Macroprolactinomas: Serial MR Imaging in Long-Term

Bromocriptine Therapy
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PURPOSE: To study the changes in macroprolactinomas during long-term bromocriptine therapy
by means of serial MR imaging, and to correlate the findings to the serum prolactin (S-PRL) levels.
PATIENTS AND METHODS: Thirteen patients with macroprolactinomas were studied before and
during bromocriptine therapy; six to 11 MR examinations were performed with a duration of
follow-up of 22 to 74 months. Tumor size, extension, relationship to adjacent structures, and
signal intensity patterns were evaluated. Signal intensity ratios and T2 values were calculated in
areas of apparently solid tumor tissue. RESULTS: Bromocriptine effectively reduced the size of all
tumors; the size reduction was already significant at 1 week, but often continued for several years.
Reenlargement during therapy was seen in three cases. The development of chiasmal herniation
parallel to increasing cisternal invagination into the sella was a common finding, but was not
correlated to visual symptoms. Signal intensity patterns corresponding to hemorrhage, cysts or
necrosis were frequently observed, and transitions from one pattern to another were common.
Hemorrhage occurred mainly in tumors corresponding to high initial serum prolactin levels. After
1 year of therapy, there was a significant increase in T2 values, indicating an increased water
content in residual solid tumor tissue. CONCLUSIONS: MR is valuable for follow-up in bromocrip-
tine therapy of macroprolactinomas, and provides new information on the tumor size changes,

the inner structure of the tumors, and the optic chiasm.
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Bromocriptine, an ergot derivative and dopa-
mine receptor agonist, is widely accepted as the
primary treatment for prolactin-secreting pitui-
tary adenomas (prolactinomas) (1-4). In previous
studies, with use of computed tomography (CT),
the tumor has been found to decrease in size in
the majority of patients on long-term therapy (1-
5). Alterations in tumor attenuation that have
been considered to represent the development of
cysts or hemorrhages have also been reported
(4-6). The reduction of the tumor size has been
attributed to cell involution (7-10), but necrotic
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changes have also been claimed to occur (11-
13).

Many reports have emphasized the value of
magnetic resonance (MR) imaging as a tool in the
assessment of pituitary macroadenomas (tumors
with a minimum size of 10 mm), pointing out its
ability to provide additional information over and
above that yielded by CT (14-16). During bro-
mocriptine therapy, variable MR characteristics
have been observed in prolactinomas (17) that
have been interpreted as involution of tumor cells,
edematous tumor cells, and increased extracel-
lular space (18). The MR findings have also been
attributed to intratumoral hemorrhage (19, 20)
and cysts (21). Signal intensity alterations have
been noted on homogeneous tumor areas, in
addition to the development of presumed cysts
(21). However, as yet no systematic study using
MR imaging has been reported for follow-up
during long-term bromocriptine treatment of
prolactinomas.

The purpose of this investigation was to study
the changes in macroprolactinomas during long-
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TABLE 1: Patient data, S-PRL levels, duration of follow-up, tumor size and tumor reduction

Initial
Puiient A S- Time of Length of Initial Reduction of First Size
No (yr)/Sex PRL  Normalization of ~ Follow-Up  Tumor Size  Tumor Size  Reduction at
' (ng/ S-PRL (mo) (mo) (em?) (%) (wk)
L)
1 51 M 142 3 74 3.8 76 6
2 64 F 2000 3 27 2.0 37 1
3 42 M 2800 18 65 7.0 51 6
4 48 F 3400 6 25 5.0 42 12
5 44 M 2200 18 58 11.2 85 1
6 39M 3900 6 54 7.8 59 6
7 63 F 4800 12 51 10.8 46 27
8 63 M 1260 1.5 50 57 61 1
9 37M 3600 n.n. 44 7.2 57 6
10 57 M 1150 n.n. 22 7.0 41 12
11 23 M 250 6 30 4.1 88 1
12 27 M 4200 6 32 14.1 88 4
13 59 M 3000 n.n. 22 55 65 1

Note.—The patients are numbered in the order of entry into the study. S-PRL, serum prolactin; n.n.

S-PRL reduced, but not normalized.

term treatment with bromocriptine by means of
serial MR imaging, and to correlate the findings
to the serum prolactin (S-PRL) levels.

Patients and Methods

Thirteen patients, 10 men and three women, with pro-
lactin-secreting macroadenomas, who had not previously
been treated with dopamine agonists, were evaluated pro-
spectively. They constituted a consecutive series referred
to the Department of Neurology during a 4.5-year period.
Their mean age was 47.5 years (Table 1). The findings in
five of the patients have been partially included in a
preliminary report (21).

The diagnosis was established clinically and radiologi-
cally. In four patients, it was verified histopathologically;
three of the specimens were obtained surgically and one
by transsphenoidal fine-needle aspiration (22). The initial
maximal S-PRL level varied between 142 and 4800 ug/L
(normal <20 ug/L) (Table 1). Growth hormone levels were
normal in all cases. Eleven patients had not received
treatment previously. Two patients had undergone surgery,
and one of them had received radiotherapy postoperatively;
both of these patients had large residual tumors.

Bromocriptine therapy was initiated by intramuscular
injection of either of two slow-release preparations (Parlodel
LA (long-acting) and Parlodel LAR (long-acting repeatable),
Sandoz, Basel, Switzerland), with subsequent oral treat-
ment; informed consent was obtained in all cases. Clinical
examinations were performed repeatedly, with measure-
ments of S-PRL and examination of the visual fields. MR
examinations were performed 0-20 days before treatment
(n = 12, not done in patient 12), and approximately 1 week
(n=11)and 1.5 (n = 13), 3 (n = 10), and 6 (n = 13)
months after the first dose of bromocriptine. Thereafter,
an approximately 1-year follow-up study was carried out
at 10-15 months (n = 13), a 2-year study at 18-30 months

(n = 12), and a 4- to 6-year study at 44-74 months (n =
7). The duration of follow-up varied between 22 and 74
months (Table 1) and the number of MR studies between
6 and 11 (total 108). CT examinations were carried out
before the start of therapy in all patients.

MR imaging was performed by using a superconductive
unit (Magnetom, Siemens AG, Erlangen, Germany), oper-
ating at 0.35 T in the first four examinations in two patients,
and otherwise at 0.5 T. Using a head-coil, multisection
spin-echo images were obtained with a section thickness
of 10 mm with a 0- to 10-mm intersection gap in 36
examinations, and of 5 mm with a 0- to 1-mm gap in 72.
In all examinations, sagittal T1-weighted images were ob-
tained using 500/30-35/2 (TR/TE/excitations) (300/35/4
at 0.35 T), and frontal proton density- and T2-weighted
dual-echo images, 1500-1800/30-35,90-120/1-2. In seven
patients, the same parameters of the dual-echo sequence
were used in all examinations, and in six patients the
parameters of the T2-weighted images were 1500/120 in
the first 1-4 examinations and 1500/90 in the others.
Sagittal 1500/30-35,90-120/1 images were obtained in
seven patients (35 examinations), and axial 500/30/2 or
1500/30-35,90-120/1 images in all patients (94 examina-
tions). The acquisition matrix was 256 X 256 and the field
of view was 30 cm. In addition, nine patients were examined
with a sagittal multiecho single-section sequence 1500/30-
240/1, eight evenly spaced echoes, and an acquisition
matrix of 128 X 256 or 256 X 256 (57 examinations).
Eleven examinations in six patients (all of them included
the last examination) were also performed after intravenous
administration of Gd-DTPA (0.1 mmol/kg), with both fron-
tal and sagittal T1-weighted images in five examinations,
and only sagittal images in six.

All images were evaluated by two neuroradiologists (P.L.
and K.B.) by consensus. Tumor size changes were esti-
mated both visually and quantitatively. In the quantitative
estimation, a central sagittal T1- (n = 11) or frontal proton
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Fig. 1. Scatter diagram of the percentage of the initial tumor
area plotted against time (all patients). A logarithmic curve is
fitted (dashed line). Tumors showing slow regression (patient 7),
tumor reexpansion (patient 10) and rapid regression (patient 11)
are indicated by lines from top to bottom, in that order.

density-weighted (n = 2) image was chosen, and displayed
at 2X magnification. The tumor area was measured by
outlining the tumor with a pen-guided cursor. The window
settings were chosen subjectively to optimize image con-
trast. Similar patient positions and section levels were used
in the follow-up studies, and a tumor size ratio was calcu-
lated as the ratio between the tumor area in a follow-up
study and that in the initial study. In patient 12, the initial
tumor area was measured on a frontal CT image.

The evaluation included the tumor extension and the
relationship to the cavernous sinus and the base of the
skull; cavernous sinus invasion was considered to be pres-
ent when the internal carotid artery was encased by the
tumor (23). The relationship of the tumor to the optic
chiasm was evaluated. Downward angulation into the sella
of the optic chiasm and optic nerves was considered to
represent chiasmal herniation (24). The signal intensity
patterns of the tumors were classified into three types.
Signal intensity similar to that of cerebral gray matter in
all sequences was regarded as the “solid” type of intensity
pattern. Increased signal intensity relative to gray matter
in all sequences was designated as the “hemorrhagic” type
(25, 26). The third type of pattern was characterized by
high signal intensity in the T2-weighted image with low or
intermediate intensity in corresponding areas of the T1-
weighted image, and was considered to represent an in-
creased water content (27); this is referred to in the follow-
ing as an “increased water” type of pattern. Tumors with
the solid type of intensity pattern only were regarded as
homogeneous, and other tumors as inhomogeneous.

MR parameters were measured on areas with the solid
type of intensity pattern. Measurements were made on
midsagittal T1-weighted images and on frontal (n = 11) or
sagittal (n = 2) proton density- and T2-weighted images.
Circular regions of interest (ROls) comprising 13-57 pixels
were placed in the tumor and also in the anterior part of
the pons and in the splenium of the corpus callosum
(sagittal images), and in the body of the corpus callosum
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(frontal images). Signal intensity ratios of tumor to corpus
callosum, and in the T1-weighted image also of pons to
corpus callosum, were calculated at examinations per-
formed at 0.5 T. From the multiecho sequence, a T2 image
was calculated using the software option of the equipment
(Numaris, Siemens AG), assuming monoexponential proc-
esses. T2 values were also calculated from the dual-echo
images using an algorithm given by Sperber et al (28). The
signal intensity ratio of pons to corpus callosum in the T1-
weighted image and the T2 values of the corpus callosum
(sagittal and frontal sequences) and pons (sagittal se-
quences) were used as references.

The results were analyzed statistically with the Wilcoxon
sign-rank test, one-way analysis of variance, Fisher's exact
test, and linear regression. Probabilities below .05 were
accepted as indicating significance.

Results
Tumor Size and S-PRL Levels

The visual and quantitative estimations of the
changes in tumor size were in close agreement in
all patients. The third axis of the tumor that was
not included in the quantitative assessment vis-
ually paralleled the changes in the central tumor
area, or remained unchanged. All tumors dimin-
ished in size, the maximum reduction ranging
between 37% and 88% (mean 61.2%) (Table 1).
A scatter diagram with the tumor size ratio plotted
against time for all patients is given in Figure 1.
In patient 12, both MR and CT were performed
at the first follow-up, and the tumor size meas-
ured at the two examinations differed by less than
5%.

Visually, a size reduction was evident at 1 week
in five patients, and at 1-6 months in the other
eight. There was an approximately 50% reduc-
tion at 1-6 weeks in three patients (Fig. 2).
Statistically, the tumor size was significantly di-
minished already at 1 week (P = .015, Wilcoxon
sign-rank test), and later the significance was
stronger.

In two patients, steady state was achieved
without any further detectable changes in tumor
size after 12-17 months; in eight patients, the
size reduction continued throughout the period of
follow-up (Fig. 2); and in three patients, there was
an increase in tumor size after an initial decrease.
In one of these, an area of the “hemorrhagic” type
of intensity pattern had increased in size at the
last examination, with slight expansion of the
tumor (Fig. 3). In another patient (patient 10), the
tumor size had decreased by 41% 1 year after
the start of therapy, but at 2 years it had almost
regained the initial size (Fig. 1) and there was a
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Fig. 2. Patient 5. T1-weighted (500/30) sagittal images.
A, Before therapy. There is a large suprasellar portion of the tumor, containing an area of presumed hemorrhage (black arrow). The

tumor extends into the clivus (white arrow).
B, At 1 week. Most of the suprasellar portion has disappeared. The chiasm reaches to the level of the sellar entrance plane.

C, At 3 months. A central hypointense, irregular area has developed (moderately hyperintense in a T2-weighted image, not shown).

The area of hemorrhage has disappeared.
D, At 28 months. In the center of the tumor there is a hypointense area with a thin surrounding rim. Because of increasing headaches,

a transsphenoidal fine-needle aspiration was performed, and yielded 4 mL of colorless fluid.
E, At 58 months. There is a thin, slightly irregular area of residual tissue in the sella. The chiasm (arrow) is herniated into the sella,

and the optic recess of the third ventricle is elongated.
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Fig. 3. Patient 3.

A and B, T1- (500/30) and T2-weighted (1500/120) sagittal images before therapy. There are areas of presumed hemorrhage within
the tumor; the lower area with high signal intensity in the T1-weighted image corresponds to mixed, mainly slightly low intensity in the
T2-weighted image (long arrow). There is also an area of the “increased water” type (short arrow).

Cand D, T1- and T2-weighted (1500/90) sagittal images at 1 year. The tumor has decreased considerably in size. The intrasellar
area of presumed hemorrhage now has the appearance of a cyst (long arrow). There is slight residual hyperintensity in the T1-weighted
image (open arrow).

E, A T1-weighted sagittal image at 30 months shows further size reduction. Again, a small area of presumed hemorrhage is seen
inferiorly (arrow). The chiasm reaches to the level of the sellar entrance plane.

F, T1-weighted sagittal image at 65 months. The tumor size has increased slightly and there are now larger areas of presumed
hemorrhage.
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fourfold increase of the S-PRL level compared
with the lowest value. Because of increasing vis-
ual impairment the patient then underwent sur-
gery, and solid tumor tissue was found (he was
thereafter excluded from the study). In the third
patient (patient 12), there was a 54% size reduc-
tion at 1 month, but at 3 months the tumor had
reexpanded and at 7 months reached 75% of the
initial size, while S-PRL was lowered to a normal
level. Visual deterioration occurred, corticosteroid
therapy was initiated, and a transsphenoidal fine-
needle aspiration was performed, which yielded
2 mL of blood-stained fluid. Thereafter, during
continued bromocriptine treatment, the tumor
size gradually diminished, reaching 12% of the
initial size.

The S-PRL levels decreased rapidly in all pa-
tients, and after 3—18 months it had reached a
normal level in 10 of them. The reduction of S-
PRL always preceded the reduction of the tumor
size.

Tumor Extension and Adjacent Structures

Initially, 10 tumors showed suprasellar exten-
sion, and the optic chiasm was displaced in all
these cases. The suprasellar portion of the tumor
disappeared completely during treatment in nine
cases, and in eight of these the optic chiasm had
herniated into the sella (n = 3) or the sellar
entrance plane (n = 5) at the end of follow-up
(Figs. 2, 3, and 4). In one patient without supra-
sellar extension, herniation of the chiasm was
found before therapy, and, in this case, the her-
niation into the sella increased with reduction of
the tumor size (Fig. 5). In the T2-weighted image,
high signal intensity was observed in the chiasm
at the end of follow-up in this patient and in two
further patients with marked herniation (Fig. 4).
In all cases of chiasmal herniation, the suprasellar
cistern became invaginated into the upper part
of the sella (partially empty sella). The herniation
paralleled the increasing sellar invagination of the
suprasellar cistern. Invagination of the suprasellar
cistern was also seen in three patients in whom
the optic chiasm appeared normal. There was no
visual deterioration in any of the patients with
chiasmal herniation; two of them had no visual
disturbances at all, and six had visual field defects
initially that disappeared or improved during
treatment.

Signs of tumor invasion of the cavernous sinus
and/or the base of the skull were found in nine
patients. As estimated visually, the size of the
tumor portion in the cavernous sinus paralleled
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the changes in size of the total tumor. Tumors
located in the base of the skull diminished con-
centrically or eccentrically (Fig. 5), with increas-
ing aeration of the sphenoid sinus.

Signal Intensity Patterns

Before therapy, five tumors were homogene-
ous and eight were inhomogeneous, correspond-
ing to 10 areas of inhomogeneity (two tumors
having both the “hemorrhagic” and “increased
water” types) (Fig. 6). Eight new focal areas of
inhomogeneity appeared in seven patients; four
of these areas were of the increased water type
(one verified as a cyst by transsphenoidal fine-
needle aspiration, Fig. 2), and four were of the
hemorrhagic type. Twelve areas disappeared dur-
ing bromocriptine therapy—five of the increased
water type and seven of the hemorrhagic type.
Changes between the hemorrhagic and the in-
creased water types of intensity pattern were
common (Figs. 3 and 7). On a total of nine
occasions in seven patients, new areas of the
hemorrhagic type or changes into this type were
noted. Two initially homogeneous tumors re-
mained so throughout the follow-up period.

Most areas of inhomogeneity appeared during
the first 6 months of therapy (Fig. 6), but two
new areas were noted after 1 year or more. One
area of the hemorrhagic type persisted for 1 year,
five were present for 3-6 months, and seven were
seen at one examination only. In one patient
(patient 7), a lesion of the hemorrhagic type
preceded any demonstrable change in tumor size,
but, otherwise, changes of the signal intensity
patterns occurred at the same time or later than
the first reduction in tumor size.

Hyperintensity in the T1-weighted image with
corresponding hypointensity in the T2-weighted
one was seen initially in one patient (Fig. 3); later,
there was hyperintensity in both images. Disap-
pearing areas of the hemorrhagic type turned into
hypointense areas on T2-weighted images in
three cases, in one of them with a ringlike shape.

Most areas of the hemorrhagic type were small.
Larger areas occurred among those of the in-
creased water type and among those changing
between the two types. In addition to the previ-
ously mentioned tumor reenlargement in patient
3, temporary expansion of part of the tumor
adjacent to an area of the hemorrhagic type
occurred in patient 7 (Fig. 7); both lesions were
clinically silent. There was no tumor reexpansion
associated with the increased water type of inten-
sity pattern. In one patient, an opening was seen
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to develop between an area of the increased water
type and the suprasellar cistern, resulting in intra-
sellar invagination of the cistern.

Measurements of MR Parameters

Nine examinations were excluded from the
analysis of MR parameters, two for technical
reasons (damaged magnetic tape), and seven be-

Fig. 4. Patient 12. All images are from the 2-year follow-up. Initially, the tumor had
a large suprasellar portion.

A, Frontal T1-weighted (500/30) image. There is residual tumor in the lower part of
the sella and invagination of the suprasellar cistern in the upper part. The chiasm (arrow)
is herniated into the sella.

B, Corresponding T2-weighted image (1800/90). The bulk of the tumor is hyperin-
tense. There is also hyperintensity in the left-hand part of the chiasm (arrow).

C, Frontal Gd-DTPA-enhanced T1-weighted image. The tumor is enhancing, though
irregularly, with less pronounced enhancement centrally.

D, Sagittal contrast-enhanced T1-weighted image. There is marked herniation of the
optic chiasm (arrow) and elongation of the third ventricle.

cause there were only minor visible areas of the
solid type of intensity pattern (three patients). In
addition, from the eight examinations performed
at 0.35 T, the signal intensity ratios were not
calculated, but calculations were made of T2
values from dual-echo sequences. Visually, dif-
fuse moderate hyperintensity in the T2-weighted
image developed in six tumors (Fig. 5), and it
was doubtful whether these areas should be char-
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Fig. 5. Patient 4.

A and B, Sagittal T1- (500/30) and T2-weighted (1500/90) images before therapy.
The tumor is located in the sphenoid sinus and the clivus. It is moderately hypointense
on the T1-weighted image and slightly hyperintense on the T2-weighted. The chiasm

(arrow) is herniated into the sella.

C and D, Corresponding images after 1 year of treatment. The tumor has decreased
in size by 50%. It is more markedly hypointense in the T1-weighted image, and distinctly
hyperintense in the T2-weighted. The herniation of the chiasm is more pronounced, and
it is faintly hyperintense in the T2-weighted image (arrow) (more distinct hyperintensity

in the 2-year follow-up).

acterized as the solid type of intensity pattern or
the increased water type, but they were included
in the analysis of MR parameters. Four of these
patients were examined after administration of
Gd-DTPA, and the hyperintense tumor areas all
showed enhancement (Fig. 4).

The coefficient of variation of the pixel values
within the ROIs did not exceed 20%; in most
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cases, it was less than 10%. The calculated T2
values of the corpus callosum did not differ sig-
nificantly between the 1500/35,120 (0.35 T),
1500/30-35,90 (0.5 T), 1500/35,120 (0.5 T) and
1800/30,90 (0.5 T) sequences (one-way analysis
of variance; mean values (SD) 77.9 (7.6), 73.6
(5.9), 71.6 (8.0), and 71.7 (7.3) msec, respec-
tively), and the T2 values obtained from the four
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Fig. 6. The number of homogeneous and inhomogeneous
tumors before and during bromocriptine therapy, and at the end
of follow-up. In patient 12, the classification regarding the baseline
examination was based on CT, which showed a hypodense,
nonenhancing area that was considered to be an area of the
“increased water” type.

sequences, therefore, were analyzed together. For
each patient, the coefficient of variation of the
references during the period of follow-up was
calculated. It was found not to exceed 10% either
for the pons/corpus callosum signal intensity
ratio (T1-weighted image), or for the T2 values
of the corpus callosum (dual- or multiecho se-
quences) and pons (multiecho sequence). The
reference values did not differ significantly be-
tween the baseline and any of the follow-up
examinations (Wilcoxon sign-rank test) (Fig. 8).
The results of the analysis of the MR parame-
ters are summarized in Table 2 and Fig. 8. The
mean tumor/corpus callosum signal intensity ra-
tio in the T1-weighted image increased slightly in
the first 6 months but had decreased again at 1
and 2 years; the changes were not significant.
The signal intensity ratio was increased by 20%-
40% at 3-6 months in two patients (patients 8
and 12; in the latter case in comparison with the
1-month follow-up). The signal intensity ratio in
the proton density-weighted images did not
change significantly; in the T2-weighted image
there was an increase in seven patients (statistical
analysis was not performed due to the variable
sequences) (Table 2). T2 values based on both
the dual-echo (Fig. 8) and the multiecho se-
quences were increased at the 1- and 2-year
examinations. The multiecho sequence value at
1 year differed significantly from the pretreatment
value, and the same applied to the dual-echo
sequence at 2 years (P = .028 and .015, respec-
tively, Wilcoxon sign-rank test). T2 did not in-
crease in all patients; in patients 2 and 3 it
changed only slightly. In patient 10, it was re-
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duced by 20% at 6 months, with a subsequent
slight increase. Patient 11 showed a 30% de-
crease in T2 (dual-echo) at 1.5 months; thereafter,
it could not be measured. In five patients, the T2
value at 4-6 years was similar to the 1- and 2-
year values, and, in one patient, it was lower.

Correlation between the Parameters

The average size reduction in the group of
three tumors without suprasellar extension was
smaller than in the group of 10 tumors with initial
suprasellar extension; the three former patients
were all women and the latter were all men. Areas
with the hemorrhagic type of intensity pattern
developed more often in tumors associated with
an initial S-PRL level exceeding 2500 ug/L than
in those associated with lower S-PRL levels (six/
seven vs one/six, P < .05, Fisher's exact test).
No further correlation was found between the
initial tumor parameters, ie, S-PRL, tumor size,
tumor extension, signal intensity patterns, and
MR parameters, and the tumor parameters during
bromocriptine therapy, ie, time taken for nor-
malization of S-PRL, maximal tumor size reduc-
tion, rate of size reduction, appearance of areas
of inhomogeneity, and MR parameters. The latter
parameters did not correlate to each other.

Discussion

In this series, bromocriptine treatment of ma-
croprolactinomas was found to be effective, in
accordance with previous reports (1-4). Using
serial MR imaging, new and clinically important
information was obtained, both regarding the
tumor size changes, the optic chiasm, and
changes within the tumors. In addition, the time
of follow-up was longer than in prior studies (1-
5), which also provided a new perspective on the
effects of bromocriptine on prolactinomas.

We found a high frequency (six out of seven
cases) of further tumor shrinkage after 2 years of
follow-up, indicating that prolonged treatment is
meaningful. A similar finding has not been re-
ported previously to our knowledge, which might
be related to the longer time of follow-up in our
series than in previous studies relying on CT (1,
3, 5), and possibly also to a higher sensitivity of
MR than CT in detecting small changes in tumor
size. Otherwise, the tumor size changes corre-
spond roughly to those observed in previous
studies (1, 3, 5), but a more than 80% reduction
has only rarely been reported (29). Rapid tumor
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Fig. 7. Patient 7.

A, Sagittal T1-weighted (500/35)
image before therapy. The tumor is
located in the base of the skull. There
is a slightly hypointense area ante-
riorly (arrow).

B, Corresponding calculated T2-
image from the multiecho sequence
1500/30-240. High T2 values are
found in the anterior part of the tumor
(arrows), and extend more caudally
than the hypointense area in A. The
ROI was placed in the posterior part
of the tumor.

C, Sagittal T1-weighted (500/35)
image at 6 months. An area of pre-
sumed hemorrhage has appeared in
the anterior part of the tumor. The
superior part of the tumor adjacent to
the hemorrhagic area is bulging lo-
cally; but the tumor area has de-
creased by 10%.

D, Sagittal T1-weigthed (500/35)
image at 10 months. The area of
presumed hemorrhage has decreased,
and a hypointense peripheral zone is
now seen (hypointensity in T2-
weighted images also, not shown).
The anterior part of the tumor is
smaller. There are irregular, slightly
hypointense areas posteriorly.

T2 (ms)

2007

180 B Tumor

160 1 O Corpus callosum

140 7
120 7
100 1
80
60 7
40 7

n= 12 12 12 10 10 10 10 6

Before 1week 1.5months 3 months 6 months 1 year 2 years
therapy

4-6 years

Fig. 8. Mean T2 (SD) of the tumor and of the corpus callosum,
calculated from the dual-echo sequence. n = number of patients
forming the basis of the graph.

regression has previously been described (29, 30),
and was not infrequent in parenteral bromocrip-
tine therapy. Neither the basal S-PRL level nor
the initial tumor size could predict the final degree
or the rate of tumor size reduction. Tumors with
suprasellar extension were associated with a more
marked size reduction than those that mainly
grow in the base of the skull, but the number of
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patients was small and there was also a difference
in sex distribution between the two groups.

The tumor size changes were estimated by a
two-dimensional model, which has been shown
to correlate strongly to the tumor volume (31).
The comparison between the patients regarding
the initial tumor size must be regarded as a rough
approximation (31).

To our knowledge, chiasmal herniation into the
sella as a result of bromocriptine therapy has not
previously been reported. A possible cause of this
herniation might be adhesions between the su-
prasellar portion of the tumor and the chiasm,
resulting in traction of the chiasm with reduction
of the tumor size. The development of high signal
intensity in the chiasm in the T2-weighted image
indicates an increased water content. Whether
this reflects edema, gliosis, or other histologic
changes is uncertain. None of our patients had
visual disturbances that could be attributed to the
chiasmal herniation, but visual symptoms have
been found to be associated with chiasmal her-
niation in primary empty sellae (24). In the event
of visual deterioration during bromocriptine treat-
ment of macroprolactinomas, chiasmal hernia-
tion, therefore, must be considered as an alter-
native cause in addition to tumor reexpansion.
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TABLE 2: Signal intensity ratios and T2 before and after 2 years of therapy
Signal Intensity Ratio (tumor/corpus T2 (msec)
callosum)
Patient TR/TE (1500-1800/ .
No. TR/TE (500/30-35) 90-120) From Dual Echo From Multiecho
Before After 2 Before After 2 Before After 2 Before After 2
Therapy  (4-6)yr  Therapy  (4-6) yr  Therapy  (4-6) yr  Therapy (4-6) yr
1 - (0.84) - 1.28 93 134 - -
2 - 0.84 - 1.17 98 110 - -
3 0.89 0.87 1.38 1.29 92 83 112 130
4 0.85 0.60 1.31 1.66 96 230 130 -
5 0.84 0.87 1.30 1.50 94 200 141 243
6 0.77 - 1.18 - 99 - 178 -
7 0.74 0.85 1.12 1.58 107 125 145 (207)
8 0.76 (0.69) 1.12 (1.63) 93 (175) 159 -
9 0.74 0.77 1.26 1.50 98 111 113 253
10 0.81 0.87 105 1.41 101 103 120 141
11 0.73 - 1.56 - 93 - 169 -
12 - 0.75 - 1.59 - 196 - -
13 1.07 1.01 1.40 1.43 78 119 - -

Note.—Dashes represent examinations that were not performed or that were impossible to analyze
quantitatively. Values in parentheses = no value available at 2 years; the value from the 4- to 6-year follow-

up is entered.

This differential diagnosis will readily be resolved
by MR.

Areas of hyperintensity in all sequences prob-
ably corresponded to subacute or chronic hem-
orrhage (25, 26), and the hyper- and hypointense
area in the T1- and T2-weighted images, respec-
tively, seen in patient 3 most likely represented
more recent hemorrhage (32). Areas of low and
high signal intensity in the T1- and T2-weighted
images, respectively, were seen in seven patients,
ie, an appearance typical of tumoral cysts (33).
In three patients, there was isointensity in the T1-
and hyperintensity in the T2-weighted images.
The histologic basis of these areas is more ob-
scure. The increased signal intensity in the T2-
weighted image indicates a high water content
(27), supporting the possibility of necrosis or
cysts, and a relatively large number of such areas
have previously been found to correspond to
nonenhancing areas on CT (15).

Areas of presumed hemorrhage, cysts, or ne-
crosis developed frequently. Using CT, Wolpert
(5) found a similar frequency of development of
low-density areas in macroprolactinomas during
bromocriptine therapy. MR revealed a dynamic
course with transitions from one type of degen-
erative change to another. Yousem et al (19)
reported that 50% of their patients with prolac-
tinomas undergoing treatment with bromocrip-
tine showed intratumoral hemorrhage. Similarly,
we found a high incidence of hemorrhage, but in

our study, new information on the changes over
time was obtained, and a particularly high prev-
alence of hemorrhagic tumors was noted after 6
months of therapy. The pituitary apoplexy syn-
drome has been observed in patients with prolac-
tinomas during treatment with bromocriptine (34,
35). We observed slight tumor reexpansion, local
or generalized, due to intratumoral hemorrhage
in two patients, but neither of them had any
clinical symptoms. Scotti et al (4) also found
tumor reexpansion that was probably due to
hemorrhage in two out of 28 patients. All of these
findings indicate that, in patients with macropro-
lactinomas receiving bromocriptine, there is a risk
of tumor expansion due to hemorrhage, even
after 5 years of therapy. Close clinical surveil-
lance, therefore, is indicated.

The relative stability of the MR reference pa-
rameters indicate that the reproducibility of the
measurements is reasonably good, in accordance
with the findings in previous studies in which
relaxation times were calculated from similar se-
quences (36, 37). However, the signal intensity
ratio in the T2-weighted image was derived from
various sequences and a reference was lacking,
which rendered the analysis of this parameter
difficult.

The histologic basis of the regression of prolac-
tinomas during bromocriptine therapy has not
yet been definitely settled. The size reduction has
been attributed by some authors to cell involution
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(7-10), and other studies have indicated that
necrosis also occurs (11-13). Bassetti et al (8)
found a 39%-47% reduction in cell area in ade-
nomas from patients treated for up to 1 year.
The connective tissue stroma of prolactinomas
has been reported by several authors to increase
during bromocriptine therapy (8, 12, 39). In view
of these results, our finding of a 80%—-90% tumor
area reduction is difficult to explain, except on
the basis of cell loss.

The increase in the relaxation time T2, which
was seen in eight out of 11 patients (in one of
them, possibly in relation to radiation therapy),
has not been reported previously to our knowl-
edge, and indicates an increased tissue water
content (27). Nevertheless, the tumors were
found to be contrast-enhancing. Therefore, it
seems unlikely that the tumors were grossly cys-
tic or necrotic. After 3-8 months of bromocrip-
tine therapy, Gen et al (11) found atrophic tumor
cells and signs of necrosis, with acellular spaces
containing necrotic cells, hyaline substance, and
fibrosis. These findings might explain our obser-
vation of an increasing T2, as the necrotic areas
will probably have a large content of water. The
persistent tumoral stroma with increasing peri-
vascular fibrosis (12, 38) seems to explain the
remaining contrast enhancement. In our opinion,
therefore, both the marked tumor size reduction
and the increase in T2 indirectly support the view
that necrosis plays a part in the regression of
some adenomas during long-term bromocriptine
therapy.

After short-term treatment with bromocriptine
(6 weeks), several investigators have found cell
involution but no evidence of necrosis (7-10). We
did not observe any significant alterations in re-
laxation times until after 1 year of therapy, and
it is not clear whether the cell involution will result
in any changes in the MR parameters. In two
cases, however, a reduction of T2 was seen at an
early stage, possibly reflecting dehydration due
to reduction of the cell volume.

In addition to tumor reexpansion due to focal
hemorrhage, reexpansion was seen in two pa-
tients, and, in one of them, there was radiologic
and surgical evidence of regrowth of tumor tissue.
Tumor regrowth during bromocriptine therapy
has been reported previously, and has been at-
tributed to resistance of cells to dopamine agonist
action (40). In our case, T2 showed only a slight
change, but this tumor could not be clearly dis-
tinguished from the others on the basis of the MR
characteristics. In the other patient, there was a
moderate diffuse increase in the signal intensity
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ratio in the T1-weighted image, together with a
slight increase in T2. Positron emission tomog-
raphy with ''C-labeled methionine (41) indicated
that the tumor was metabolically inactive, and,
at transsphenoidal fine-needle aspiration, a small
amount of hemorrhagic fluid was obtained. These
findings might reflect diffuse hemorrhagic necro-
sis within the tumor (Muhr et al, unpublished
data).

In our opinion, periodic MR imaging during
bromocriptine therapy of macroprolactinomas is
highly valuable to ensure that the treatment is
effective, and for early detection of tumor reex-
pansion. Our study shows that reexpansion after
an initial regression is not rare, and this may
occur without an increase of S-PRL. Examination
of the visual fields may be insensitive because of
persisting defects after previous chiasmal
compression. Invasive tumors may also expand
laterally or inferiorly without compression of the
visual pathways. The intervals between the MR
examinations must be determined individually
according to the therapeutic response. We sug-
gest that, after the baseline examination, MR is
performed at 1 month, 3 months, and 1 year,
provided that there is tumor regression both clin-
ically and radiologically. The intervals thereafter
may often be longer and gradually increased, eg,
2-4 years, but with annual clinical check-ups.
The MR studies should be performed with both
frontal and sagittal images. The information that
was unique to the T2-weighted images was val-
uable in cases with tumor reexpansion, but was
otherwise primarily of scientific interest. There-
fore, we propose that the baseline examination is
carried out with both T1- and T2-weighted im-
ages, and that T1-weighted images may be suf-
ficient during follow-up, unless tumor reexpan-
sion or clinical deterioration occurs. Although
based on a limited experience, we believe that
enhancement with Gd-DTPA, in general, will not
be necessary.

In conclusion, MR was highly useful for follow-
up in bromocriptine therapy of macroprolactino-
mas, and provided new information regarding the
optic chiasm, degenerative changes, and the
water content in areas of apparently solid tumor
tissue. New information on the long-term tumor
size changes was also obtained.
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