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Gd-DTPA-Enhanced MR Imaging
of Pituitary Adenomas

Eleven previously nonoperated patients with suspected pituitary microadenomas were
scanned on a 1.5-T GE system before and after administration of IV gadolinium-DTPA
(0.1 mmol/kg). Six patients had Cushing disease, four had hyperprolactinemia, and one
had acromegaly. Surgical confirmation was available in all cases, and these findings
were correlated with results of CT and venous sampling, when available. The normal
pituitary gland, infundibulum, and cavernous sinuses enhance immediately after the
administration of gadolinium-DTPA, allowing contrast between the enhancing normal
glandular tissue and low-intensity microadenomas. Contrast-enhanced MR detected a
lesion not seen on the unenhanced images in two patients with Cushing disease and in
one patient with hyperprolactinemia. Tumor delineation was improved with gadolinium
administration in two additional cases. In six patients, administration of gadolinium did
not significantly alter the precontrast interpretation. Adenomas were found at surgery in
all 11 patients. The tumor was correctly localized on MR in four of the six patients with
Cushing disease, resulting in an accuracy of 66.7%. In another patient, although a focal
lesion was detected on MR, location of the adenoma at surgery was discrepant with the
MR findings and was therefore considered a false-positive study. In the single false-
negative examination, both pre- and postcontrast MR failed to detect a surgically
confirmed microadenoma suspected on both contrast-enhanced CT and venous sam-
pling. Correct localization of the adenoma was achieved in all of the five non-Cushing
patients, yielding an accuracy of 100%. Immediate T1-weighted coronal scans were
most useful in detecting intrasellar disease. Delayed scans obtained 30 min after
injection did not improve the differentiation of pituitary gland from microadenoma.

Gadolinium-enhanced MR of the sella is helpful in evaluating patients with suspected
microadenomas in whom noncontrast studies are not definitive. Diagnostic accuracy
may improve in the future by the use of faster scanning techniques to maximize the
immediate postcontrast interface between normal gland and tumor.
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The importance of accurate preoperative localization of pituitary microadenomas
has increased with the advent of transsphenoidal microsurgical techniques. MR
imaging in the coronal and sagittal planes has proved useful in the evaluation of
patients with suspected pituitary disease, with excellent delineation of the contour
of the gland caused by intensity differences between soft tissue, CSF, and vessels
[1-5]. However, insufficient inherent contrast between normal gland and adenoma
sometimes precludes definitive diagnosis [6, 7]. By optimizing the interface between
normal and abnormal tissue, Gd-DTPA-enhanced MR imaging may prove useful in
detecting small intrasellar lesions [4, 8, 9]. To assess the role of Gd-DTPA-
enhanced MR imaging at 1.5 T in the evaluation of suspected pituitary adenomas,
we studied 11 previously nonoperated patients with biochemical and/or clinical
evidence of Cushing disease, hyperprolactinemia, or acromegaly in whom surgical
confirmation subsequently became available.



950 NEWTON ET AL.

Materials and Methods

To date we have performed over 60 gadolinium-enhanced studies
on patients with suspected pituitary tumors. Surgical confirmation of
MR findings in previously nonoperated patients has thus far been
available in 11. These form the basis of this paper. All patients were
imaged on a 1.5-T GE system before and after IV administration of
Gd-DTPA. The patient group consisted of 10 women and one man,
19 to 67 years old. Six patients had clinical and biochemical stigmata
of Cushing disease, four had an elevated serum prolactin level, and
one was acromegalic. All 11 patients had transsphenoidal surgery at
this institution, performed by one neurosurgeon.

The MR technique consisted of precontrast T1-weighted, 600/20/
4 (TR/TE/excitations), scans through the sella in the sagittal and
coronal planes with 3-mm slices and a 0.5-mm interslice gap. Addi-
tional T1-weighted (600/20) scans were subsequently obtained in the
coronal plane either immediately or 10 min after injection of Gd-DTPA,
0.1 mmol/kg. In some patients, immediate T1-weighted sagittal and/
or delayed (30 min) T1-weighted coronal scans were also acquired.
Images were reconstructed with a two-dimensional Fourier transform
on a 256 X 256 image matrix.

Pre- and postcontrast images were reviewed separately by three
observers. The presence of a lesion, its location and size, and
associated abnormalities of the contour of the gland were evaluated.
In each case, the diagnosis of a definite adenoma was assigned a
score of 2, a probable lesion was given a score of 1, and absence of
a lesion received a score of 0. Deviation of the infundibulum, displace-
ment of the posterior pituitary lobe, and extension of tumor into the
cavernous sinus were also assessed. Findings were correlated with
results of CT and venous sampling, when available, and with surgical
findings provided by the neurosurgeon.

Results

Results of MR examinations, correlated with clinical history,
CT, venous sampling results, and surgical findings are sum-
marized in Table 1.

Lesion Detection

Adenomas were identified as low-intensity lesions on
unenhanced scans and as focal areas of relative nonenhance-
ment on images obtained immediately after gadolinium admin-
istration. At surgery, tumors were found to range from 3 to
12 mm in diameter. T1-weighted coronal images were most
useful in the detection of tumors. Delayed coronal scans
obtained in three patients approximately 30 min after injection
did not contribute significant additional information. In two
patients with Cushing disease and one patient with an ele-
vated serum prolactin level, a focal nonenhancing lesion not
evident on the unenhanced scan was identified after admin-
istration of gadolinium (Fig. 1). The presence of a tumor and
its location on the postcontrast examination were graded as
probable in the two Cushing patients and definite in the non-
Cushing patient. In one patient with Cushing disease and one
patient with elevated serum prolactin level, a probable lesion
identified on the precontrast study was more clearly deline-
ated after contrast administration, and the score for presence
of a lesion was upgraded to definite (Fig. 2). In the remaining
six patients, administration of contrast medium did not signif-
icantly alter the precontrast interpretation. In one of these
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cases, both pre- and postcontrast MR failed to detect a
surgically confirmed 5-mm ACTH-secreting microadenoma
despite positive CT and venous sampling results (Fig. 3). All
lesions that were seen on the unenhanced scan were also
identified on the gadolinium-enhanced study.

All studies were reviewed independently by the three neu-
roradiologists, and individual scores were recorded. Pre- and
postcontrast MR scans for each patient were distributed
randomly to each reviewer. No history (other than the inherent
fact that the patient had undergone transsphenoidal surgery
since the MR study) was given to the reviewers. In the
majority of cases there was agreement in findings between
the original prospective film interpreter and the retrospective
reviewers, as well as among the three neuroradiologists. In
most of the cases, one of the three reviewers had prospec-
tively interpreted the study. There was disagreement among
the three reviewers as to the probable presence (+1) or
absence (0) of an adenoma on the unenhanced scan in two
patients. In both cases, the highest score (+1) was assigned.
However, all three radiologists graded the postgadolinium MR
studies in these two patients as demonstrating a definite
lesion (+2). In one case, the original prospective report sug-
gested a probable right-sided microadenoma seen only after
contrast administration. However, the tumor was thought to
be midline in location by all three reviewers, a finding corrob-
orated at surgery.

Ancillary MR Findings

Ancillary MR findings such as deviation of the pituitary stalk
and posterior pituitary lobe and cavernous sinus invasion
were reviewed in each case. In eight patients, no ancillary
findings were present. Slight overall enlargement of the gland
was present in one patient, without a focal contour abnor-
mality. The infundibulum was deviated contralateral to the
side of the suspected lesion in one patient and to the left in a
patient with a midline adenoma. Displacement of the posterior
lobe or cavernous sinus involvement was not identified in any
patient. Erosion of the sellar floor was present in another
patient with a macroadenoma located predominantly within
the sphenoid sinus.

Correlation with CT and Venous Sampling

A thin-section, contrast-enhanced CT scan was available in
one patient with Cushing disease and was suspicious for a
surgically confirmed, 5-mm, nonenhancing lesion not seen on
either the pre- or postcontrast MR study (Fig. 3).

Four patients with Cushing disease underwent selective
bilateral inferior petrosal sinus and internal jugular vein sam-
pling for determination of ACTH levels. In two patients, venous
sampling results correctly predicted tumor location. A definite
left-sided gradient was present in one patient with a midline
adenoma. In an additional patient, venous sampling was
unrevealing in spite of a definite right lateral wing adenoma
on the contrast-enhanced MR scan that was subsequently
confirmed at surgery.
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Correlation with Surgical Results

Correlation of surgical results with MR findings is presented
in Table 2. In nine patients (four Cushing and five non-
Cushing), the postgadolinium MR studies correctly predicted
the location and size of the tumor. In three of these nine
patients (two Cushing and one non-Cushing) the tumor was
not detected on the unenhanced scan.

There was one false-positive study in a patient with Cushing
disease. In this patient, a probable 4-5-mm left-sided lesion
was detected on both the pre- and postcontrast MR scans.
However, the surgical report describes a 5-mm adenoma
situated within the right lateral wing. Despite confirmation of
the presence of a microadenoma, this was considered to be
a false-positive study given the discrepancy in location be-
tween the MR and surgical findings (Fig. 4).

In the single false-negative study, pre- and postcontrast
MR failed to detect a surgically confirmed 5-mm ACTH-
secreting adenoma that was suspected on contrast-enhanced
CT and confirmed by venous sampling (Fig. 3).

Discussion

Previous studies have documented the utility of MR in
evaluating patients with suspected pituitary pathology [1-4,
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Fig. 1.—Case 7: 19-year-old woman with ele-
vated serum prolactin level.

A, Noncontrast short TR (600/20) coronal sec-
tion discloses a small, low-intensity lesion just
to left of midline (arrows).

B, On short TR (600/20) coronal scan imme-
diately after contrast administration, there is a
definite (+2) 5-mm left-sided nonenhancing le-
sion (arrows), not evident on unenhanced study.
This proved to be a 5-mm adenoma at surgery.
The more medial, smaller, low-intensity lesion
most likely represents a pars intermedia cyst.

Fig. 2.—Case 10: 37-year-old woman with hy-
perprolactinemia.

A, Unenhanced short TR (600/20) coronal
scan reveals a probable (+1) 5-mm left-sided
adenoma (arrow).

B, The microadenoma (arrows) is seen to
better advantage on Gd-enhanced short TR
(600/20) study, upgrading the score for lesion
presence to definite (+2). Findings were con-
firmed at surgery.

7, 8, 10]. Kucharczyk et al. [3] detected 10 of 11 microad-
enomas as foci of low signal intensity on T1-weighted images
by using a 1.5-T magnet. These findings were corroborated
in a subsequent study at 1.5 T by Kulkarni et al. [4], in which
eight of eight microadenomas were demonstrated. However,
despite advances in MR imaging techniques, microadenomas
may elude detection. Pojunas et al. [8] failed to detect five of
11 prolactin-secreting microadenomas at 1.5 T. There has
been recent evidence that a small percentage of adenomas
not visible on noncontrast MR can be detected on Gd-en-
hanced MR. In a study using a 0.5-T scanner, two of 12
ACTH-secreting tumors were seen only after contrast admin-
istration [5]. A more recent study at 1.5 T demonstrated two
of eight ACTH-secreting microadenomas only after adminis-
tration of gadolinium [11].

ACTH-secreting tumors are known to be difficult to detect
because of their small size at the time of presentation. The
larger mean size of adenomas in our patients with hyperpro-
lactinemia and acromegaly (7 mm) compared with the Cushing
patients (4.5 mm) may in part account for the higher diagnostic
accuracy of MR in the non-Cushing group. In this series, four
(66.7%) of six ACTH-secreting adenomas were correctly lo-
calized. In two of these patients (33.3%), the tumors were
detected only after gadolinium administration. Both pre- and
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Fig. 3.—Case 6: 52-year-old-man with Cushing disease.

A and B, Both unenhanced (A) and Gd-enhanced (B) short TR (600/20) coronal scans fail to detect a microadenoma.

C, Contrast-enhanced, thin-section CT scan shows a subtle area of nonenhancement in right gland (arrows). Venous sampling corroborated this finding,
and surgical exploration confirmed the presence of a 5-mm right-sided microadenoma.

TABLE 2: Correlation of Surgical Results with MR Scans

Positive Only Positive Only Bg&sg;/ee_ ‘;: d
Finding on Pre-Gd-  on Post-Gd- 5 o~ hTpA
DTPA Study DTPA Study Studies
Cushing disease
(n=6)
True positive 0 2 2
(n=4)
False positive 0 0 1
(n=1)
False negative 0 0 0
(n=1)
Non-Cushing disease
(n=75)
True positive 0 1 4
(n=5)

postcontrast MR failed to accurately localize adenomas in
two patients (33.3%).

Diagnostic accuracy was higher in the five patients with
either prolactin- or growth-hormone-secreting adenomas,
with all five adenomas detected on MR (100%). In this patient
group, administration of gadolinium demonstrated one ade-
noma (20%) not visible on the noncontrast study.

The normal pituitary gland and infundibulum show marked,
homogeneous enhancement after IV administration of Gd-
DTPA, owing to the absence of a blood-brain barrier around
these structures [5, 9, 12, 13]. It should be noted, however,
that there may be some inhomogeneity of the enhancement
pattern within normal glands, a finding previously described
in both the CT and MR literature [14, 15]. These differences
in degree of contrast enhancement have been attributed to
tissue compactness, granularity, and vascularity. It is possible
that this variable inhomogeneity of the normal gland may
account for occasional false-positive MR studies.

In our single false-negative study, both pre- and postcon-
trast MR failed to detect a proved 5-mm adenoma suspected
on contrast-enhanced CT and confirmed with venous sam-
pling. Isointense adenomas have been described previously
[3, 5, 7-9, 11]. Since the adenoma is a benign proliferation of
a cell type normally present within the pituitary gland, it seems
plausible that not all adenomas will manifest signal intensity
or enhancement appreciably different from that of normal
gland. In addition, contour abnormality and other ancillary
findings are often absent in individuals with small microade-
nomas. In these cases, timing of sequence acquisition after
gadolinium administration may be a critical factor in tumor
detection. Enhancement of the pituitary gland persists for
approximately 1 hr but is typically maximal or nearly maximal
at 3 min [5, 13]. Adenomas also imbibe contrast but generally
enhance more slowly and persistently than normal gland [5,
13]. Selective enhancement of the normal pituitary relative to
adenoma immediately after contrast injection should therefore
improve lesion conspicuity. On later images, delayed en-
hancement of the lesion relative to normal gland may lead to
a reversal in signal intensities. This “flip-flop” phenomenon
has been described in soft or semiliquid lesions, which are
dark on unenhanced and immediate post—contrast-enhanced
scans and become bright on delayed images [5, 11]. In some
cases, therefore, there is an intermediate period during which
a lesion may be isointense with adjacent normal tissue, and
gadolinium might obscure rather than facilitate detection [5,
11].

Preliminary results of gadolinium-enhanced MR scans in
patients with recurrent disease at this institution are less
encouraging, and are not included in this paper owing to the
small number of reoperated patients at the present time. Poor
correlation between MR and surgical findings in patients with
recurrent disease may relate to distortion of the gland as a
result of previous surgery, with poor differentiation of inflam-
matory changes from tumor. In addition, gross evaluation of
glandular architecture at the time of surgery may be hindered
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by postoperative changes, making surgical correlation diffi-
cult. This is clearly an area that needs further research.

Diagnostic accuracy may improve in the future by the use

of faster scanning techniques to maximize the immediate
postcontrast interface between normal gland and tumor. Ad-
ditionally, very small intrasellar lesions may be identified in the
near future by the application of gradient-recalled 3DFT im-
aging with thinner slice profiles without the need for an
interslice gap [16].
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