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Is technetium-99m-MIBI taken up by the normal pituitary gland?

A comparison of normal pituitary glands and pituitary adenomas

Toyoyuki Koima, Sunao MizuMura, Shin-ichiro KuMiTa,
Tatsuo Kumazaki and Akira TERAMOTO

Departments of Neurosurgery and Radiology, Nippon Medical School

Purpose: The aim of this study was to compare the behavioral uptake of a normal gland and a
pituitary adenoma and to assess the ability to diagnose pituitary adenoma by means of technetium-
99m-hexakis-2-methoxy-isobutyl-isonitrile (MIBI) single photon emission computed tomography
(SPECT).

Methods: The study included 15 patients with pituitary adenomas (mean age = 44.0 years, range
19-63) and 15 control subjects (mean age = 50.7 years, range 20—67). SPECT was performed 15
minutes after an intravenous injection of MIBI 600 MBq. The shape and location of MIBI uptake
were evaluated on a magnetic resonance (MR) imaging/SPECT registration image. The shape
patterns and location were classified as follows: Shape C (circular); LO (longitudinal oval); T/R
(triangular or rectangular) and location P (pituitary gland or adenoma); D/C (dorsum sellae and/or
clivus).

Results: Analysis of the uptake showed that 10 (67%) adenomas were C, and 5 (33%) were LO. Of
the controls, 5 (33%) were C, and 10 (69%) were T/R. With regard to location, all patients with
pituitary adenomas were classified as P, and all control subjects (93%) but one showed uptake in
the dorsum sellae and clivus (D/C).

Conclusion: MIBI was taken up in the dorsum sellae or clivus but not the normal pituitary gland
and had a strong affinity for the pituitary adenoma. This result implies that MIBI SPECT may be
a useful new auxiliary examination technique for the location diagnosis of pituitary adenoma.
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INTRODUCTION

99mTc-hexakis-2-methoxy-isobutyl-isonitrile (MIBI) is a
fat-soluble cationic pharmaceutical preparation used for
myocardial perfusion imaging and tumor imaging in the
same way as 20! TIC1. MIBI has been proposed as a tracer
for the detection of thyroid, parathyroid, lung, breast,
bone and brain tumors.'~% The mechanism of 2°!TICI
uptake in tumors is related to increased sodium-potassium
adenosine triphosphate (ATPase) pump activity,”?
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whereas MIBI accumulates within the mitochondria and
cytoplasm of the cells. MIBI uptake depends on the
potential difference between mitochondrial and plasma
membranes.®!0

Although many studies of brain tumors by means of
MIBI single photon emission computed tomography
(SPECT) have been reported, there are few studies on
pituitary adenomas.!!-!2 MIBI uptake is reported to dis-
tribute to normal structures of the pituitary gland,' and
also to the choroid plexus, salivary glands, nasophar-
ynx,'* and bone marrow.!3 Since the difference between
the normal pituitary gland and pituitary adenoma in MIBI
uptake behavior has never been clear, the aim of this study
was to compare the uptake behavior of the two and to
assess MIBI SPECT’s ability to diagnose pituitary ad-
enoma.
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Table 1 Clinical characteristics and SPECT/MRI findings

Normal pituitaries

Study Age Sex Diagnosis Shape  Location Distance (mm)
No. (yr) MRI SPECT
1 67 F Metastatic brain tumor C D/C 67 75 8
2 43 M Astrocytoma C D/C 69 77 8
3 59 F Cerebellar glioma C D/C 64 69 5
4 30 M Hemangioblastoma C D/C 67 71 4
5 55 F Cushing syndrome (adrenal tumor) C D/C 73 78 5
6 54 M Metastatic brain tumor T/R D/C 73 77 4
7 59 F Metastatic brain tumor T/R D/C 70 74 4
8 61 M Astrocytoma T/R D/C 70 78 8
9 62 F Meningioma T/R D/C 63 68 5
10 51 M Acoustic neurinoma T/R D/C 74 78 4
11 61 M Malignant lymphoma T/R D/C 63 68 5
12 55 M Thalamic glioma T/R D/C 73 80 7
13 32 F Cavernous angioma T/R P 68 70 2
14 52 F Intraventricular tumor T/R D/C 70 75 5
15 20 M Sarcoidosis T/R D/C 74 80 6
Meantsd. 50.7% 14 69.2+38 745+43 5318
Pituitary adenomas
Study Age  gex Histological diagnosis size Shape  Location Distance (mrm)
No. (yr) (mm) MRI SPECT
1 47 F ACTHoma 8 C P 69 72 3
2 57 M GHoma 8 C P 73 75 2
3 63 F GHoma 9 C P 74 76 2
5 23 F PRLoma 9 C P 62 64 2
6 20 F PRLoma 9 C | 4 62 64 2
4 51 M NFoma 9 LO P 75 75 0
8 49 M GHoma 10 C P 69 71 2
7 62 F GHoma 10 LO P 67 68 1
9 52 F GHoma 16 C P 73 72 -1
10 28 F TSHoma 17 LO P 68 70 2
11 35 F PRLoma 24 C P 68 71 3
12 31 M PRLoma 25 C P 70 73 3
13 19 F PRLoma 26 C P 65 68 3
14 60 M NFoma 36 LO P 70 69 -1
15 57 F NFoma 48 LO P 71 72 1
Mean*sd. 43.6116.0 176+ 11.6 689+41 706+37 16x14

GHoma = GH secreting adenoma; ACTHoma = ACTH secreting adenoma; PRLoma = PRL secreting adenoma; TSHoma = TSH
secreting adenoma; NFoma = Non-functioning adenoma; C = Circular; LO = Longitudinal oval; T/R = Triangular- or
recutangular-shape; P = Pituitary gland or adenoma; D/C = Dorsum sellae and/or clivus; A = SPECT-MRI (mm).

PATIENTS AND METHODS

The study involved 15 consecutive patients with pituitary
adenomas (mean age = 43.6 years, range 19-63) and 15
control subjects (mean age = 50.7 years, range 20-67).
Pituitary adenomas consisted of growth hormone (GH)-
secreting adenomas (n = 5), non-functioning adenomas (n
=3), prolactin (PRL)-secreting adenomas (n = 5), adreno-
corticotropic hormone (ACTH)-secreting adenomas (n =
1) and thyroid stimulating hormone (TSH) secreting ad-
enomas (n = 1). All patients underwent transsphenoidal
surgery and were diagnosed on the basis of hormonal and
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immunopathological findings. Control subjects included
those with a brain tumor or suspected brain tumor unre-
lated to the sellar region and all had normal pituitary
glands determined by MRI (magnetic resonance imag-
ing). Informed consent was obtained from all the study
subjects.

Magnetic Resonance imaging

MRI was done with a high-field-strength (1.5-T) imager
(Sigma Horizon, General Electric, Milwaukee, WI) with
gadolinium diethylenetriamine-pentaacetic acid (Gd-
DTPA). The imaging parameters were as follows: repeti-
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Fig. 1 Midsagittal SPECT image obtained 15 minutes after *"Tc-MIBI intravenous injection shows
typical examples of the three patterns: A, B, and C demonstrate Circular, Longitudinal oval, and

Triangular or rectangular shapes, respectively.

tion time (TR) 600 msec, echo time (TE) 20 msec, field of
view 16-23 cm, image acquisition matrix 256 x 256, and
section thickness 3.5 mm.

SPECT imaging

A SPECT scan of the brain was done 15 minutes after a
600 MBq intravenous injection of **™Tc-MIBI. Image
data were acquired with a three-headed gamma camera
(Prism 3000, Picker-Shimadzu, Co., Kyoto, Japan)
equipped with high resolution, fan-beam collimators (full
width at half maximum: FWHM = 8 mm). Projection data
were accumulated in a 128 x 128 matrix, 45 sec/angle, 30
angles for each detector (4° steps, 120° rotation). Projec-
tion images were smoothed and reconstructed in a 128 x
128 matrix, with Metz-filtered (cut-off frequency 3.48
cycles/cm) back projection. Slice thickness was 4.45 mm.

Image analysis
1) SPECT imaging
The shape of MIBI uptake was evaluated for all the
subjects on a midsagittal plane to allow for differentiation
of the anteroposterior structures of the pituitary gland.
The shape patterns were classified as follows:

C (circular), LO (longitudinal oval), and T/R (triangu-
lar- or rectangular-shape).

Figure 1 shows typical examples of the three patterns.
2) Registration imaging
To evaluate where MIBI accumulated in the parasellar
region, a registration image was prepared by superimpos-
ing MRI and SPECT images. Each midsagittal plane was
transferred to a UNIX workstation for adjustment of the
enlargement ratio and was superimposed by matching
anatomical characteristics such as the shape of the nose,
calvaria, and skull base (registration image). With this
image, the location of MIBI uptake was classified as
follows:

P (pituitary gland or adenoma) and D/C (dorsum sellae
and/or clivus).

One pituitary adenoma patient (study No. 2) was evalu-
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ated with not only a sagittal but also a coronal registration
image because MRI and SPECT images revealed that the
lesion was located on the left side of the midline. Two
nuclear medicine physicians, who had been given no
information about the subject’s status, evaluated the shape
and location.

Distance analysis

To identify the fitting errors of the registration image, the
distance from the nasion to the parasellar region was
measured by dedicated computers for both MR and SPECT
images. The two distances (mm) from the nasion to the
center of the pituitary gland or adenoma and to the dorsum
sellae were measured on MRI, and the distance (mm)
from the nasion (the most concave point between the
forehead and nose relative to the skin surface) to the center
of the parasellar uptake region was measured on the
SPECT images for all the subjects. We evaluated the
mean distance in each image, and an unpaired t-test was
used for pituitary adenomas and normal pituitary glands.
Significance was established at the p < 0.05 level.

RESULTS

Clinical characteristics and SPECT/MRI findings are
summarized in Table 1. Of the 15 adenomas, 8 were
microadenomas (maximal diameter < 10 mm) and 7
macroadenomas (maximal diameter > 10 mm). The mean
diameter of the adenomas was 17.6 mm (range, 8—48).

Image analysis

1) Of the 15 adenoma patients, 10 (67%) (8 micro-
adenomas, 2 macroadenomas) were classified as shape C,
5 (33%) (0 microadenomas, 5 macroadenomas) shape
LO, and none (0%) shape T/R. Of the 15 controls, 5 (33%)
MIBI shape patterns were classified as C, none (0%)
shape LO, and 10 (69%) shape T/R.

2) In the registration image, all 15 adenomas (100%)
showed MIBI uptake at location P (Fig. 2). For the
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Fig.2 A 57-year-old woman with non-functioning macroadenoma. T1-weighted sagittal image with
contrast material (A), SPECT image (B), and the registration image (C). The registration image shows
MIBI uptake in the whole adenoma (location P).

Fig. 3 A 67-year-old man with metastatic
brain tumor and normal pituitary gland. The
registration image (A) shows MIBI uptake in
the dorsum sellae and upper clivus (triangular
shape and location D/C). However, in the
SPECT transverse image (B), the parasellar
uptake can not be distinguished from that in
the normal pituitary gland.

Fig.4 A 57-year-old man with GH secreting microadenoma (location P). T1-weighted coronal MR
image with contrast (A) revealed a pituitary adenoma on the left side and normal pituitary gland on the
right side. MIBI SPECT coronal image (B) also demonstrated uptake on the left side. MIBI uptake in
the registration image (C) was observed in the pituitary adenoma but not in the normal pituitary gland.

controls, 14 (93%) showed uptake at location D/C with
the remaining one (7%) at location P (Fig. 3). The coronal
image revealed that MIBI was not taken up in the normal
pituitary gland but in the pituitary adenoma (Fig. 4).

Distance analysis
The mean distances determined with MRI from the nasion
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to the parasellar region for controls and pituitary ad-
enomas were 69.2 + 3.8 mm and 68.9 + 4.1 mm, respec-
tively, and 74.5 + 4.3 mm and 70.6 = 3.7 mm, respectively
with SPECT. With MRI, no significant differences were
found between the two groups. In contrast, the mean
distances determined with the SPECT images between for
the two groups were significantly different (p < 0.01,
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unpaired t-test). The mean uptake observed in the controls
was located 3.8 mm behind that of the adenomas.

DISCUSSION

The diagnosis of pituitary adenoma is determined by MRI
and by hormonal analysis. MRI has proved to be an
accurate method for the evaluation of pituitary adenoma,
and dynamic MRI has been used recently to detect
microadenomas.'® It is sometimes difficult, however, to
pinpoint the lesion by means of anatomical imaging
because of its small size. In particular, an ACTH-secret-
ing adenoma is so small that identifying the lesion is
difficult with current imaging diagnostic methods. The
minimal diameter for detecting ACTH-secreting micro-
adenomas with MRI is about 2 to 3 mm.!7!8 Cavernous
sinus sampling is useful in detecting the correct lateral
orientation in laterally localized microadenomas when
ACTH-secreting microadenomas are undetectable by
MRI." In the case of ectopic adenoma in the cavernous
sinus or pituitary stalk, this sampling technique is unable
to effectively identify the lesion; so that a new sensitive
and specific technique for the diagnosis of microadenomas
would be useful.

Positron emission tomography (PET) and SPECT are
functional techniques and some studies with PET for
pituitary adenomas have been reported.?>-?2 Dopamine
receptors, which are found in both normal glands and
pituitary adenomas, have been studied with dopamine
D2 receptor antagonists (C-11-raclopride and C-11-
methylspiperone). These ligands have been found to be
helpful in the initial PET evaluation of adenomas as well
as in post therapy.

Fluorine-18-2-fluorodeoxyglucose (FDG) character-
izes and measures energy metabolism covering a host of
biologic activities such as cell proliferation, synaptic
activity, hormonal proliferation and secretion, and
glycosylation. In PET scans with FDG, the normal pitu-
itary gland was not visible in any of the control subjects
because of its small size and relatively low metabolic
activity.?! SPECT in combination with ['!'In-DTPA-p-
Phe]-octreotide is a recently developed technique for
imaging somatostatin receptors in some pituitary ad-
enomas.?* These ligands accumulate in the normal or
adenomatous pituitary gland based on the physical meta-
bolic mechanism.

The mechanism for MIBI uptake in pituitary adenomas
is not clear. MIBI is a lipophilic cationic complex that is
sequestered within the cytoplasm and mitochondria of
cells in relation to the negative potential of the inner
mitochondrial and plasma membrane.? Because abundant
mitochondria are generated in tissues with high aerobic
metabolic activity, such as in endocrine tissues,2* pitu-
itary adenomas are considered to have higher cell viability
than the normal pituitary gland. Although PET is a useful
method in terms of functional imaging of the pituitary
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adenoma, it is too costly for many institutions.

MIBI-SPECT imaging is a useful technique for detect-
ing adenomas and adenocarcinomas in the parathyroid
and mammary glands. MIBI has also been reported to
accumulate in both the normal pituitary gland and in
adenomas.!'"!3 There have no previous reports on the use
of MIBI SPECT as a means for comparing the normal
pituitary gland with pituitary adenoma. Evaluating MIBI
uptake in the normal pituitary gland would be necessary
for detecting abnormal uptake in microadenomas. In this
study, MIBI was poorly taken up in the normal pituitary
gland and not taken up at all in normal cerebral paren-
chyma. Instead, MIBI accumulated in the normal choroid
plexus and salivary glands. This result corresponds with
those reported previously.®?’ Visual analysis showed that
most of the longitudinal oval uptake was observed in
macroadenomas but not in the normal pituitary gland,
suggesting that macroadenomas grow longitudinally. On
the registration image, the uptake shape corresponded to
the form of the adenomas themselves. All triangular- or
rectangular-shaped uptakes were observed in control sub-
jects but not in pituitary adenoma patients. Distance
analysis showed that uptake in the controls was located
3.8 mm (mean value) behind the uptake observed in the
adenomas. MIBI uptake was found located behind the
center of the sella turcica. This uptake was formed in
relation to the shape of the dorsum sellae and the entire
clivus. In this study, no uptake in the dorsum sellae or
upper clivus was observed in pituitary adenoma patients.
This result may be due to decalcification caused by
compression of the adenoma or greater uptake in the
adenoma than in the dorsum sellae and upper clivus.
There were two types of uptake found in the controls.
Circular uptake was found in the dorsum sellae and upper
clivus, and triangular- or rectangular-shaped uptake was
found in the entire clivus. It was necessary to observe the
shape of the uptake by means of a midsagittal image
because uptake in the dorsum sellae and upper clivus was
often mistaken for uptake in the normal pituitary gland
(Fig. 3). When the shape is circular and the uptake is
hypoactive, SPECT imaging alone is insufficient to
differentiate between the normal pituitary gland and
microadenoma because the shape of uptake of the dorsum
sellae and upper clivus adjoining the normal pituitary
gland is similar to that in adenoma. In the present study,
5 of the control subjects and 6 microadenoma subjects had
circular accumulation. The mean distances from the na-
sion to the uptake region on both MR and SPECT images
were 68.2+3.3 and 74 £4.3 respectively for the 5 controls
and 68.2 £ 5.2 and 70.3 £ 5.2 respectively for the 6
microadenomas. Therefore, even with a circular SPECT
image, the distinction between a normal gland and an
adenoma can be made by measuring the distance from the
nasion to the uptake region. MIBI SPECT could help in
the diagnosis of suspected microadenomas where insuffi-
cient information is provided by MRIL.
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The mechanism of MIBI uptake in the dorsum sellae
and clivus is unclear. Anatomically, the bone that forms
the clivus is not considered to be a single bone from the
viewpoint of embryology; rather the dorsum sellae and
the upper clivus are part of the sphenoid bone. Bone
marrow inside the clivus changes from red to yellow
(fatty) marrow with age. Kimura et al.,? in their MRI
study of a group of normal adults reported that normal
clival marrow in 23% of the group was enhanced by
gadopentetate-dimeglumine. Kimura et al. considered
that a more homogeneous pattern of contrast enhance-
ment within the marrow was presumably related to the
contrast material pooling within the marrow sinusoids.
Furthermore, enhancement might be observed more readily
in red marrow, whereas the bright signal intensity of
yellow marrow obscures contrast enhancement. In the
present study, MIBI may have pooled in the dorsum sellae
and clivus for similar reasons and regional uptake is due
to hemodynamics that differ from that of MRI contrast
material.

Recently a number of studies have been carried out on
MIBI uptake in normal bone marrow and bone and soft
tissue lesions.?®?7 According to animal experimental stud-
ies reported by Jonsson et al.,!> approximately 80% of
MIBI activity in normal skeletal tissue was found in red
bone marrow. Homogeneously diffuse mild skeletal MIBI
activity is a normal finding and not an indication of
malignancy. Wakasugi et al.?% observed an increase in
homogeneously diffuse mild MIBI activity in the sternum
and thoracic spine of 90 (73%) and 111 (90%) of 124
control patients with presumed normal bone and bone
marrow. There have been no detailed reports on MIBI
uptake in the cranial bone. The marrow in all cranial
bones, however, is hematopoietic to some degree, al-
though the proportions of red and yellow marrow vary.2
We speculated that MIBI was pooling in the clivus and
dorsum sellae, and it accumulated within the marrow
sinusoids. SPECT imaging presumably demonstrated
blood flow and/or metabolism of the bone marrow, and
MRI indicated the degree of bone marrow conversion.

Superimposition is a useful technique when the shape
of accumulation on the SPECT image is circular. Physi-
ological function and organization metabolism can be
evaluated with SPECT imaging, but SPECT is inferior to
MRI in spatial resolution and shows only the distribution
of radioisotope to a particular organization. It may be
difficult to identify the location or size of a lesion based on
SPECT imaging alone. To overcome this disadvantage,
an attempt has been made to obtain diagnostic infor-
mation by superimposing a SPECT image on to an MR
image. There are two methods of registration, one with an
artificial marker?® and one with a patient’s anatomical
characteristics.3® The approach to the latter method in-
volves calculating the transformation matrix of coordi-
nates in relation to scale, rotation and shift of the three
axes in each of the image coordinate systems. In the
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present study we used the latter procedure to superimpose
a SPECT image on an MR image. Because the pituitary
gland is located on the midline of the skull, midsagittal
plane imaging is adopted for both SPECT and MRI.
Theoretically, when the two images are superimposed,
two of the three axes will therefore fit together. Superim-
position is completed by one axial rotation and shift while
the enlargement ratios of the two images are matched.
Additionally, anatomical features such as the nose, calva-
ria, and skull are based on the midsagittal plane aids image
fitting. Fitting errors caused by rotation adjustments are
though to be small because the pituitary gland is located
close to the center of the skull.

It has been suggested that SPECT lesion detection rates
are underestimated when the lesion size is smaller than
twice the full width at half maximum.?'32 Even though the
FWHM introduced in this study was 8 mm, detection was
still possible in microadenomas with diameters less than
10 mm. Microadenoma MIBI uptake was sufficient to
allow SPECT detection and the adenoma itself would
emit a large proportion of the scatter. This supports the
concept that radioactivity of a pituitary adenoma depends
upon not only adenoma uptake but also its scattering
ability. MIBI SPECT may be helpful in diagnosing
microadenoma that cannot be detected by MRI. The
development of SPECT instruments and the introduction
of tracers provide an alternative functional neuroimaging
technique with the relative advantages of lower cost and
clinical accessibility.

CONCLUSION

MIBI was taken up in the dorsum sellae or clivus but not
the normal pituitary gland and had a strong affinity for
pituitary adenoma. This result implies that MIBI SPECT
may be a useful new auxiliary examination technique for
location diagnosis of pituitary adenoma.
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