) and T1W
imaging in the coronal plane, enhanced conventional 2D T1W imaging
(performed initially in the coronal plane, followed by the sagittal plane),
and pre- and post-contrast 3D STIR FLAIR imaging. After pre-contrast 3D
STIR FLAIR imaging, enhanced conventional 2D T1W (coronal and
sagittal) imaging and post-contrast 3D STIR FLAIR imaging were per-
formed, where we alternated the order of the two sequences by rotation
to avoid timing bias after contrast injection. Table 1 describes the pa-
rameters of the 3D STIR FLAIR and the conventional coronal 2D T1W
imaging. Sagittal 2D T1W imaging was acquired using the same pa-
rameters as coronal 2D T1W imaging, except for the acquisition plane.

Table 1
Parameters of 3D STIR FLAIR and 2D T1W imaging.

3D STIR FLAIR

Conventional 2D T1W

imaging imaging
Acquisition plane Coronal Coronal
Fat suppression STIR SPIR
TR/TE (ms) 6000/425 477/10
TI (ms) 250/2450 -
Variable flip angle (°) Min 10, Mid 100, Max

100
Flip angle (°) - 90
TSE factor 80 5
Matrix size 200 x 200 268 x 227
FOv (mmz) 180 x 180 180 x 180
Acquisition voxel size 0.9 x 0.9 0.7 x 0.8

(mm?)
Reconstruction voxel size 0.4 x 0.4 0.4 x 0.4
(mm?)

Slice thickness, gap (mm) 0.9, — 0.45 3,0.3
Number of slices 120 15
Bandwidth (Hz/pixel) 932 393
Compressed SENSE factor 4.5 1
Number of excitations 1 2
Acquisition time (min:s) 4:42 2:28
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Post-contrast imaging was started at approximately 2 min 30 s after
intravenous injection of gadolinium-HP-DO3A (Gadoteridol) at a single
0.2 mL/kg (0.1 mmol/kg) dose.

2.3. Imaging analysis

We conducted both subjective and objective analyses of 3D STIR
FLAIR and 2D T1W imaging. For the subjective analyses, all images were
reviewed independently by two board-certified radiologists (I. O. and K.
N.) who were blinded to the clinical information in random order. Any
discrepancies between the readers were resolved through discussion
until a consensus was reached. MR imaging review was performed in
two sessions.

In the first session, we conducted subjective analysis by comparing
the following 10 categories between post-contrast 3D STIR FLAIR and
conventional coronal 2D T1W imaging, partially adapted from Kakite
et al. [4]: 1) overall lesion conspicuity; 2) border between the adenoma
and pituitary gland; 3) border between the adenoma and cavernous
sinus; 4) border between the pituitary gland and cavernous sinus; 5)
visualization of the pituitary stalk; 6) overall visualization of the cranial
nerves in the cavernous sinus; 7) visualization of the optic nerves and
chiasm; 8) severity of susceptibility artifacts from the interface between
the sphenoid sinus and sella; 9) severity of pulsation artifacts from the
internal carotid arteries; and 10) severity of CSF flow artifacts in the
cistern. Categories 1-7 were graded according to a 5-point scale: 0 =
non-diagnostic, 1 = poor, 2 = fair, 3 = good, and 4 = excellent. Cate-
gories 8-10 were assessed according to a 3-point scale: 0 = artifacts are
absent, 1 = artifacts are present but do not affect image interpretation,
and 2 = artifacts are present and affect image interpretation. In addition,
the appearance of the cavernous sinus on post-contrast 3D STIR FLAIR
imaging was classified by signal intensity (SI) compared with
pre-contrast images into three groups: mostly low, mostly high, and
mixed (low and high).

In the second session, each reader individually compared post-
contrast 3D STIR FLAIR and coronal 2D T1W imaging side-by-side,
and divulged their overall preferred sequence for the three categories
as follows: overall lesion conspicuity, border between the adenoma and
pituitary gland, and border between the adenoma and cavernous sinus.
Each category was divided into three outcomes: 3D STIR FLAIR imaging
superior, equal, and 2D T1W imaging superior.

Additionally, the added value of post-contrast 3D STIR FLAIR im-
aging was evaluated for adenoma detection by another board-certified
radiologist (Y.H.) over two sessions. In the first session, the experi-
enced radiologist reviewed the conventional MR imaging (non-contrast
2D T2W and T1W imaging plus enhanced coronal 2D T1W imaging)
alone, and scored their confidence level regarding whether pituitary
adenoma was present using a 5-point scale. The 5-point confidence scale
was defined as follows: 0 = definitely no pituitary adenoma, 1 = prob-
ably no pituitary adenoma, 2 = equivocal, 3 = probably pituitary ade-
noma, and 4 = definitely pituitary adenoma. In the second session, the
radiologist reviewed post-contrast 3D STIR FLAIR imaging along with
conventional MR imaging, and rescored the confidence level using the
same 5-point scale.

Objective analysis was performed by measuring the SI ratio (SIR) in
predefined regions of interest (ROIs). The ROI analysis was indepen-
dently conducted by the two board-certified radiologists using the
workstation Synapse VINCENT version 5.2 (Fuji Film, Tokyo, Japan),
and the quantitative data obtained by the two radiologists were pre-
sented as means and standard deviations (SD). We compared the SIR
between pre- and post-contrast 3D STIR FLAIR images. A freehand ROI
was drawn in the pituitary adenoma (mean 74 mm?, range 7-441 mm?2),
pituitary gland (mean 33 mm?, range 13-79 mm?), or pituitary stalk
(mean 8 mmz, range 4-16 mmz), while an ovoid ROI (20 mmz) was
placed in the temporal while matter. SIR was calculated as follows:
SIRAdenoma-wM = SIadenoma/SIwm, SIRpit-wm = Slpit/SIwm, and SIRpit stalk-
wM = SIpit.stalk/SIwM- SIadenomas SIpit, SIpit.stalk, and SIwy were the mean
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SIs of the pituitary adenoma, pituitary gland, pituitary stalk, and white
matter, respectively.

2.4. Statistical analysis

For the subjective analysis, the Wilcoxon signed-rank test was used to
assess statistical differences between 3D STIR FLAIR and 2D T1W im-
aging. The differences among confidence level scores for adenoma
detection was evaluated using the same statistical test. For the objective
analysis, a paired t-test was used to assess the statistical differences
between pre- and post-contrast 3D STIR FLAIR imaging. Gwet’s AC1 and
the intraclass correlation coefficient (ICC) (3, 1) were used as indices of
inter-reader reliability. Gwet’s AC1 was used instead of assessing
Cohen’s kappa because this method overcomes the limitation of kappa
being sensitive to trait prevalence and marginal probability [9]. ICC (3,
1) was estimated using a two-way random effects model of consistency
for a single observation. AC1 and ICC values were interpreted according
to the following classifications by Landis and Koch [10]: < 0, indicating
no agreement; 0-0.20, slight agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and
0.81-1, almost perfect agreement. Two-tailed p values less than 0.05
were considered statistically significant. All statistical calculations were
conducted using the statistical computing language R (version 4.0.5;
http//www.r-project.org/).

3. Results
3.1. Patients

Twenty-one patients with pituitary adenomas were included, and
none met the exclusion criteria. The patient cohort included 8 men and
13 women, with an average age of 50 years (range, 22-74 years). There
were 8 (38%) patients with prolactinoma, 6 (29%) with nonfunctioning
adenoma, 4 (19%) with Cushing’s disease, and 3 (14%) with acro-
megaly. Of the 21 cases, 16 (76%) had pituitary microadenoma. Pitui-
tary adenomas were diagnosed radiologically and clinically (n = 14) or
histologically (n = 7). Post-contrast imaging was performed in the
following order: 3D STIR FLAIR imaging first (n = 9) and 2D T1W im-
aging first (n = 12).

3.2. Subjective analysis

Table 2 shows the summary results of the scores from the comparison
of 10 categories between 3D STIR FLAIR and 2D T1W imaging. Contrast-
enhanced 3D STIR FLAIR imaging offered statistically significantly
better images than 2D T1W imaging with regard to the following cate-
gories: overall visualization of the cranial nerves in the cavernous sinus
(Fig. 1), visualization of the optic nerves and chiasm (Figs. 1, 2, and 3),
and severity of susceptibility artifacts. In addition, 3D STIR FLAIR im-
aging had higher scores for overall lesion conspicuity and border be-
tween the adenoma and pituitary gland, though these were not
statistically significant. The inter-reader reliability was almost perfect
for 3D STIR FLAIR imaging (AC1 = 0.88-1.00) and 2D T1W imaging
(AC1 = 0.86-1.00).

With regard to cavernous sinus appearance, out of the 21 cases, 17
patients were mostly low, one patient was mostly high, and three pa-
tients were mixed (Fig. 4). In the three cases in the mixed group, the
medial venous compartments tended to be high and the lateral venous
compartments tended to be low (Fig. 4b). Inter-reader reliability was
almost perfect (AC1 = 0.84, 95% confidence interval [CI] = 0.62-1.06).

Table 3 shows the summary results for the side-by-side comparisons
between 3D STIR FLAIR and 2D T1W imaging. 3D STIR FLAIR imaging
was judged to be statistically significantly superior to 2D T1W imaging
for overall lesion conspicuity (13/21 [62%] vs. 4/21 [19%], p = 0.049)
and identifying the border between the adenoma and the pituitary gland
(14/21 [67%] vs. 4/21 [19%], p = 0.031). In addition, 3D STIR FLAIR
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Table 2
Subjective comparison of 10 categories between 3D STIR FLAIR and 2D T1W
imaging (n = 21).

Scores AC1 (95%
CI)
3D STIR 2D T1IW p value 3D STIR 2D T1IW
FLAIR imaging FLAIR imaging
imaging imaging
Overall lesion 3.2+ 2.7 + 0.145 0.98 0.99
conspicuity 1.2 0.6 (0.96-1.00) (0.97-1.01)
Border between 31+ 25+ 0.101 0.98 0.97
the adenoma 1.2 0.7 (0.95-1.01) (0.94-1.00)
and pituitary
gland
Border between 3.2+ 3.2+ 0.758 0.95 0.95
the adenoma 1.2 0.9 (0.91-0.99) (0.89-1.01)
and
cavernous
sinus
Border between 21+ 3.3+ 0.001 0.88 0.96
the pituitary 1.1 0.8 (0.79-0.97) (0.94-0.99)
gland and
cavernous
sinus
Visualization of 3.9+ 3.7 + 0.500 1.00 0.99
the pituitary 0.3 0.7 (0.99-1.00) (0.98-1.00)
stalk
Overall 4.0 £ 2.8 + < 0.99 0.97
visualization 0.2 0.5 0.0001 (0.97-1.00) (0.94-1.00)
of the cranial
nerves in the
cavernous
sinus
Visualization of 4.0 £ 2.6 + < 0.98 0.86
the optic 0.2 0.5 0.0001 (0.97-1.00) (0.77-0.95)
nerves and
chiasm
Severity of 0.0 + 0.4 + 0.004 1.00 0.95
susceptibility 0.0 0.5 (1.00-1.00) (0.89-1.02)
artifacts
Severity of 0.0 + 0.0 £ NA 1.00 1.00
pulsation 0.0 0.2 (1.00-1.00) (1.00-1.00)
artifacts
Severity of CSF 0.0 + 0.0 £ NA 1.00 1.00
flow artifacts 0.0 0.0 (1.00-1.00) (1.00-1.00)

The scores represent mean + standard deviation. NA not applicable, CI confi-
dence interval.

imaging, although not statistically significant, was superior for identi-
fying the border between the adenoma and the cavernous sinus (12/21
[57%] vs. 4/21 [19%], p = 0.077). Three cases (14%) exhibited donut-
like enhancement along the inner margin of the tumor on 3D STIR FLAIR
imaging, but not on 2D T1W imaging (Fig. 3). The inter-reader reliability
was almost perfect for overall lesion conspicuity (AC1 = 1.00, 95% CI =
1.00-1.00), identifying the border between the adenoma and the pitu-
itary gland (AC1 = 1.00, 95% CI = 1.00-1.00), and identifying the
border between the adenoma and the cavernous sinus (AC1 = 0.91, 95%
CI = 0.80-1.02).

Table 4 summarizes the comparison results of adenoma detection
between the first and second session. In the second session where post-
contrast 3D STIR FLAIR imaging was added, the confidence level for
adenoma detection was statistically significantly higher than that in the
first session (3.57 + 0.58 vs. 2.57 + 1.00, p < 0.0002).

3.3. Objective analysis

Fig. 5 demonstrates the comparison results of SIR between pre- and
post-contrast 3D STIR FLAIR imaging. The pituitary adenoma showed no
significant difference in SIR between post- and pre-contrast 3D STIR
FLAIR imaging (1.40 + 0.77 vs. 1.34 + 0.43, p = 0.686). On the other
hand, the pituitary gland and stalk showed decreased SIR on post-
contrast 3D STIR FLAIR imaging than pre-contrast imaging (gland:
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Fig. 1. A 40-year-old woman with pituitary adenoma. Post-contrast 2D T1W imaging (a) shows that the adenoma (arrow) is hypointense compared with the pituitary
gland, although the border between the two structures is relatively blurred. The right oculomotor nerve (short arrow) was visible. Post-contrast 3D STIR FLAIR
imaging (b) demonstrates that the adenoma (arrow) appears as a hyperintense lesion with a clear border. Cerebrospinal fluid (CSF) flow artifacts are absent within
the cisterns (asterisks), and the optic chiasm (dotted arrow) was also more conspicuous than that on 2D T1W imaging. The right oculomotor nerve (short arrow),
abducens nerve (long arrow), ophthalmic nerve (small arrowhead), and maxillary nerve (large arrowhead) are more clearly visible than 2D T1W imaging because the
signal intensity (SI) of the cavernous sinus is lower than that of pre-contrast imaging (c, arrowheads). Of note, on pre-contrast 3D STIR FLAIR imaging (c), the
pituitary gland (arrow) and cavernous sinus (arrowheads) show hyperintensity, and both show decreased signal on corresponding post-contrast imaging (b).

Fig. 2. A 38-year-old woman with pituitary adenoma. On conventional 2D T1W imaging (a), the adenoma is less conspicuous, with the blurred border between the
adenoma and pituitary gland. In contrast, post-contrast 3D STIR FLAIR imaging (b) reveals that the adenoma (arrow) is more conspicuous with a sharply demar-

cated border.

cyst.

0.71 + 0.28 vs. 1.37 £+ 0.20, p < 0.0001; stalk: 1.14 + 0.39 vs. 1.39
+ 0.26, p = 0.012), although the stalk demonstrated some trends with
higher SI compared with the gland. In particular, SIRpjrwnm was
decreased on post-contrast 3D STIR FLAIR imaging in all patients. Inter-
reader reliability was almost perfect for SIRadenoma-wm (pre-contrast:
ICC = 0.91, 95% CI = 0.79-0.96; post-contrast: ICC = 0.91, 95% CI =
0.79-0.96), SIRpi..wm (pre-contrast: ICC = 0.88, 95% CI = 0.73-0.95;
post-contrast: ICC = 0.98, 95% CI = 0.94-0.99), and SIRpjt staik-wm (pre-
contrast: ICC = 0.88, 95% CI = 0.74-0.95; post-contrast: ICC = 0.96,
95% CI = 0.91-0.99).

4. Discussion

3D STIR FLAIR imaging offered better images than 2D T1W imaging

Fig. 3. A 22-year-old woman with pituitary
adenoma. Post-contrast 2D T1W imaging (a)
showed that the cystic adenoma (arrow) is
hypointense without contrast enhancement
compared with the pituitary gland, and the
border between the two structures is relatively
blurred. A thin rim of peripheral enhancement
was not observed unlike with reference [27]
probably because the normal gland was rela-
tively large compared with the cystic lesion.
Post-contrast 3D STIR FLAIR imaging (b)
demonstrated that the adenoma appears as a
hyperintense lesion and has a clear border. Of
note, the adenoma exhibits donut-like
enhancement along the inner margin of the

in terms of three categories: overall visualization of the cranial nerves in
the cavernous sinus, visualization of the optic nerves and chiasm, and
severity of susceptibility artifacts. In addition, 3D STIR FLAIR imaging,
although not statistically significant, had higher scores for overall lesion
conspicuity and identifying the border between the adenoma and the
pituitary gland. In the side-by-side comparison, 3D STIR FLAIR imaging
was judged to be superior to 2D T1W imaging for overall lesion
conspicuity (62% vs. 19%) and identifying the border between the ad-
enoma and the pituitary gland (67% vs. 19%). In addition, the addition
of 3D STIR FLAIR imaging improved adenoma detection over conven-
tional MR imaging.

2D SE T1W imaging, including conventional and dynamic imaging, is
most commonly used for the evaluation of pituitary adenomas on post-
contrast MR imaging. The normal pituitary gland is intensely enhanced
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Fig. 4. The cavernous sinus on 3D STIR FLAIR imaging. Post-contrast 3D STIR FLAIR imaging showed that the cavernous sinus exhibits mostly low (a, arrowheads)
and mixed (b, arrowheads and arrow) signal intensity (SI) compared with corresponding pre-contrast 3D STIR FLAIR imaging (c and d, respectively). Mixed SI
includes hyperintensity in the medial compartment (b, arrowheads) and hypointensity in the other compartments (b, arrow).

Table 3
Subjective comparison between 3D STIR FLAIR and 2D T1W imaging side-by-
side (n = 21).

Overall Border Border
lesion between the between the
conspicuity adenoma and  adenoma and
pituitary cavernous
gland sinus
n % n % n %
3D STIR FLAIR imaging superior 13 62 14 67 12 57
Equal 4 19 3 14 5 24
2D T1W imaging superior 4 19 4 19 4 19
Total 21 100 21 100 21 100

Table 4
Subjective comparison of adenoma detection between the first and second ses-
sion (n = 21).

Second session
(Conventional MR imaging
plus post-contrast 3D STIR
FLAIR imaging)

First session
(Conventional MR
imaging alone)

Scale n n

4 4 13

3 8 7

2 5 1

1 4 0

0 0 0

Mean 2.57 +1.00 3.57 + 0.58 p < 0.0002
scores
+ SD

SD standard deviation.

on post-contrast TIW imaging due to a lack of the blood-brain barrier
(BBB), while pituitary adenoma typically appears as hypointense areas
relative to the normal pituitary gland. Moreover, dynamic imaging has
emerged as a promising tool for the detection of pituitary adenomas,
especially microadenomas. The early phase, during the first 1-2 min
after contrast injection, allows for the differentiation between adenoma
and normal pituitary tissue [11]. In addition, cystic lesions of the pitu-
itary gland typically exhibit no contrast enhancement on post-contrast

T1W imaging [12]. Despite advancements in 2D SE imaging, this tech-
nique has several disadvantages. Even with dynamic imaging, small
microadenomas can be easily missed due to the tumor size and limited
spatial resolution of the MR scanner [2]. Small lesions may be over-
looked on MR images using only the coronal direction [13]. Therefore,
other alternatives have been explored to overcome these limitations,
including T1W imaging using 3D GRE sequences [3,4] and 3D TSE se-
quences with variable flip angles [6].

STIR sequence is a type of inversion recovery sequence that is usually
designed to suppress fat signals by setting an inversion time where the
fat signal is null. STIR image illustrates the additive effects of T1 and T2
contrast. This sequence usually cannot be used as a fat suppression
technique after gadolinium injection because fat suppression with STIR
is not tissue-specific, and gadolinium-containing tissues with a short-
ened T1 in the fat range can also be suppressed. However, gadolinium-
enhanced STIR imaging can provide vascular and background suppres-
sion of peripheral nerves, which improves nerve visualization used for
MR neurography. In particular, 3D STIR imaging allows higher spatial
resolution and isotropic multiplanar reconstruction (MPR) images of
arbitrarily reformatted directions, compared with 2D STIR imaging
[14-16].

FLAIR sequence is an MR sequence with inversion recovery to a null
SI from water. This technique provides greater sensitivity for detecting
subtle T1-shortening induced, for example, by contrast material than
T1W imaging, and has been applied to various intracranial lesions
[17-19]. Pituitary adenomas can be enhanced by post-contrast FLAIR
imaging [20]. Several studies have reported that post-contrast 2D FLAIR
imaging may be useful in detecting otherwise MRI-negative pituitary
microadenomas as foci of hyperintensity [21,22]. In addition,
post-contrast 2D FLAIR imaging can provide better tissue contrast for
stereotactic radiosurgery planning for pituitary tumors [23]. However,
some pituitary adenomas do not show contrast enhancement on FLAIR
imaging [22]. 3D FLAIR imaging offers higher spatial resolution and
fewer CSF flow and pulsation artifacts than 2D FLAIR imaging [24,25].
The 3D sequence allows the reconstruction of image data using various
techniques, including maximum intensity projection (MIP) and MPR
[18,26]. One recent report suggested that contrast-enhanced 3D FLAIR
imaging can be utilized to differentiate Rathke cleft cysts from cystic
pituitary adenomas because the two lesions demonstrated different wall
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Fig. 5. Objective comparison of signal intensity ratio (SIR) between pre- and post-contrast 3D STIR FLAIR imaging. The pituitary adenoma (a) showed no significant
difference in SIR between post-contrast 3D STIR FLAIR imaging and pre-contrast 3D STIR FLAIR imaging, although the tumor tended to show higher signal on post-
contrast imaging compared with pre-contrast imaging. The pituitary gland (b) and stalk (c) demonstrated decreased SIR on post-contrast 3D STIR FLAIR imaging,

although the stalk showed some trends with higher SI compared with the gland.

enhancements [27].

2D STIR FLAIR sequence is a 2D double inversion recovery variant
with null signals from fat and water. One previous report used this
sequence for the evaluation of optic neuritis and showed that CSF flow
artifact, which had high signal intensities in the CSF around the optic
nerves, posed a diagnostic problem [8]. We also noticed that this artifact
affected image interpretation of the pituitary gland and optic nerves
more seriously on 2D STIR FLAIR imaging than on 3D STIR FLAIR im-
aging (data not shown). 3D STIR FLAIR sequence is a variant of 3D
TSE-based double inversion recovery sequences and has the following
potential advantages over 2D STIR FLAIR sequence: higher spatial res-
olution, acquisition of isotropic 3D data set to reconstruct images in
arbitrary directions, and reduced CSF flow artifacts. In the present study,
pituitary adenomas tended to show higher signal on post-contrast 3D
STIR FLAIR imaging compared with pre-contrast imaging, while all of
the pituitary glands had a lower signal on post-contrast 3D STIR FLAIR
imaging compared with pre-contrast imaging, resulting in increased
contrast between the adenoma and the gland.

For the side-by-side comparison, 3D STIR FLAIR imaging showed the
border between the adenoma and the pituitary gland more clearly
compared with conventional 2D T1W imaging. This result may be
explained mainly by the increased contrast between the adenoma and
pituitary gland on 3D STIR FLAIR imaging for the following reasons: 1)
decreased signal of the pituitary gland and 2) relatively high signal of
the adenomas. For the first reason, decreased signal of the pituitary
gland was observed on 3D STIR FLAIR imaging after contrast injection in
all cases. Conventional post-contrast TIW imaging demonstrated
increased contrast enhancement in the pituitary gland compared with
other brain parenchyma because this tissue is not covered by the BBB. In
contrast, on post-contrast 3D STIR FLAIR imaging, the T1 value of the
pituitary gland can reach the null point on the STIR sequence because of
the T1-shortening effect of gadolinium, resulting in suppression of the
pituitary gland.

As for the second reason, the interpretation of SI in the adenomas on
post-contrast 3D STIR FLAIR imaging was complex and was probably
affected by several factors such as imaging sequences, lesion charac-
teristics, and gadolinium concentrations. Post-contrast TIW imaging
usually demonstrates pituitary adenomas with decreased contrast
enhancement compared to the pituitary gland. In contrast, on post-
contrast FLAIR imaging, Kubota et al. described that contrast

enhancement of pituitary adenoma varied from hypo-, iso-, and hyper-
intensity compared with post-contrast TIW imaging [20]. These re-
searchers indicated a close relationship between T2W SI in brain tumors
and FLAIR enhancement. Chatain et al. reported that some pituitary
microadenomas showed hyperintensity on post-contrast FLAIR imaging
with negative findings on 3D GRE T1W imaging [22]. Azuma et al.
indicated that cystic pituitary adenomas demonstrated cyst wall
enhancement more widely than Rathke cleft cysts on post-contrast 3D
FLAIR imaging, while the anterior lobe of the pituitary gland was not
enhanced [27]. In our study, the relatively high signal of the adenomas
may have been caused by post-contrast T1 relaxation time far from that
of fat. Three cases (14%) exhibited donut-like enhancement along the
inner margin of the tumor on 3D STIR FLAIR imaging, but not on 2D
T1W imaging. Azuma et al. reported this enhancement was observed in
50% of cases with cystic pituitary adenomas on contrast-enhanced 3D
FLAIR images and considered it a potential characteristic sign of cystic
pituitary adenomas [27]. Therefore, 3D STIR FLAIR imaging can be
useful for the qualitative diagnosis of pituitary lesions.

Identification of the pituitary stalk is crucial for the surgery of pi-
tuitary lesions to reduce the risk of postoperative diabetes insipidus. In
our study, the pituitary stalk showed decreased SIR on post-contrast 3D
STIR FLAIR imaging than pre-contrast imaging like the pituitary gland,
although the stalk demonstrated some trends with higher SI compared
with the gland. Thus, the pituitary stalk was visualized more clearly than
the gland. Like the pituitary gland, the pituitary stalk lacks the BBB, and
can enhance intensely on TIW imaging. Therefore, SIR of the stalk was
decreased on post-contrast 3D STIR FLAIR imaging than pre-contrast
imaging probably because of T1-shortening effect of gadolinium on
STIR signal. The pituitary stalk showed a relatively intense enhancement
on post-contrast FLAIR imaging, while the pituitary gland was mildly
enhanced [28]. However, unlike contrast-enhanced T1W imaging,
FLAIR enhancement in the pituitary gland can be difficult to recognize
or show subtle changes due to intrinsic T2 prolongation on pre-contrast
FLAIR imaging [28]. Azuma et al. also reported that the pituitary stalk
had contrast enhancement on 3D FLAIR imaging, while the anterior lobe
of the pituitary gland was often unenhanced, probably caused by T2
shortening due to a high gadolinium concentration or the sequence’s
sensitivity to the flow in the hypophyseal portal system [29]. Thus, the
signal difference between the pituitary stalk and the gland on
post-contrast 3D STIR FLAIR imaging may reflect different tissue
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properties.

Our results show that 3D STIR FLAIR imaging is superior to 2D T1W
imaging in depicting the intracavernous segment of the cranial nerves,
as well as the optic nerves and chiasm. Contrast-enhanced 3D STIR
imaging has been used for MR neurography, offering improved visual-
ization of peripheral nerves by vascular and background suppression of
the nerves, as mentioned above. In the present study, improved visual-
ization of the intracavernous segment of the cranial nerves may be
caused by a decreased signal of the cavernous sinus compared to the
cranial nerves. The cavernous sinus is a venous space that is slow-
flowing compared to the internal carotid artery. The internal carotid
artery typically shows flow void because of the high flow on post-
contrast SE T1W imaging, while the cavernous sinus exhibits contrast
enhancement due to slow flow. On pre-contrast 3D STIR FLAIR imaging,
the cavernous sinus demonstrated hyperintensity due to slow flow,
which does not generate a flow void effect, in addition to shorter T2
values of its blood than those of CSF. In contrast, on post-contrast 3D
STIR FLAIR imaging, the cavernous sinus showed a decreased signal
because the T1 relaxation time of blood in vessels will be reduced after
contrast agent administration [14]; therefore, the cavernous sinus
reached the null point of fat on 3D STIR FLAIR imaging. In fact, previous
reports demonstrated that venous signals were decreased on
post-contrast 3D STIR imaging [14], which may support these constel-
lations. This effect can facilitate the visualization of the cranial nerves in
the cavernous sinus. However, 14% (3/21) of the cases in the present
study showed partial hyperintensity of the cavernous sinus on
post-contrast 3D STIR FLAIR imaging, predominantly in the medial
venous compartment (Fig. 4). This phenomenon occurred because the
T1 relaxation time of the cavernous sinus was far from that of fat,
resulting in incomplete suppression of the sinus on post-contrast 3D
STIR FLAIR imaging. Although the exact mechanism remains unclear, it
may depend on various flow or gadolinium concentrations within
different parts of the cavernous sinus based on anatomical variations
[30]. On the other hand, improved visualization of the optic nerves and
chiasm may be achieved by increased contrast between the nerves and
CSF, in addition to reduced CSF flow artifacts. The depiction of these
cranial nerves is helpful for diagnosing cranial neuropathies with
morphological and signal changes by compression of pituitary lesions, as
well as for planning a surgical approach.

There are several limitations to our study. First, our study is a
retrospective evaluation of a limited number of patients. Second, some
adenomas were diagnosed radiologically and clinically. Therefore, the
risk of false-positive or false-negative diagnoses could not be excluded in
the absence of pathological confirmation. False positives may result
from technical artifacts or low image clarity. False negatives can occur if
the SI in the adenomas is decreased, similar to the pituitary gland or
cavernous sinus, which makes it difficult to distinguish between lesions
and adjacent tissues. Third, the radiologic diagnosis of cavernous sinus
invasion by pituitary adenoma is made based on the relationship be-
tween tumors and the internal carotid artery. Identification of the in-
ternal carotid artery is essential for evaluating cavernous sinus invasion.
Post-contrast 3D STIR FLAIR imaging alone may fail to localize the in-
ternal carotid artery because its flow void can obscure interfaces be-
tween this artery and adjacent tissues, and may require pre-contrast 3D
STIR FLAIR imaging.

5. Conclusion

3D STIR FLAIR imaging improved overall lesion conspicuity
compared to conventional 2D T1W imaging. We suggest that 3D STIR
FLAIR imaging is recommended as a supplemental technique when pi-
tuitary adenomas are invisible or equivocal on conventional imaging.
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