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1.5-T MR Imaging of Pituitary
Microadenomas: Technical
Considerations and CT Correlation

Thirty-seven patients with suspected pituitary tumors were evaluated prospectively
with MR imaging at 1.5 T. MR detected a microadenoma at its correct location in all
eight patients who underwent transsphenoidal surgery, while CT showed a focal abnor-
mality in the correct location in only four of the eight patients. In patients who were
clinically and endocrinologically considered to harbor a microadenoma, MR detected a
focal pituitary signal abnormality in 83% and CT demonstrated a focal density abnor-
mality in 42%. Infundibular displacement, focal gland convexity, and sellar-floor abnor-
mality were seen equally well with CT and MR. MR imaging protocol included sagittal
T1-weighted spin-echo, coronal inversion-recovery, and coronal spin-echo or cardiac-
gated spin-echo images.

Although inversion-recovery images were superior in detecting focal pituitary lesions,
some microadenomas were better seen on T2-weighted images. Cardiac-gated spin-
echo images showed focal pituitary lesions better than ungated images did. Our
technique demonstrates MR’s superior sensitivity to CT in detecting a pituitary micro-
adenoma.

CT has been widely used as an imaging method in the detection of pituitary
tumors. High-resolution CT with IV contrast material, axial images with sagittal and
coronal reformatting, and direct coronal imaging have shown the utility of CT in the
imaging of the pituitary gland and its lesions [1-11]. Although indirect signs for the
diagnosis of a pituitary microadenoma such as sellar floor erosion, focal convexity,
and displacement of the infundibulum are well shown by CT, the detection of a
focal hypo- or hyperdense lesion within the pituitary gland is the only statistically
significant indicator of microadenoma [12]. However, microadenomas may reveal
few or no abnormalities on CT [12, 13].

In recent years MR has also been useful in evaluating the pituitary gland [14-
17]. High-resolution MR imaging has shown good results in the diagnosis of pituitary
micro- and macroadenomas. However, in a recent comparative study, CT was
found to be superior to MR in detecting microadenomas [18]. We prospectively
evaluated patients with suspected pituitary tumors with MR and compared the
results with available CT findings. The use of cardiac gated spin-echo and inversion-
recovery techniques in diagnosing pituitary microadenomas was also evaluated.
The imaging data were subsequently compared with clinical, endocrinological, and
surgical data.

Subjects and Methods

Thirty-seven patients with suspected pituitary tumors were examined. Six patients had
intrasellar lesions 10 mm or larger and were diagnosed as having pituitary macroadenomas.
Of the 31 nonmacroadenoma patients (27 women, four men) 22 had increased prolactin and
one had elevated adrenocorticotropic hormone. Amenorrhea, infertility, and/or galactorrhea
were common symptoms in female patients. One male patient with impotence and three male
patients with galactorrhea were found to have elevated prolactin levels (30-500 mg/ml). Two
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patients with headaches were initially evaluated by plain fiims and
were suspected to have enlargement of sella turcica. These patients
were then studied further with CT and MR. In both these patients
and in six others with galactorrhea the pituitary hormone levels and
thyrotropin-releasing hormone stimulation tests were normal.

All patients were evaluated with high-resolution MR studies per-
formed on a 1.5-T GE Signa superconducting system. Imaging was
performed in the sagittal and coronal planes with 3-mm slice thick-
nesses. There was a 0.6-mm gap between the slices. The field of
view was 16 cm and the acquisition matrix was 256 X 128, which
resulted in an in-plane resolution of 0.62 X 1.25 mm. The data were
displayed on a 5122 matrix. Sagittal T1-weighted images were ac-
quired with the spin-echo technique with an echo time (TE) of 20
msec and repetition time (TR) of 800 msec. Coronal variable multiecho
imaging was performed with TE = 20 and 80 msec and TR = 2000
msec. In 21 patients cardiac-gated spin-echo imaging was performed
with an R-wave ECG trigger. Two sets of images were obtained, one
with TE of 20 or 30 msec and the other with TE of 70 or 80 msec.
The TR varied between 2000 to 3000 msec depending on the
patient’s heart rate. In seven patients coronal T2-weighted imaging
was performed both with and without cardiac gating. In 11 patients
additional cardiac-gated spin-echo or inversion-recovery imaging was
performed in the sagittal plane. In 17 patients coronal T1-weighted
images were obtained using a multislice inversion-recovery sequence
with TE of 20 msec, inversion time (Tl) of 800 msec, and TR of 2500.
All acquisitions were performed with two excitations.

High-resolution CT scans were obtained in 14 patients from the
nonmacroadenoma group with a GE 8800 or 9800 scanner. After
obtaining a lateral scout image, rapid high-dose (80 g) meglumine
diatrizoate* was administered IV. Axial contiguous slices through the
pituitary gland were acquired with 1.5-mm collimation. This was
followed by direct coronal images of the pituitary with 1.5-mm colli-
mation. The axial images were reformatted in coronal and sagittal
planes. In addition, eight CT scans in nonmacroadenoma patients
were obtained at outside hospitals. After reevaluation, three of these
scans were rejected because of either poor technique or absence of
direct coronal pituitary images. Thus, a total of 19 high-resolution CT
studies were available for comparison in the microadenoma group.

MR and CT scans were evaluated independently and blindly by
two radiologists. All scans were evaluated for generalized or focal
enlargement of the gland, focal convexity of diaphragma sellae,
infundibular displacement, sellar floor erosion, sphenoid sinus septa-
tions, and presence or absence of focal lesions within the pituitary
gland. Location of the abnormality was charted as anterior, middle,
or posterior, as well as right, middle, or left, on the basis of available
images in coronal and sagittal planes. Confidence levels for all findings
were also recorded as 1 = normal, 2 = probably normal, 3 = maybe
normal, 4 = probably abnormal, and 5 = definitely abnormal. In
addition, T1-weighted, T2-weighted, and inversion-recovery images
were assessed for their relative abilities in detecting focal lesions, as
were gated and nongated spin-echo techniques.

Eight patients underwent transsphenoidal surgery of pituitary mi-
croadenomas. In these patients surgical and histologic findings were
correlated with CT and MR. In the remaining 23 patients, the diag-
nosis, based on clinical presentation, endocrine evaluation, and re-
sponse to therapy, was also correlated with CT and MR findings.

Results

Table 1 compares MR and CT in their ability to detect
microadenomas in the surgical group. MR showed excellent

* Berlex, Wayne, NJ.
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TABLE 1: MR and CT Findings in Surgically Proved
Microadenomas

No. (n = 8)
Finding —_———
MR CT
Focal lesions:

True positive 8 4
False positive 0 1
Sellar floor ballooning 4 4
Focal convexity 4 3
Infundibular displacement 4 3

sensitivity relative to CT in detecting focal lesions. Frequently
the lesion was seen as an area of hypo- or isointensity
surrounded by peripheral, increased signal intensity on T2-
weighted images (Fig. 1). Either spin-echo or inversion-
recovery T1-weighted images showed microadenomas as
hypointense (Fig. 1B), except for one patient in whom a 6-
mm microadenoma was seen as a hyperintense lesion both
on T1- and T2-weighted images (Fig. 2). At surgery, a prolac-
tinoma with central hemorrhage was found.

In the surgical group MR identified correctly the spatial
location of microadenomas in all eight patients. CT showed a
focal lesion in five of the eight patients. In one patient CT and
MR identified a lesion, but CT identified the lesion on the left
side while MR identified it on the right. During surgical explo-
ration the lesion was identified only on the right. Thus, the CT
scan in this patient was both false negative and false positive.
In one patient with hyperprolactinemia and a normal CT scan
on three previous occasions, MR detected a lesion in the left
posterior part of the pituitary gland (Fig. 3). The infundibulum
was deviated toward the side of the microadenoma. At sur-
gical exploration, an excessive amount of bleeding was en-
countered and exposure was limited. The microadenoma was
not seen by the surgeon. Therefore, the left posterior quad-
rant of the pituitary gland was removed because of MR
findings. Histologic analysis confirmed the presence of a
microadenoma at the MR-detected location. Of the four pa-
tients in whom CT failed to demonstrate a focal lesion cor-
rectly, indirect signs such as sellar floor erosion, deviation of
infundibulum, and focal convexity were suggestive of a micro-
adenoma in two. In four patients in whom CT and MR correctly
identified microadenomas, MR made the diagnosis with a
higher confidence level than CT in two of the four. Of eight
patients with a surgically proved microadenoma, six had
prolactinomas, one had a growth-hormone-secreting micro-
adenoma, and one had a histologically proved luteinizing-
hormone-secreting microadenoma.

In the nonsurgical group six patients who had intrasellar
lesions 10 mm or larger were diagnosed as having pituitary
macroadenomas. Of the remaining 23 patients, 15 were clin-
ically believed to have hormone-producing pituitary lesions on
the basis of clinical history, hormonal assay, and/or response
to bromocriptine. Fourteen of these patients had hyperprolac-
tinemia and one had increased adrenocorticotropic hormone.
MR detected a focal lesion in 11 of these 15 patients. When
the data were combined in the surgical and nonsurgical
microadenoma groups, MR had a sensitivity of 82.6% while
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Fig. 1.—Coronal images in patient with surgically proved prolactin-secreting microadenoma.
A, CT scan at level of infundibulum shows suspicious hypodense lesion (arrow) in left side of pituitary gland near sellar floor. Lesion was reported as

probably abnormal.

B, Inversion-recovery MR image at level of infundibulum shows definite focal lesion on left side. Peripheral part of lesion has decreased signal intensity

relative to central part.

C, T2-weighted MR image with cardiac-gated spin-echo technique shows peripheral increased signal in prolactinoma (open arrow). Central hypointensity
(short solid arrows) and chiasm (long solid arrow) are also seen. Also note excellent gray/white-matter differentiation in brain.

A

Fig. 2.—Coronal MR images in 22-year-old man with surgically proved prolactinoma with central hemorrhage.
A, T1-weighted spin-echo MR image (TR = 800 msec, TE = 20 msec) shows sellar-floor ballooning toward left. Increased signal intensity centrally

(arrow) represents subacute hemorrhage.

B, Inversion recovery MR image shows similar contour of intrasellar tissue, but area of hemorrhage is isointense relative to residual pituitary gland.
C, Nongated T2-weighted MR image shows markedly increased signal from hemorrhagic prolactinoma. Gray/white-matter contrast is poor.

CT had a sensitivity of 42.1% in demonstrating a focal lesion.
Table 2 demonstrates the relative incidences of focal lesions,
sellar floor erosion, infundibular displacement, and focal con-
vexities seen on CT and MR. After extensive clinical and
hormonal evaluation eight patients were considered endocrin-
ologically normal, although MR detected a microadenoma in
three of these patients (Fig. 4).

Of 23 patients in whom a microadenoma was detected by
MR, in 17 imaging was performed with three pulse sequences:

T1-weighted spin echo, T1-weighted inversion recovery, and
T2-weighted cardiac-gated spin echo. In 10 of the 17, the
focal abnormality was best seen on inversion recovery, in six
on cardiac-gated spin echo, and in one on T1-weighted spin
echo. In seven patients who had both cardiac-gated and
nongated spin-echo images, five of seven had a focal lesion
detected on cardiac-gated spin-echo and three of seven had
a focal lesion diagnosed on nongated T2-weighted spin-echo
images. In three patients with focal lesions on both cardiac-
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gated and nongated spin-echo images, the diagnosis of focal
abnormality was made with a higher confidence level on
cardiac-gated images (Fig. 5). In 15 of 17 microadenomas
detected on T2-weighted images, the lesion was seen be-
cause of the presence of a peripheral rim of increased signal
intensity. This rim was seen better on cardiac-gated images
(Fig. 5). In 11 patients additional imaging was performed in
the sagittal plane with cardiac-gated spin-echo or inversion-
recovery sequences. In only three of seven patients with a
microadenoma in this group were the sagittal images believed

TABLE 2: Sensitivities of MR and CT in Assessing
Microadenomas

% Sensitivity

Finding
MR (n = 23) CT (n=19)
Focal lesion 82.6 421

Fig. 3.—Inversion-recovery MR image in coronal Sellar floor apnormallty 43.4 47.3
plane shows focal hypointensity (solid arrow) in Focal convexity 43.4 36.8
prolactinoma. Infundibulum (open arrow) is deviated Infundibular displacement 39.1 31.6
toward adenoma. CT scans on three previous oc-
casions and T2-weighted MR image did not reveal Note.—Sensitivities were assessed on the basis of surgical and endocrino-
focal lesions. logical data.

Fig. 4.—24-year-old woman with galactor-
rhea. After extensive endocrinologic evaluation,
no hormonal abnormality was detected.

A, Coronal CT scan shows focal central con-
vexity of pituitary superiorly but no focal density
abnormality.

B, Coronal inversion-recovery MR image also
shows focal convexity but no evidence of focal
signal abnormality.

C, T2-weighted cardiac-gated spin-echo MR
image shows focal hypointensity (arrow) sur-
rounded by hyperintense signal.

D, Sagittal plane better shows focal hypoin-
tense lesion (long arrow) and mild sellar floor
ballooning (short arrows). (Sagittal inversion-
recovery MR image at same level did not show
focal signal abnormality.)
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Fig. 5.—Coronal images in 37-year-old
woman with galactorrhea, amenorrhea, and hy-
perprolactinemia.

A, CT scan was reported to be normal. Linear
streak artifact was noted in right side of gland.

B, T1-weighted inversion-recovery MR image
shows convexity superiorly. Focal lesion is noted
near sellar floor (arrow). Peripheral portion of
lesion is hypointense.

C, T2-weighted cardiac-gated spin-echo MR
image shows central focal hypointensity (solid
arrow) surrounded by peripheral hyperintensity.
Sellar floor ballooning is seen on right (open
arrow).

D, Nongated T2-weighted MR image shows
faintly focal lesion (arrow). Contrast between
lesion and normal pituitary gland as well as gray/
white-matter is poor. Lesion was seen retro-
spectively on CT.

to have provided additional diagnostic information not avail-
able on the coronal images.

Discussion

CT with high-resolution techniques has recently been the
imaging method of choice in the diagnosis of pituitary abnor-
malities [1-4, 7-11]. Diagnosis is usually made by the pres-
ence of a hypo- or hyperdense lesion within the pituitary gland
after IV contrast enhancement. Indirect signs of a microade-
noma, such as infundibular displacement, focal convexity, and
sellar floor abnormality, are also sometimes helpful in making
the diagnosis, but a focal hypo- or hyperdense lesion is
reported to be the only statistically significant indicator for
microadenomas [12]. In one series 43% of surgically proved
microadenomas were found to be isodense on high-resolution
contrast-enhanced CT [12]. On the other hand, the presence
of inhomogeneities within the pituitary gland and artifacts
frequently makes the CT evaluation of small microadenomas
difficult [12, 19, 20].

Recently, MR imaging has been used in the diagnosis of
sellar and juxtasellar pathology [14-18]. Various imaging
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techniques have been described for imaging pituitary lesions.
In a recent study, MR was found to be superior to CT in the
diagnosis of pituitary macroadenomas, but MR was reported
to be less sensitive than CT in identifying discrete microad-
enomas within the pituitary gland [18]. The difference in MR
sensitivities in the detection of microadenomas between that
report and our current study probably reflects the MR tech-
nique. Technical considerations in MR are as important as
those involved with high-resolution CT [12].

Pituitary macroadenomas and large sellar and juxtasellar
lesions can be seen to better advantage with MR because of
excellent inherent contrast relative to surrounding structures.
Detection of microadenomas in normal-sized or minimally
enlarged pituitary glands probably requires high-resolution
techniques. We used spin-echo and inversion-recovery se-
guences with the smallest slice thicknesses available with our
system (3 mm) and decreased the field of view to 14-16 cm,
resulting in a small voxel volume to improve spatial resolution
[21]. In addition, cardiac-gated spin-echo images improve
contrast between the microadenoma and surrounding pitui-
tary gland by diminishing ghosting artifacts seen along the
phase-encoding axis. This improvement is demonstrated by
superior definition of the gray/white-matter junction on
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cardiac-gated images compared with nongated spin-echo
images in our series. Similar techniques have shown better
sensitivity in lesion detection in spinal cord and intracranial
lesions [22, 23].

In our small series of surgically proved microadenomas,
MR showed excellent sensitivity with no false-positive cases.
CT identified lesions correctly in 50%; there was one false
positive. Our CT results are comparable to those reported
previously [12, 13]. The superior sensitivity of MR in detecting
focal pituitary lesions is also reflected in the group diagnosed
as having microadenomas on the basis of clinical and endo-
crinological evaluation.

Analysis of indirect signs, such as focal convexity, balloon-
ing of the sellar floor, and infundibular displacement, showed
that MR sensitivity was similar to that of CT. Although these
signs are sometimes helpful, the diagnosis of microadenoma
on the basis of these indirect signs is imprecise. Slight dis-
placement of the infundibulum with a histologically normal
gland has been reported in anatomic studies [6]. Similarly,
sellar-floor ballooning and erosion can be seen as a normal
variant [24-27]. In our series, sellar-floor ballooning and in-
fundibular displacement were seen with MR in 43% and 39%
of patients, respectively, in the microadenoma group. In one
patient (Fig. 3), the infundibulum was displaced toward the
side of the microadenoma. This patient had been treated with
bromocriptine for 3 years. The infundibular displacement is
presumed to be from hemorrhage and subsequent scarring
secondary to bromocriptine therapy [28], leading to retraction
of the infundibulum toward the side of the microadenoma. At
the time of the MR study no hemorrhage was seen. Similarly,
focal convexity of the gland was seen on MR in 10 of 23
patients with microadenoma.

The selection of proper technique and pulse sequence is
also valuable. In our series the inversion-recovery sequence
was superior in detecting focal lesions, but in some patients
the lesions were not seen on inversion-recovery and were
detected on T2-weighted images. On T2-weighted images
the lesion was detected on the basis of peripheral, increased
signal intensity, while focal microadenomas were frequently
mildly hypo- or isointense relative to the pituitary. Cardiac-
gated spin-echo images reduced the phase-encoding artifacts
generated by intracavernous carotid and CSF pulsatile mo-
tion, resulting in superior demonstration of the peripheral
increased signal. It is also important to note that focal con-
vexity and infundibular displacement were better appreciated
on inversion-recovery or T1-weighted images when compared
with cardiac-gated spin-echo images. Short TE, long TR
images offered superior visualization of sphenoid sinus sep-
tations. Although the CT demonstration of the presence of
bony septa in the sphenoid sinus was excellent, MR images
with short TEs and long TRs also showed them adequately
for planning transsphenoidal surgery.

As described by Kucharczyk et al. [17], changing the
window width to a narrow display window will sometimes
help discriminate the hypointensity within the adenoma from
surrounding pituitary gland. Similarly, changes in display win-
dow width and level enhance visualization of septations within
the sphenoid sinus.
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Coronal inversion recovery and T2-weighting with sagittal
T1-weighting were adequate in 24 of 31 patients. In 11
patients additional inversion-recovery or T2-weighted images
were acquired in the sagittal plane. Only in three of seven
patients with microadenomas were the sagittal images be-
lieved to provide additional information not available on cor-
onal images. The data acquisition time for routine high-
resolution pituitary MR at our institution is approximately 26
min. The need for additional sagittal imaging can be decided
after evaluation of coronal images; they are not necessary
routinely.

In three of eight patients who were endocrinologically nor-
mal, microadenomas were detected on MR. This is not sur-
prising since 22.5-45% of endocrinologically normal patients
in autopsy series were found to have a microadenoma [29-
31]. This may be a “null-cell” adenoma or prolactinoma, which
is endocrinologically inactive. MR could be an imaging method
for the diagnosis and follow-up in these patients to determine
tumor size and biological behavior in endocrinologically inac-
tive tumors.

Our early experience suggests that MR is superior to CT
in detecting a focal lesion in patients suspected of having a
pituitary microadenoma. The differences between our results
and those of Davis et al. [18] probably can be attributed to
the difference in technique, especially slice thickness, and the
use of cardiac-gated spin-echo and inversion-recovery se-
quences. MR not only allows the use of multiple imaging
planes directly, but also a variety of pulse sequences can be
used until satisfactory diagnosis is achieved. With bolus con-
trast-enhanced CT, on the other hand, only one attempt to
obtain a satisfactory study is possible during one patient visit.
The routine MR pituitary microadenoma protocol (Table 1)
requires 26-30 min of data acquisition and is tolerated ex-
tremely well. Thus, MR will probably replace CT as a screen-
ing method for suspected pituitary microadenomas.
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