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Abstract Atypical and anaplastic meningiomas
frequently recur in the relatively short-term after sur-
gery. We have followed such postoperative cases by
short-interval repeated MRI and have performed
stereotactic radiosurgery (SRS) for progressive tumors
as a salvage therapy. The objective of this report was
assessment of the degree of tumor control, the risk of
complications, and the presence of variables that
predict outcome in patients treated with SRS for high-
grade meningiomas. We reviewed 12 high-grade
meningioma patients with 30 lesions treated by Linac-
based SRS at Kyoto University Hospital between 1997
and 2002. They included 10 atypical meningiomas and
2 anaplastic ones according to the WHO classification.
A mean tumor volume was 4.40cc and a mean marginal
dose of SRS was 18.0 Gy (12-20 Gy). After a mean
follow-up period of 43.4 months (6-84 months), 13
lesions had progression tumor within the SRS field and
6 lesions had out of the SRS field. Nine of 14 lesions,
which were treated by SRS with a marginal dose of less
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than 20 Gy, had local recurrence in the SRS field. In
contrast, four of 16 lesions, which were treated with
marginal dose of 20 Gy, had local recurrence in the
SRS field. The marginal dose <20 Gy was a statistically
significant factor for a short-term progression in high-
grade meningiomas (P = 0.0139). Five-year progres-
sion-free survival ratio in lesions treated with SRS
below 20 Gy and 20 Gy were 294% and 63.1%,
respectively. In conclusion, based on our findings, we
suggest that recurrent high-grade meningiomas be
treated by. SRS with a marginal dose exceeding 20 Gy.

Keywords Stereotactic radiosurgery - Meningioma -
Atypical - Anaplastic

Introduction

Meningiomas arise from the dural covering of the
brain. They account for 13-26% of all primary intra-
cranial tumors and are the most common benign
intracranial neoplasms. Histologically, 4-7% of
meningiomas are atypical and 1-2% are anaplastic [1]
and surgery has been the primary treatment modality
regardless of subtype [2]. The extent of surgery plays
an important role in predicting the risk of recurrence
and may determine the need for adjuvant therapy
[3-5]. In selected patients, stereotactic radiosurgery
(SRS) is an effective treatment for benign meningio-
mas both as an adjunct to subtotal resection and as the
primary therapy [6-10]. Benign meningiomas have an
indolent natural history and an excellent cure rate with
either surgery or radiotherapy [11]. On the other hand,
atypical and anaplastic meningiomas tend to recur in
the relatively short term even after radical surgical
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resection. The S-year survival rate for these histologi-
cally aggressive tumors is reportedly 50-70% {11, 12].
We closely followed operated patients with high-grade
meningiomas by MRI studies and performed SRS as
salvage therapy in patients with tumor progression.
Here we report the degree of tumor control, the risk of
complications, and the variables that predict treatment
outcomes in SRS-treated patients with high-grade
meningiomas.

Methods and materials

Between October 1997 and November 2002, 12
patients with atypical or anaplastic meningioma
underwent SRS at Kyoto University Hospital. Patients
with hemangiopericytoma or neurofibromatosis-type 2
were excluded from this analysis. All included patients
had histologically confirmed atypical or anaplastic
meningioma diagnosed at the time of their initial
craniotomy. There were 8 males and 4 females; their
mean age was 58.5 years. All patients provided prior
informed consent for inclusion in this study and the
investigation was approved the by Ethics Committee of
Kyoto University.

According to the 2000 WHO classification, the diag-
nosis of atypical meningioma is based on a combination
of histological features, i.e. increased mitotic activity (4
or more mitoses per 10 high-power fields), hypercellu-
larity, eosinophilic macronucleoli, sheetlike growth, and
small cell collections [1, 13]. The diagnosis of anaplastic
meningioma is based on the histological features of
frank malignancy. These include “carcinoma-like” foci
and/or highly mitotically active tumor cells with 10-20 or
more mitoses per high-powered field, and far exceed the
abnormalities present in atypical meningioma. We
reviewed the histopathology of the 30 tumors included in
this study; the diagnosis of atypical (WHO grade IT) or
anaplastic (WHO grade III) meningioma was confirmed
by a neuropathologist [7].

In this series, 10 patients (83.3%) had atypical- and 2
(16.7%) had anaplastic meningiomas; all were treated
with LINAC-based SRS using 6 MV X-ray beams
generated by Clinac-2300c linear accelerator (Varian
Inc., Palo Alto, CA) at Kyoto University Hospital.
Treatment planning was carried out using the X-knife
system (Radionics Inc., Burlington, MA), following a
3 mm-slice contrast-enhanced tumor lesions and criti-
cal structures, such as eyes, brain stem and optic
nerves, were delineated. The characteristics of the 12
patients with 30 lesions are outlined in Table 1.

As 8 patients harbored 1- and 4 had 2 or more
tumors, and 4 patients had undergone 2 or more SRS

@ Springer

Table 1 Summary of 12 meningioma paticnts treated by SRS
and characteristics of their 30 lesions

Characteristics Mean/median Range
Patients (n = 12)
Age (yrs) 5851/63 32-69
Sex

Male 8

Female 4
Tumors (n = 30)
Location

Skull base 6

Non-skull base 24
Grade

Atypical 25

Anaplastic 5
Target volume (cm®) 4.40/2.87 0.29-18
Follow-up period (months) 43.4/44 684
Marginal dose (Gy) 18/19 12-20
80% dose-coverage volume (%) 97.1/98.5 80-100
Prescription dose

<20Gy 14

20Gy 16

treatments, a total of 30 tumors were treated in the 12
patients. In 11 patients the tumors recurred after one
or more operations, one patient underwent SRS as a
primary treatment for late recurrence after surgical
resection and 2 patients received external beam radi-
ation therapy after microsurgery and before SRS.

Medical records were reviewed for data such as age
and sex and the dates of meningioma diagnosis, com-
pletion of radiotherapy, and death or most recent
follow-up.

A neurosurgeon, radiation oncologist, and radiation
physicist participated in all dosimetry planning. The
highest emphasis was placed on designing an isodose
line that conformed to the exact tumor shape. The
mean radiation dose to the periphery of the lesion was
18.0 Gy (range 12-20 Gy); in most cases delivery was
to the 80% isodose line (range 80-100%). All patients
were treated with a single isocenter; the collimator
diameter ranged from 12.5 to 35 mm. In cases with an
irregular target, the treatment plan was modified by
changing the weight, plane and angle of the arcs to
achieve higher dose conformity.

The radiographs were visually inspected by a radi-
ologist to monitor changes in tumor size over time.
Pre- and post-treatment images were available for
comparison studies in all patients. Tumor dimensions
were compared in the axial, sagittal, and coronal
planes. A decrease in any one dimension without a
concomitant increase in any other dimension was
recorded as a decrease in tumor size, growth in any
plane as an increase. The tumor size was recorded as
unchanged, decreased, or increased at each point of
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inspection. Tumor growth adjacent to the irradiated
tumor and outside the isodose volume was defined as
margin recurrence; tumors that developed at noncon-
tiguous sites were considered distant recurrences.

For statistical analysis we constructed Kaplan-Meier
plots for survival and progression-free survival (PFS)
using the dates of diagnosis, first surgery, first SRS,
follow-up scans, and death or last follow-up. PFS and
overall survival time were calculated from the day of
the first SRS using the Kaplan-Meier method.
Univariate analysis was performed.on the Kaplan-
Meier curves using the logrank statistic with P < 0.05
set as significant [14]. Standard statistical processing
software (SPSS, version 14.0J and Prism, version 4.0)
was used. '

Results

Of the 12 patients, 11 reported for regular postopera-
tive clinical visits. One patient manifested tumor pro-
gression 4 months after undergoing SRS; she
underwent surgical resection 17 months from the date
of SRS and the diagnosis of atypical meningioma was
verified histologically.

The patients were observed for a mean of
43.4 months (range 6~84 months); at the end of the
observation period 10 patients were alive. Death in one
case was the result of lung metastasis from anaplastic
meningioma which was based on the histological
features, the other patient died from disease progres-
sion. The overall 5-year survival rate was 80.8%
(Fig. 1). We treated 14 lesions with a lower radiation
dose than 20 Gy to avoid severe anticipated toxicity.
Six lesions were in close proximity to the brainstem or
optic nerve (to optic nerve, <8 Gy). Two pairs of dual
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Fig. 1 Kaplan-Meier estimate of overall survival curve and
progression-free survival curve in all patients after the first SRS
for high-grade meningiomas

lesions treated simultaneously were close to each
other, and 2 lesions were near prior radiosurgery sites.
One lesion was located within the high dose volume of
a prior EBRT field. One lesion that was treated as a
low-grade meningioma was determined to be an atyp-
ical meningioma at the time of salvage surgery
following progression after SRS. The other 16 lesions
were treated by SRS with a marginal dose of 20 Gy.
The statistics for PFS at 20 Gy and <20 Gy are shown
in Fig. 2; the 2- and 5-year PFS rate for the 12 patients

- with high-grade meningioma was 48.3%. The median

and mean time to recurrence was 4 and 7.7 months,
respectively (range 3-23 months); 6 of the 12 patients
(13 of 30 lesions) manifested in-field recurrence.

We performed Univariate analysis using the logrank
test to assess factors that influence the length of PFS.
The variables were sex, age (older or younger than
50 years), tumor location (skull base or non-skull-
base), target volume (more or <8 cc, and more or
<2.87 cc), dose (20 Gy or <20 Gy), and tumor grade
(atypical or anaplastic). As shown in Table 2, 9 of 14
(64.3%) lesions treated by SRS with a marginal dose
below 20 Gy recurred in the radiation field; the median
time to progression (TTP) was 6 months. In contrast, 4
of 16 (25.0%) lesions treated with a marginal dose of
20 Gy exhibited a local recurrence in the radiation
field; the median TTP was 21 months. The radiation
dose (20 Gy) was the only factor significantly associ-
ated with better PFS.

Kaplan—Meier plots, generated for overall survival
and PFS (Figs. 1, 2) showed that patients treated with
doses below 20 Gy had a 1-, 2-, and 5-year PFS of 39.2,
294 and 29.4%, respectively. Patients who had
received 20 Gy had a 1-, 2-, and 5-year PFS of 85.2%,
63.1%, and 63.1%, respectively (P = 0.0139). The
characteristics of lesions treated with 20 Gy or <20 Gy

Progression-free survival after SRS
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Fig. 2 Kaplan-Meier progression-free survival curves in all
patients after the first SRS for high-grade meningiomas treated
with SRS doses of 20 Gy or <20 Gy. The delivery of 20 Gy was a
statistically significant factor for longer progression-free survival
(P = 0.0139)
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Table 2 Characteristics of lesions treated by SRS with 20 Gy or
<20Gy

Marginal dose (<20Gy) (20Gy)
Mean age 59.9 years 50 years
Mean/median target volume  4.10/1.75 cm®  4.67/2.91 cm®
Mean/median marginal dose 15.2/15 Gy . 2020 Gy
80% dose coverage volume 98.9% 98.4%

Total lesions 14 16

Recurrent lesions 9 4

1-year PFS rates 39.2% 85.2%

2-year PFS rates 29.4% 63.1%

5-year PFS rates 29.4% 63.1%

are shown in Table 2. The median and mean volume of
all tumors was 2.87 cc and 4.40 cc, respectively (range,
0.29-18 cc). The mean and median tumor volume of
lesions treated with less than 20 Gy was 4.10 cc and
1.75 cc, respectively. The mean and median tumor
volume of lesions treated with 20 Gy was 4.67 cc and
2.91 cc, respectively. The mean and median dose of
lesions treated with <20 Gy was 15.2 Gy and 15 Gy,
respectively. PFS was not affected by the tumor size;
the 80% dose coverage volume was 98.9% at <20 Gy
and 98.4% at 20 Gy (Table 2). In the cases of atypical
meningioma (25 lesions), Kaplan-Meier plots, gener-
ated for overall survival and PFS showed that patients
(12 lesions) treated with doses below 20 Gy had a
5-year PFS of 29.4%. Patients (13 lesions) who had
received 20 Gy had a 5-year PFS of 63.1%
(P = 0.0213). There were 2 anaplastic meningiomas
with 5 lesions. One lesion recurred in 23 months after
SRS. The mean follow-up period was 26.5 months. The
overall survival rate was 100%, and a 3-year PFS rate
was 50% (median PFS, 35 months).

Two (17%) of the 12 patients treated with SRS
developed radiation toxicity. They had received doses
of 17.6 Gy and 20 Gy. Asymptomatic perifocal edema
from radiation-induced angiopathy occurred at
41 months post-SRS treatment in one patient and after
61 months in the other.

Table 3 SRS for atypical and anaplastic meningiomas

Discussion

The results of this study indicate that SRS with a
marginal dose of 20 Gy may help to prolong PFS in
patients with high-grade meningiomas.

External-beam radiotherapy (EBRT) for high-
grade meningiomas

Atypical and anaplastic meningiomas have higher local
recurrence- and lower survival rates than benign
meningiomas. In the past, the initial treatment for
anaplastic meningiomas was surgical removal followed
by conventional EBRT. Studies on the clinical course
of completely- or partially resected atypical and
anaplastic meningiomas with or without additional
adjuvant EBRT reported 5-year PFS rates between 32
and 48%, and 5-year overall survival rates between 28
and 95% [11, 15-18]. Goldsmith et al. [15] found that
patients with anaplastic meningioma had significantly
less favorable outcomes than did patients with tumors
of a benign histology; their 5-year overall survival- and
PFS rate was 58% and 48%, respectively. These data
show that EBRT alone is not sufficient to treat high-
grade meningiomas.

SRS for high-grade meningiomas

Stereotactic radiosurgery is now considered an option
for the treatment of primary or recurrent meningio-
mas. It proved useful for benign meningiomas and
excellent control rates were obtained when SRS was
used as an adjunct to surgical tumor removal. How-
ever, as shown in Table 3 [10, 19-22], the effectiveness
of SRS in patients with atypical and anaplastic
meningioma remained to be elucidated.

Stafford et al. [10] reported that the cause-specific
5-year survival rate for SRS-treated patients with
benign, atypical, and anaplastic meningioma was 100,

Authors Year  Histology Patients (lesions) F/uU Marginal dose S-year-PFS ratio  5-year-survival ratio
Hakim 1998 Atypical 26 31M 15 Gy N.A. 83% (4 year)
Malignant 18 22% (4 year)
Ojemann 2000 Malignant 22 (26) 29M 16 Gy 26% 40%
Stafford 2001 Atypical 13 40M 16 Gy 68% 76%
Malignant 9 0% 0%
Harris 2003 Atypical 18 276 M 149 Gy 83% 59%
Malignant 12 15.7 Gy 2% 59%
Huffmann 2005  Atypical 15 (21) 35M 14-18 Gy 1 recurrent N.A.
Kano 2006 High-grade 7 (14) 434M <20 Gy 29.4% 80.8%
7 (16) 20 Gy 63.1%

F/U, follow-up periods; PFS, progression-free survival; N.A., not available
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76, and 0%, respectively (P < 0.0001); the S-year local
control rate was 89%. PFS rates were correlated with
the histological features of the tumors (P < 0.0001);
patients with benign tumors had a 5-year PFS rate of
93%; in patients with atypical or anaplastic meningio-
mas this rate was 68 and 0%, respectively. They also
found that SRS-treated patients with high-grade men-
ingiomas manifested high recurrence rates, and that
despite aggressive treatment that included surgery,
conventional EBRT, and SRS, these patients contin-
ued to exhibit lower cause-specific survival rates.

Ojemann et al. [22] who treated 22 anaplastic
meningioma patients with gamma knife radiosurgery
as boost to conventional EBRT over an 8-year period
reported a S-year overall survival rate of 40%. The
5-year PFS rate was 26%. In their series, age
(<50 years) and tumor volume (<8 cc) were significant
predictors of time to progression and length of survival.
In addition, the 2-year survival rate of patients treated
with doses below 15 Gy was 75%; there were no 5-year
survivors. On the other hand, patients treated with
doses >15 Gy had 2- and 5-year survival rates of 69%
and 50%, respectively (P =0.13 by univariate,
P =0.14 by multivariate analysis). Nineteen of 22
patients experienced progression, despite receiving
conventional EBRT (median dose, 55 Gy) 4.5 years
earlier. In our series, the PFS rates were longer than in
previously reported studies and we posit that the PFS
prolongation is attributable to the delivery of a higher
radiation dose.

The median and mean tumor volume in our 12
patients were 2.87 cc and 4.40 cc, respectively (range
0.29-18 cc) and thus smaller than in previously
reported studies; only 5 tumors exceeded 8 cc. Three of
14 lesions treated for tumor volumes exceeding 2.87 cc
exhibited local recurrence in the radiation field. And
10 of 16 lesions treated for tumor volumes <2.87 cc
recurred in the radiation field. However, the tumor size
had no significant effect on PFS.

Modha et al. [23] stated SRS has now become part
of the armamentarium when treating high-grade men-
ingiomas. It could probably be offered to the patient as
soon as possible postoperatively for any nodular
residual tumor, along with conventional EBRT to the
tumor bed. Certainly, the invasive nature of these
tumors has to be considered, and SRS may not have
any effect on infiltrative areas not appreciated during
treatment planning. Its role after complete resection of
a high-grade meningioma is also less clear. Instead,
conventional EBRT to the tumor bed should be
administered. Huffman et al. {21] proposed early SRS
for incompletely resected residual high-grade menin-
giomas. For gross totally resected tumors, conventional

EBRT should be considered. If focal recurrences
develop after resection or margin or distant recurrent
high-grade meningiomas develop after radiosurgery,
SRS is an alternative to repeated microsurgery. In our
series, 2 patients received EBRT after operation and
before SRS. Ten patients did not receive EBRT before
SRS. Only 1 lesion recurred in the EBRT field.
Excepting this lesion, we performed Univariate anal-
ysis using logrank test, a marginal dose of 20 Gy was a
statistically  significant factor for longer PFS
(P = 0.0173). '

High-grade meningiomas are not highly sensitive to
conventional EBRT and even SRS fails to inhibit
tumor growth for a prolonged period. As the marginal
dose delivered to previously reported tumors (between
14 and 18 Gy) failed to achieve adequate tumor con-
trol, where possible, we increased it to 20 Gy. In
patients with tumors near critical organs and in those
who had undergone previous irradiation therapy, and
in cases of the tumors of the close proximity to each
other, to avoid creating of hotspots in the normal brain
tissue, we had to restrict the marginal dose to
14-18 Gy. The dose coverage volume was over 95%
for all lesions. Although our study population is rela-
tively small, the 2- and 5-year PFS rate was 48.3%. The
5-year PFS of patients treated with 20 Gy was 63.1%
compared to 29.4% in those who received <20 Gy
(P = 0.0139). Since there was no significant difference
in tumor volume between both groups, the extension of
PFS had been contributed by higher marginal dose
(Table 2). The latter had a median PFS of 6 months
and significantly earlier in-field tumor recurrence.
Based on our observations and the results of earlier
studies that showed that the progression of low-grade
meningiomas can be controlled with relatively low
doses (15-18 Gy), we conclude that in patients with
high-grade meningiomas, SRS should deliver a mar-
ginal dose exceeding 20 Gy.

Huffmann et al. [21] who treated 21 lesions by SRS
at doses ranging from 14 to 18 Gy reported only one
instance of in-field recurrence. Their patient with a
local relapse was treated with an SRS dose of 15 Gy. In
our series, a marginal dose exceeding 20 Gy was the
only statistically significant factor for longer PFS in
patients with high-grade meningiomas (P = 0.0139).
According to Harris et al., [20] the aggressive use of
early boost-SRS after craniotomy and conventional
EBRT is an important adjuvant management strategy
for residual or recurrent high-grade meningiomas. In
patients with no disease progression and in those with
smaller tumor volumes, there was a statistically sig-
nificant correlation between early SRS delivered soon
after craniotomy and better survival rates. Their
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findings support our hypothesis that early SRS with a
marginal dose exceeding 20 Gy contributes to the
prolongation of PFS in patients with high-grade men-
ingiomas.

In the present retrospective analysis, dose reduction
was shown to be significantly associated with the
shorter PFS. The limitation of this study was the
exsistence of the considerable bias between the lower
dose group and the higher dose group, especially in the
tumor location, because the prescribed dose was
reduced, in most cases, to avoid the location-specific
toxicity. Nevertheless, the radiation dose in SRS
seemed to be one of the substantial factors in control of
high-grade meningiomas, considering that the radio-
biological characteristic of the tumor was unlikely to
depend on the tumor location.

Complications

Shaw et al. [24, 25] reported the findings of a multi-
center trial in which escalating doses were delivered to
recurrent, previously irradiated primary and metastatic
tumors until unacceptable central nervous system
(CNS) toxicity was reached. Variables significantly
related to toxicity were a tumor “diameter >21 mm,
higher Karnofsky performance status scores, and a
~ higher tumor dose. The maximum tolerated SRS doses
in their study population were 24 Gy, 18 Gy, and
15 Gy for tumors </=20 mm, 21-30 mm, and 31-
40 mm in maximum diameter. Unacceptable CNS
toxicity, defined as irreversible severe neurological
symptoms, clinically, radiographically, or histologically
verified radiation necrosis, or death, was more likely to
occur in patients with larger tumors. On the other
hand, local tumor control depended primarily on the
type of the recurrent tumor and the treatment unit. In
" our study, the tumor volume and SRS dose were not
significantly related to toxicity. We delivered 20 Gy to
14 lesions; 2 patients treated with doses of 17.6 Gy and
20 Gy developed asymptomatic radiation necrosis.

In conclusions, based on our findings, we suggest
that recurrent high-grade meningiomas be treated by
SRS with a marginal dose exceeding 20 Gy. Because of
the rarity of these tumors, a multicenter trial would be
required to evaluate these issues in a prospective study.
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Abstract

Introduction It is important to have information on cavern-
ous sinus extension and bony destruction in pituitary
macroadenomas before surgery, but magnetic resonance
(MR) imaging cannot always depict them. In the present
study we sought to determine whether multidetector-row
computed tomography (MDCT) could provide preoperative
information in addition to that provided by MR imaging in
pituitary macroadenoma.

Methods The subjects comprised 33 consecutive patients
(15 women, 18 men; mean age 50 years) with surgically
proven macroadenoma. For MDCT, using the soft-tissue
window and bone window, three orthogonal multiplanar
reconstruction images were generated from venous-phase
contrast-enhanced 0.5-mm isotropic voxel data. MDCT and
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MR images were evaluated with regard to: (1) clarity of
tamor margins; (2) identification of the normal pituitary
gland; (3) identification of erosion or destruction of the
sellar floor; and (4) visualization of the adjacent optic
pathways.

Results MDCT more clearly demonstrated the lateral tumor
margin than MR imaging (P=0.002). No significant differ-
ences in visualization of the normal pituitary gland were
noted between MDCT and dynamic MR imaging (P=0.7).
MDCT more clearly demonstrated sellar floor erosion or
destruction at the sphenoid sinus than MR imaging (P<
0.001). MR imaging was superior to MDCT for visualizing
the adjacent optic pathways (P<0.001).

Conclusion MDCT is superior to MR imaging for assessing
lateral tumor margin and the sellar floor at the sphenoid
sinus. MDCT offers useful preoperative information in
addition to that obtained from MR imaging.

Keywords Pituitary adenoma - Multislice CT - MR imaging

Introduction

Up to the late 1980s, computed tomography (CT) was as
the primary diagnostic imaging modality for pituitary
macroadenoma. However, since its introduction magnetic
resonance (MR) imaging has been used to obtain clinically
useful preoperative information on this tumor [1-3]. The
information provided by MR imaging in macroadenomas
includes size and shape of the tumor, the presence of
cavernous sinus extension, positional relationships with the
optic pathways, identification of the normal pituitary gland,
and the presence of hemorrhage or cyst within the tumor [2,
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4]. CT is also still performed to assess the anatomy and
condition of the nasal cavity and sphenoid sinus, which are
crucial information for transsphenoidal surgery [2, 5-8].
Several investigators have compared CT and MR imaging
in diagnosing pituitary macroadenoma. MR imaging can
provide better soft-tissue contrast than CT, and also permits
scanning in any desired plane [9-11].

The recent introduction of multidetector-row CT
(MDCT) has allowed the acquisition of high-resolution
images within a short time [12, 13]. Several studies have
examined the usefulness of MDCT of the head for CT
angiography, for evaluation of facial bone fractures, and for
multislice perfusion imaging with high-speed continuous
scanning [14-16]. MDCT images can be reconstructed in
any desired plane from isotropic voxel data for morpho-
logical evaluation of tumors and tumor invasion, in addition
to normal structures such as blood vessels and bones. While
many reports have described the usefulness of MDCT for
preoperative evaluation of neoplasms, most have focused
on abdominal tumors [17, 18]. Abe et al. have reported the
use of MDCT instead of MR imaging in pituitary adenoma
in three patients with a pacemaker [19], but to the best of
our knowledge, no studies have compared MDCT and MR
imaging in pituitary macroadenoma. Since parasellar bony
and vascular structures must be fully investigated prior to
surgery for pituitary adenoma (5, 20], MDCT may be able
to provide more detailed preoperative information than
other imaging modalities. In the present study we sought to
determine whether MDCT could provide preoperative
information in addition to that provided by MR imaging
in pituitary macroadenoma.

Methods
Patient population

The study population comprised 33 consecutive patients
(15 men, 18 women) with pituitary macroadenoma
(>10 mm in diameter) admitted to the Neurosurgical
Department of our institution for surgery and examined
prospectively using MDCT and MR imaging during the
4 weeks before surgery. Their mean age was 50 years
(range 16 to 70 years). The tumors included nonfunctioning
adenoma (n=20), growth hormone-producing adenoma
(n=10), and prolactinoma (n=3). Patients who had under-
gone previous surgery for pituitary adenoma were excluded
from the study. The present investigation was conducted in
accordance with the guidelines of our institutional review
board. Approval of the local institutional ethics committee
for this study was considered unnecessary because the CT
examinations had already been routinely performed as a
preoperative evaluation of pituitary adenoma in our
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institution since it reportedly provides crucial information
for transsphenoidal surgery [2, 5-8). Written informed
consent was obtained from all patients.

MDCT protocols

CT scanning was performed using an eight-detector row
CT scanner (Aquilion; Toshiba Medical, Tokyo, Japan).
After placing a 20-gauge catheter in an antecubital vein,
100 m! of nonionic contrast material with an iodine
content of 350 mg/ml (iomeprol, Iomeron Eisai, Tokyo,
Japan) was injected at 3 ml/s using an automatic power
injector (Dualshot; Nemoto-kyorindo, Tokyo, Japan).
Scanning centered on the sella turcica was performed
80 s after initiation of the injection. This delay time (80 s)
was chosen because the highest contrast between adenoma
and normal pituitary tissue is achieved between 1 and
2 min after injection of contrast material, and because the
cavernous sinus is well enhanced at this moment,
according to data obtained with dynamic MR imaging
[4, 21]. Parameters for the scanning were: 120 kVp,
300 mA, 8x0.5-mm collimation, rotation time 1.0 s,
helical pitch 7, FOV 210 mm, matrix size 512x512.

Multiplanar reconstruction (MPR) soft-tissue window
images were generated in the coronal (Fig. 1a), axial
(Fig. 1b), and sagittal (Fig. 1c) planes with a slice
thickness of 1.1 mm and an FOV of 80 mm by 0.3-mm
interpolation. In addition, MPR bone window images were
generated in the coronal (Fig. 2a), axial, and sagittal
(Fig. 2b) planes with 1.1-mm slice thickness and an FOV
of 125 mm by 0.3-mm interpolation. Data were
transferred to a stand-alone workstation (Zio M900;
ZIOSOFT, Tokyo, Japan) for evaluation using the software
installed in the workstation.

MR protocols

MR imaging was performed using a 1.5-T system
(Magnetom Symphony; Siemens, Erlangen, Germany).
Before contrast agent administration, T1-weighted sagit-
tal and coronal images using spin-echo (SE) sequences
(TR/TE 400/14 ms, matrix 256x 192, FOV 180 mm, slice
thickness 3 mm without interslice gap), and T2-weighted
coronal images using fast spin-echo (FSE) sequences
(TR/TE 4000/90 ms, matrix 256x192, echo train length
16, FOV 180 mm, slice thickness 3 mm without
interslice gap) were obtained.

Dynamic images were acquired in the coronal plane
using FSE sequences (TR/TE 500/12 ms, matrix 256x
192, echo train length 8, FOV 180 mm, acquisition time
13 s). Four contiguous 3-mm-thick sections were obtained
simultaneously. Dynamic imaging started with the first
precontrast image, followed by a second image 15 s after
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Fig. 1 Nonfunctioning pituitary
macroadenoma invading the
right cavernous sinus, which
was confirmed by surgery. Three
orthogonal soft-tissue window
contrast-enhanced MDCT
images are shown (a—). MDCT
clearly demonstrates the lateral
margin of the tumor in the right
cavernous sinus (black arrow-
heads) (a, b). The compressed
pituitary gland is clearly identi-
fied on the left side of the
hypophyseal fossa both on
MDCT (score 2) and dynamic
MR image (score 2) (black
arrows) (a, b, d). The tumor
margins in the cavernous sinus
are more clearly depicted on
MDCT (score 2) (a, b) (black
arrowheads) than on the
dynamic T1-weighted

MR image (score 1) (d). The
optic chiasm is better demon-
strated by MR imaging (score 2)
(d) than by MDCT (score 1)
(a) (white arrowheads). White
arrow oculomotor nerve (a)

Fig. 2 Growth hormone-
producing pituitary adenoma
eroding the floor of the sella
turcica and invading the
sphenoid sinus and clivus.
Coronal and sagittal bone win-
dow reconstructed MDCT
images (score 2) (a, b) demon-
strate destruction of the sellar
floor better than coronal and
sagittal spin-echo T1-weighted
MR images (score 1) (e, d)
(arrows)
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the start of rapid injection (4 ml/s) of 0.05-mmolkg
gadopentetate dimeglumine (gadodiamide, Omniscan;
Daiichi Pharmaceutical, Tokyo, Japan), with five subse-
quent serial images obtained over 90 s at 15-s intervals
(30, 45, 60, 75 and 90 s). Gadolinium-enhanced
T1-weighted coronal images (SE, TR/TE 500/12 ms,
matrix 256x192, FOV 180 mm, slice thickness 3 mm
without interslice gap) were also obtained. These data
were also transferred to the workstation. :

Image analysis

The images were independently analyzed by two experi-
enced neuroradiologists. Any discrepancies between the
two scorers were discussed until a consensus was reached.
MDCT and MR images were evaluated with regard to the
following points required for preoperative evaluation: (1)
clarity of lateral tumor margins; (2) identification. of the
normal pituitary gland; (3) identification of the presence of
erosion or destruction of the sellar floor; and (4) visualiza-
tion of the neighboring optic pathways.

Clarity of lateral tumor margins

Coronal reconstructed soft-tissue window MDCT images
were compared with coronal MR images with regard to
visualization of lateral tumor margins. The clarity of the
lateral tumor margins was graded using a three-grade scale:
0, tumor margins not clearly visualized; 1, tumor margins
visualized, but some discontinuities observed; and 2, tumor
margins visualized with no discontinuities.

Identification of the normal pituitary gland

Coronal reconstructed soft-tissue window MDCT images
were compared with delayed-phase images of the coronal
T1-weighted dynamic MR study with regard to identifica-
tion of the normal pituitary gland using a three-grade scale:
0, normal pituitary gland not identified; 1, normal pituitary
gland identified with high probability; and 2, normal
pituitary gland definitely identified.

Erosion or destruction of the sellar floor

Sagittal and coronal reconstructed bone-window MDCT
images were compared with sagittal and coronal TI-
weighted MR images with regard to visualization of erosion
or destruction of the sellar floor using a two point scale: 0,
bony structures with or without erosion or destruction not
clearly visualized; 1, bony structures with or without
erosion or destruction clearly visualized. Erosion or
destruction of the sellar floor was evaluated at the sphenoid
sinus and into the clivus, respectively.

@ Springer

Visualization of neighboring optic pathways

Coronal reconstructed sofi-tissue window MDCT images
were compared with coronal T1-weighted MR images with
regard to visualization of neighboring optic pathways using
a three-grade scale: 0, neighboring optic pathways not
visualized; 1, neighboring optic pathways partially visual-
ized; and 2, neighboring optic pathways clearly visualized.

Statistical analysis

Differences between MDCT and MR imaging findings were
assessed using the Wilcoxon signed ranks test with JMP 5.0
software (SAS Institute, NC). P values <0.05 were
considered statistically significant. ‘

Results
Clarity of lateral tumor margins

For lateral tumor margins, MDCT yielded grade 2 results in
32 of 33 patients (97%) and grade 1 results in 1 of 33
patients (3%), while MR imaging yielded grade 2 results in
22 of 33 patients (67%) and grade 1 results in 11 of 33
patients (33%). MDCT visualized the lateral tumor margin
significantly better than MR imaging (P=0.002; Fig. 1a,d).
Surgery confirmed the presence or absence of cavernous
sinus invasion in 28 patients (all the 13 patients with
hormone-secreting adenoma and 15 of the 20 patients with
nonfunctioning adenoma). Of these 28 patients, 13 were
confirmed to have cavernous sinus invasion. MDCT
yielded grade 2 results in all these 13 patients, and MRI
yielded grade 2 results in 11 patients and grade 1 results in
2 patients.

Identification of the normal pituitary gland

The presence of normal pituitary gland was definitely
identified (grade 2) in 22 of 33 patients (67%) by both
MDCT and dynamic MR imaging. Normal pituitary gland
was identified with high probability (grade 1) in 5 of 33
patients (15%) by MDCT and in 7 of 33 patients (21%) by
dynamic MR imaging. No significant difference in identi-
fication of normal pituitary gland was observed between the
two modalities (P=0.7; Fig. 1a,d). Surgery revealed normal
pituitary gland at the suspected locations in 28 of 33
patients (85%).

Erosion or destruction of the sellar floor

At the sphenoid sinus Bony structures with or without
erosion or destruction were clearly visualized in all 33
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patients (100%) by MDCT and in 19 patients (58%) by MR
imaging. MR imaging could not distinguish between bony
destruction and ballooning of the sellar floor in the
remaining 14 patients (42%). Erosion or destruction of the
sellar floor was visualized significantly better with MDCT
than with MR imaging (P<0.001; Fig. 2).

Into the clivus Bony structures with or without erosion or
destruction were clearly visualized in 32 patients (97%) by
MDCT and in 27 patients (82%) by MR imaging. There
was no statistically significant difference between the two
modalities regarding visualization of erosion or destruction
of the sellar floor into the clivus (P=1.0).

Visualization of the adjacent optic pathways

Adjacent optic pathways were clearly visualized (grade 2)
in 20 of 33 cases (61%), were not clearly visualized in
some areas (grade 1) in 12 of 33 patients (36%), and not
visualized (grade 0) in 1 of 33 patients (3%) with MR
imaging. Grade 2 visualization of the adjacent optic
pathways was achieved in no patients, grade 1 in 2 of 33
patients (6%), and grade 0 in 31 of 33 patients (94%) on
MDCT. MR imaging visualized adjacent optic pathways
significantly better than MDCT (P<0.001; Fig. 1a,d).

Discussion

The present study revealed that MDCT is superior to MR
imaging for visualizing the lateral tumor margin, and for
providing accurate depiction of bony structures. To our
knowledge, this is the first study to reveal the usefulness of
MDCT in pituitary adenomas in comparison to MR imaging.

MDCT was superior to MR imaging for determining
the lateral tumor margin (P=0.002). Macroadenomas
frequently invade the cavernous sinus, and preoperative
evaluation of the presence and degree of cavernous sinus
extension is important to ensure that the tumor within the
cavernous sinus can be safely resected during trans-
sphenoidal surgery. However, neither CT nor MR imaging
has been able to directly depict the walls of the cavernous
sinus [22-25]. Thus, cavernous sinus extension has been
assessed indirectly based on relationships between tumor
margins and normal structures such as the internal carotid
artery within the cavernous sinus [22]. Accurate visuali-
zation of tumor margins is therefore crucial to determine
whether cavernous sinus extension is present. In this
study, the lateral tumor margins were visualized with no
discontinuities in 97% of patients.

The present study also revealed that MDCT is compa-
rable to dynamic MR imaging in identifying the normal

pituitary gland. Dynamic MR imaging has been reported to
be useful in visualizing the normal pituitary gland in
patients with pituitary macroadenoma [4]. Identifying the
normal pituitary gland before surgery is clinically impor-
tant. The normal pituitary gland cannot always be identified
during surgery for pituitary macroadenoma, but if the
location can be estimated preoperatively, surgery can be
performed such that damage to the pituitary. gland is
avoided, thus minimizing the risk of hypopituitarism and
promoting the recovery of normal endocrine function [26].

Erosion or destruction of the sellar floor at the sphenoid
sinus was better visualized with MDCT than with MR
imaging (P<0.001), although there was no significant
difference regarding evaluation of erosion or destruction
of the sellar floor into the clivus between the two modalities
(P=1.0). Sagittal and coronal MDCT bone-window images
clearly depicted erosion or destruction of the sellar floor by
the tumor. MDCT with thin-slice collimation can clearly
depict three-dimensional changes in bony structures [15]. In
contrast, MR imaging cannot directly visualize bone
cortices or trabeculae, so distinguishing between thinning
and a defect of the ballooned sellar floor at the sphenoid
sinus is difficult, although MR images can visualize the
bone marrow in the clivus. With regard to hormone-
producing adenomas, which must be resected to the greatest
extent possible, evaluating the direction and degree of bony
invasion is crucial. Moreover, bone-window MPR MDCT
images are useful not only for identifying bone invasion by
the tumor, but also for evaluating variations in the nasal
cavity and paranasal sinuses, which are located along the
surgical route in transsphenoidal surgery. In particular,
bone-window MPR images permit precise morphological
evaluation of the sphenoid sinus, which is required for
assessing the approach to the sella turcica. MPR images
may therefore be useful for surgical mapping.

MR imaging was significantly superior for evaluating
positional relationships between the tumor and the optic
pathways (P<0.001). Compared with MR imaging, CT
offers inferior contrast resolution between CSF and soft
tissues, and is of limited use for small structures such as the
optic nerve and optic tract [27]. Since optic pathway injury
represents a serious surgical complication, precise preoper-
ative evaluation of positional relationships between tumor
and neighboring optic pathways is essential. In this regard,
MDCT is inferior to MR imaging.

Radiation exposure from CT examination might be a
matter of concem. As a preoperative evaluation of pituitary
adenoma (especially for transsphenoidal surgery), CT is
already commonly performed so that neurosurgeons can
know the detail of bony structures of the sphenoid sinus and
nasal cavity preoperatively [2, 5-8]. Thus, application of
MDCT in pituitary adenomas will not generate additional
CT examinations. We believe that patients will not be
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exposed to significant additional radiation if CT examination
is performed only as a preoperative examination as in this
study. Regarding radiation exposure from CT examination,
the following two points should be emphasized: (1) MDCT
must not be used for screening but in candidates for surgery;
(2) postcontrast CT is enough (without a precontrast study)
for delineating both tumor margin and bony changes.

There are some limitations to this study. First, the
presence or absence of cavernous sinus invasion was not
surgically confirmed in some patients with a non-function-
ing adenoma. Second, the location of the normal pituitary
gland was not surgically confirmed in all the patients. Since
pituitary adenoma is rarely life-threatening, the objective of
surgery is to improve or maintain visual function and
endocrine function. In particular, the objectives of surgery
for non-functioning adenoma are to improve clinical
symptoms by debulking the tumor, rather than removing
the entire tumor. Therefore, aggressive surgery was not
performed in order to avoid damage to the normal pituitary
gland and bleeding. As a result, the presence or absence of
cavermnous invasion or the location of the normal pituitary
gland was not confirmed during surgery in all patients. No
patient showed deterioration of pituitary endocrine function
following surgery in the present study. The third limitation
of the current study is that patients with microadenoma
were not included, since microadenomas do not invade the
cavernous sinus nor destroy the sellar floor as frequently as
macroadenomas do. The usefulness of MDCT in micro-
adenoma may be evaluated in the future.

Conclusion

MDCT is superior to MR imaging for providing informa-
tion concerning the lateral tumor margin and the sellar floor
at the sphenoid sinus in pituitary macroadenoma. MDCT
can thus offer useful information in addition to that
obtained from MR imaging for surgical planning.
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