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ABSTRACT

BACKGROUND AND PURPOSE: Recent concerns relating to tissue deposition of gadolinium are favoring the use of noncontrast
MR imaging whenever possible. The purpose of this study was to assess the necessity of gadolinium contrast for follow-up MR
imaging of untreated intracranial meningiomas.

MATERIALS AND METHODS: One-hundred twenty-two patients (35 men, 87 women) with meningiomas who underwent brain MR
imaging between May 2007 and May 2019 in our institution were included in this retrospective cohort study. We analyzed 132 me-
ningiomas: 73 non-skull base (55%) versus 59 skull base (45%), 93 symptomatic (70%) versus 39 asymptomatic (30%). Fifty-nine menin-
giomas underwent an operation: 54 World Health Organization grade | (92%) and 5 World Health Organization grade Il (8%). All
meningiomas were segmented on TI 3D-gadolinium and 2D-T2WI. Agreement between T1 3D-gadolinium and 2D-T2WI segmenta-
tions was assessed by the intraclass correlation coefficient.

RESULTS: The mean time between MR images was 1485 days (range, 760-3810 days). There was excellent agreement between T1 3D-gado-
linium and T2WI segmentations (P < .001: mean tumor volume (T 3D-gadolinium: 901215 [SD, 19,223.03]mm? T2WI: 852845 [SD,
18,368.18 ] mm?; intraclass correlation coefficient = 0.996), surface area (intraclass correlation coefficient = 0.989), surface/volume ratio
(intraclass correlation coefficient = 0.924), maximum 3D diameter (intraclass correlation coefficient= 0.986), maximum 2D diameter in
the axial (intraclass correlation coefficient = 0.990), coronal (intraclass correlation coefficient = 0.982), and sagittal planes (intraclass cor-
relation coefficient = 0.985), major axis length (intraclass correlation coefficient = 0.989), minor axis length (intraclass correlation coeffi-
cient = 0.992), and least axis length (intraclass correlation coefficient = 0.988). Tumor growth also showed good agreement (P <.001),
estimated as a mean of 461.87 [SD, 2704.1] mm®/year on Tl 3D-gadolinium and 556.64 [SD, 2624.02] mm?®/year on T2WI.

CONCLUSIONS: Our results show excellent agreement between the size and growth of meningiomas derived from T1 3D-gadolin-
ium and 2D-T2WI, suggesting that the use of noncontrast MR imaging may be appropriate for the follow-up of untreated meningi-
omas, which would be cost-effective and avert risks associated with contrast media.

ABBREVIATIONS: Gd = gadolinium; ICC = intraclass correlation coefficient; WHO = World Health Organization

ecent concerns regarding gadolinium (Gd) compounds are
fueling a trend to use contrast media in MR imaging less fre-
quently. Notwithstanding the well-established safety profile of Gd
compounds, a small number of immediate adverse effects, which
may be life-threatening, has been reported"? at a rate of
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approximately 0.3%.> Furthermore, repeat administration of Gd-
based contrast may lead to deposition of Gd in the dentate nu-
cleus and the globus pallidus,3'7 which seems to be the case with
linear rather than macrocyclic Gd compounds,* despite a normal
renal function” and an intact blood-brain barrier.” Health care
costs should also be considered because they are a heavy burden
to modern Western societies,”'® and medical imaging accounts
for a large proportion of these costs.'” Gd-based contrast media
significantly contribute to the cost of an MR image, due to the
price of the contrast medium itself and also because of the pro-
longed image-acquisition time. Using contrast media more spar-
ingly could, therefore, reduce these costs considerably.

The above-mentioned concerns are particularly pertinent to
young patients with incidental or asymptomatic meningiomas in
which frequent and long-term follow-up MR imaging is usually
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FIG 1. Flow diagram showing the steps in patient selection. NF2 indicates neurofibromatosis type

2.

performed, the current standard-of-care being MR with Gd-based
contrast media."" Intracranial meningiomas are, by and large, be-
nign World Health Organization (WHO) grade I tumors derived
from meningothelial cells,">"? representing approximately one-third
of all primary central nervous system tumors'* and 15% of sympto-
matic intracranial masses.'> They are extra-axial lesions that usually
exhibit slow growth (approximately 14%/year for WHO grade I
lesions).16 However, the growth rate can be substantially higher, par-
ticularly in WHO grade II and III meningiomas, necessitating
frequent MR imaging follow-up. For instance, the European
Association of Neuro-Oncology advocates diligent radiologic
follow-up of meningiomas. For small asymptomatic meningiomas,
the recommendation of this institution is to assess the tumor dynam-
ics with contrast MR imaging at 6 months after the initial diagnosis
and then annually as long as the patient remains asymptomatic.''
Quantitative MR imaging parameters such as tumor volume'”
are important in predicting tumor growth and behavior. Nakasu
and Nakasu,'® in 2020, identified large tumor size and annual vol-
ume change of =2.1cm? as the strongest predictors of sympto-
matic tumor progression. Several other parameters may be
important in predicting the potential for rapid tumor growth, such
as male sex,'® younger age,18 absence of calcification,'® 2> peritu-
212224 and hyperintensity on T2WI.'®!%222326

Considering these points, the purpose of this retrospective

moral edema,

cohort study was to assess the hypothesis that size and growth of
untreated intracranial meningiomas derived from T1 3D-Gd and
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py treated

with the appropriate search terms
(“brain MR imaging,” “meningi-
oma,” “Dotarem”), which searches

51 patients (185 MRIs) excluded due to absence of T1
3D Gd and/or axial T2 sequences on MRI

for exact matches.

The initial search identified 205
patients. Pre-hoc inclusion criteria
were adult patients with symptomatic
or asymptomatic intracranial menin-
giomas who had undergone brain MR
imaging, including at least T1 3D-Gd
and axial 2D-T2WI sequences, in
cases in which the radiologic diagnosis
of meningioma was practically certain. Pre-hoc exclusion criteria
were uncertain diagnosis of meningioma; meningiomas in the
context of a syndrome such as neurofibromatosis type 2, optic
nerve, intraosseous, and en plaque meningiomas; and previously
treated meningiomas, surgically or otherwise. Eighty-three
patients and 256 MR scans were excluded on the basis of these
criteria. A total number of 122 patients (35 men, 87 women) was
analyzed (Fig 1). The analysis was conducted on the entire cohort
as a whole, but a subgroup analysis by meningioma location
(skull base versus non-skull base), meningioma size (maximum
3D diameter =20 versus >20 mm), and symptoms (asymptom-
atic versus symptomatic) was also performed.

To estimate tumor growth, we included only MRIs in which
the time interval between the index scan and subsequent scans
was at least 2 years (730 days). Because meningiomas are slow-
growing tumors, shorter time periods were excluded to allow
detection of tumor growth and to minimize measurement error
when calculating annual tumor growth, in which a small error
could potentially be multiplied several-fold if a very short time
interval was used. Tumor growth was calculated between the
index scan and each subsequent scan available for that particular
patient. Thirty meningiomas from 26 patients met the time inter-
val criterion of at least 730 days between the index scan and sub-
sequent scans, producing a total of 51 data points. Annual growth
for each dimension and geometric parameter was calculated and
normalized to annual growth expressed as both the absolute value
and percentage change per year to allow comparison.



FIG 2. A 41-year-old man with a meningioma of the right convexity adjacent to the parietal lobe.
Segmentation of the meningioma is achieved by shading the lesion in blue using a semi-automated
software (A—C). The voxels outside the shaded volume can be discarded, and the voxels within the
volume (shown as 3D-rendering in D, E, and F) can be isolated and exported to the PACS or any

other software for further analysis.

The meningioma locations were classified according to studies
by Al-Mefty et al”’ and Meling et al,*® in which cerebral convex-
ity, parasagittal, falcine, intraventricular, and cerebellar convexity
meningiomas were considered non-skull base, and all other intra-
cranial locations were considered skull base.

MR Imaging Protocol

Patients were scanned on 3T and 1.5T Siemens (Siemens Healthcare,
Erlangen, Germany), Philips (Philips, Best, The Netherlands), and
GE (GE Healthcare, Chicago, Illinois, USA) scanners. As mentioned
before, only MR imaging studies that included at least an isotropic,
enhanced 3D-T1 sequence (0.6- to 1.1-mm section thickness, no gap
between slices) and a conventional axial 2D-T2WT sequence (4-mm
section thickness, 0.4-mm gap between slices) were considered. The
former was either MPRAGE or a volumetric interpolated breath-
hold examination (VIBE; Siemens), 3D-T1 fast-field echo or T1-
weighted high-resolution isotropic volume examination (THRIVE;
Philips Healthcare), fast 3D gradient echo brain volume imaging
(GRE BRAVO; GE Healthcare), or fast acquisition with multiphase
elliptic fast gradient-echo (FAME; GE Healthcare). The technical
parameters of these sequences can be found in the Online
Supplemental Data. Most scans were obtained in our institution;
however, a small number of scans included in this study originated
from outside institutions. The technical parameters of the sequences
from these institutions were roughly similar to those of our center.

Segmentation and Morphometry
All meningiomas were segmented using a semi-automated soft-
ware (advanced visualization platform IntelliSpace Portal [ISP],

Version 10.1; Philips Healthcare) on
both the T1 3D-Gd and axial T2WI
sequences. This method consists of
isolating the voxels of the lesion by
gradually shading ROISs that automati-
cally grow according to an algorithm
based on pixel intensity and proxim-
ity. This process can be repeated in all 3
planes until the operator is satisfied that
all the voxels of the mass have been
selected. The segmentations were per-
formed by J.B. and R.G. (Fig 2), each
author having performed approximately
half of all the workload. J.B. is a neuro-
radiologist with 5 years’ experience, and
R.G. is a neurosurgeon who received
guidance and training before perform-
ing the segmentation. In all cases, the
quality of the segmentation was over-
seen by J.B. Shape and volume featu-
res were then automatically computed
for all meningiomas using Pyradio-
mics (Version 2.2.0; https://github.com/
AIM-Harvard/pyradiomics).” The fol-
lowing resulting 10 features were thus
obtained for all meningiomas and for
the segmentations on the T1 3D-Gd
and T2WI sequences: tumor volume,
tumor surface area, surface/volume ratio, maximum 3D diameter,
maximum 2D diameter in the axial plane, maximum 2D diameter
in the coronal plane, maximum 2D diameter in the sagittal plane,
major axis length, minor axis length, and least axis length.

Statistical Analysis

Agreement between the dimensions and geometric parameters
obtained from the T1 3D-Gd and T2WI segmentations was
assessed by the intraclass correlation coefficient (ICC). Statistical
analysis of the data was performed with SPSS Statistics (IBM). A
significance level of .05 was used for all statistical tests.

RESULTS

Demographics and Descriptive Statistics

The mean patient age at the date of the first available MR imaging
scan was 64.7 (SD 17.5] years; range, 22.8-96.0 years). A total of
132 intracranial meningiomas from 122 patients were analyzed.
Ninety-three meningiomas (70.5%) were symptomatic, whereas
39 (29.5%) were asymptomatic. Fifty-nine of the 132 meningio-
mas included underwent surgical resection. Fifty-four of these
(91.5%) were WHO grade 1, and 5 (8.5%) were grade II. Most
patients had a single intracranial meningioma (115/122, 94.3%), 6
patients had 2 meningiomas (4.9%), and 1 patient had 5 meningi-
omas (0.8%). Two of the 6 patients who had 2 meningiomas on
the first MR imaging scan underwent surgical resection of one of
the tumors, leaving them with a single lesion on the subsequent
follow-up MR imaging. In our cohort, there were 73 non-skull
base (55%) and 59 skull base (45%) meningiomas. Distribution of
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FIG 3. Chart showing the number of included intracranial meningiomas by sex and specific location.
Cerebral convexity parasagittal, falcine, intraventricular, and cerebellar convexity meningiomas are
considered non-skull base. All other locations are considered skull base. Post. indicates posterior.

0.9 in most cases and generally above
0.8 (P<.001), including meningio-
mas with a maximum 3D diameter of
=20 mm. Excellent ICCs (> 0.9) were
found for all subgroups in tumor vol-
ume, maximum 3D diameter, and
maximum 3D diameter in the axial
plane. For example, the ICC for tumor
volume for asymptomatic lesions
was 0.997 (T1 3D-Gd: 6353.99 [SD,
14,245.73] mm® T2WIL: 6022.21 [SD,
14,022.95] mm? ); and 0.993 for symp-
tomatic meningiomas (T1 3D-Gd:
17,179.23 [SD, 28,322.25] mm?>; T2WT:
16,228.74 [SD, 26,444.90] mm®). As
this example shows, this analysis also
revealed that symptomatic meningio-
mas tended to be larger than asymp-
tomatic lesions but also that, despite
this difference, the agreement between
the 2 different sequences was not
meaningfully affected. The results of

meningiomas according to sex and specific location are shown in
Fig 3 and the Online Supplemental Data.

A total of 259 MR scans were included, 217 (83.8%) from our
own center and 42 (16.2%) from outside institutions. A single
MR scan was available for 71 of the 132 meningiomas (54%)
from 67 of 122 (55%) patients. The remaining 61 meningiomas
(46%) from 55 patients were scanned at least twice, enabling anal-
ysis of annual tumor growth. Thirty meningiomas (24 from
women, 6 from men; 16 non-skull base, 14 skull base) from 26
patients (20 women, 6 men) met the time-interval criterion of at
least 730 days between the index scan and subsequent scans, pro-
ducing a total of 51 data points. The mean time period between
scans was 1485 (SD, 864) days (range, 760-3810 days).

Quantitative Analysis
There was excellent agreement among all parameters derived
from the segmentation of meningiomas on the T1 3D-Gd
and T2-weighted sequences (P < .001): tumor volume (T1
3D-Gd: 9012.15 [SD, 19,223.03] mm’ T2WI: 8528.45 [SD,
18,368.18] mm?>; ICC = 0.996), surface area (ICC = 0.989), sur-
face/volume ratio (ICC = 0.924), maximum 3D diameter (T1
3D-Gd: 26.21 [SD, 15.76 ] mm, T2WTI: 27.49 [SD, 16.02 ] mm,
ICC = 0.986), maximum 2D diameter in the axial plane (ICC =
0.990), maximum 2D diameter in the coronal plane (ICC=
0.982), maximum 2D diameter in the sagittal plane (0.985),
major axis length (T1 3D-Gd: 21.92 [SD, 13.16] mm; T2WTI:
22.48 [SD, 13.00] mm, ICC = 0.989), minor axis length (ICC=
0.992), least axis length (ICC= 0.988) (Online Supplemental
Data). Figures 4 and 5 show examples of T1 3D-Gd- and T2WI-
based segmentations of meningiomas in different locations.

The agreement between T1 3D-Gd and T2WI measurements
was also excellent in the subgroup analysis of meningiomas
according to location, size, and symptoms with ICCs higher than
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the subgroup analysis are shown in
the Online Supplemental Data.

The data used to assess annual tumor growth showed good-to-
excellent agreement (ICC = 0.820-0.989, P <.001) between the T1
3D-Gd and T2WI segmentations, expressed both in absolute val-
ues and relative change per year when we used the following meas-
urements: tumor volume (T1 3D-Gd: 461.87 [SD, 2704.17] mm®/
year, 9.24 [SD, 22.55]%/year; T2WT: 556.64 [SD, 2624.02] mm?®/
year, 15.82 [SD, 32.00]%/year), tumor surface area (T1 3D-Gd:
87.03 [SD, 371.66] mmz/year, 5.73 [SD, 12.66]%/year; T2WTI:
112.01 [SD, 453.59] mmzlyear, 15.82 [SD, 32.00]%/year), maxi-
mum 3D diameter (T1 3D Gd: 0.56 [SD, 1.79] mm/year, 2.38 [SD,
6.12]%/year; T2WI: 0.72 [SD, 1.95] mm/year, 3.16 [SD, 7.02]%/
year), and major axis length (T1 3D Gd: 0.51 [SD, 1.57] mm/year,
2.42 [SD, 5.86]%/year; T2WTI: 0.67 [SD, 1.64] mm/year, 3.52 [SD,
7.45]%/year). Of note, the T2ZWI segmentation tended to overesti-
mate tumor-interval growth despite the good agreement with the
T1 3D-Gd segmentation. The same analysis performed on other
measurements used to evaluate tumor growth (eg, surface/volume
ratio, maximum 2D diameter in the axial plane, maximum 2D di-
ameter in the coronal plane, maximum 2D diameter in the sagittal
plane, minor axis length, and least axis length) also produced sig-
nificant results, albeit less striking, with ICCs ranging from 0.631
to 0.901 (P<.001). The agreement was generally better when
absolute rather relative growth was considered. These results are
summarized in the Online Supplemental Data.

DISCUSSION

In this single-institution, retrospective cohort study of 123 adult
patients with symptomatic or asymptomatic intracranial menin-
giomas with both skull base and non-skull base locations, a total
of 282 MR scans were analyzed to assess the value of Gd-based
contrast media for routine follow-up MRIs with respect to tumor
size and growth.



FIG 4. Same patient as in Fig 2 with a meningioma of the right convexity adjacent to the parietal lobe. Axial (A), coronal (C) and sagittal (D) THRIVE
Gd and axial T2-weighted (E) images depict a meningioma of the right convexity exerting mass effect on the adjacent brain parenchyma of the pari-
etal lobe (arrow, A, C, D, and E). Axial THRIVE Gd (B) and T2-weighted (F) images of the isolated lesion obtained with the semi-automated software,
from which 3D-rendering can easily be performed with any DICOM viewer (G, THRIVE Gd. H, T2WI).

FIG 5. A 52-year-old woman. Axial (A), coronal (C) and sagittal (D) THRIVE Gd and axial T2-weighted (E) images show a meningioma arising from
the planum sphenoidale and orbital roof on the right (white arrow, A, C, D, and E). The lesion crosses the midline and is in close contact with
the cisternal segment of the right optic nerve (white arrowhead in D), the supraclinoid right internal carotid artery (black arrow, C), and cranial
aspect of the right cavernous sinus (black arrowhead, C). Axial THRIVE Gd (B) and T2-weighted (F) images of the isolated lesion obtained with
the semi-automated software, from which 3D-rendering was performed with our DICOM viewer (G, T1 3D-fat-saturated Gd; H, T2WI). This case
illustrates a particularly challenging meningioma for which the skull base location, close contact with other structures, and irregular shape made
the segmentation process more difficult.
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Individual Measures and Tumor Growth

Our study demonstrates that the absolute agreement among pa-
rameters obtained from the T1 3D-Gd and T2WI sequences with
respect to tumor volume, maximum 3D diameter, maximum 2D
diameters in 3 planes, and major axis length was near-perfect, de-
spite T2WTI sequences being 2D with 4-mm section thickness and
a 0.4-mm gap between slices, demonstrating the value of such
noncontrast sequences for the follow-up of untreated meningio-
mas. This feature proved to be the case even across a variety of 9
scanner models from 2 different manufacturers in our institution
and also a third scanner manufacturer from outside institutions,
thus reinforcing the robustness of the agreement we found
between T1 3D-Gd and T2WI segmentations.

An important point is the subgroup analysis we performed to
investigate whether the agreement between the 2 sequences
remained acceptable if only certain types of meningiomas were
considered. The agreement between T1 3D Gd and T2 remained
adequate for meningiomas in different locations, smaller-versus-
larger meningiomas, and also symptomatic-versus-asymptomatic
lesions for all the different single-time-point measurements,
including the most important ones such as tumor volume, maxi-
mum 3D diameter, and maximum diameter in all 3 planes. The
subgroup analysis also found that symptomatic meningiomas
tended to be larger than asymptomatic lesions, as expected. These
high ICC values provide, in our opinion, further reassurance that
our method was consistent and that noncontrast MR imaging
could potentially suffice for the follow-up of a wide variety of me-
ningiomas, including symptomatic lesions. We understand, how-
ever, that the case could be made for the use of Gd contrast
media for a small proportion of aggressive and infiltrative menin-
giomas in very specific locations, which could hinder an appro-
priate imaging work-up, at least in the first scan.

The growth rate of intracranial meningiomas is one of the
most important factors influencing the decision for surgical treat-
ment, with immediate intervention at diagnosis having the poten-
tial for unnecessary treatment.>® Furthermore, because most
asymptomatic meningiomas do not exhibit growth, the best man-
agement option may be conservative treatment with imaging
follow-up, thus avoiding surgery-related morbidity.>® Serial imag-
ing allowed us to evaluate tumor growth. A conscious decision
was made to include only meningiomas in which the follow-up
was at least 2years, to minimize errors as much as possible.
Absolute tumor growth (evaluated as an annual increase in tumor
volume, tumor surface area, maximum 3D diameter, and major
axis length) obtained from the T1 3D-Gd and T2WI segmenta-
tions showed excellent agreement between the 2 sequences with
near-perfect ICCs. The agreement for relative annual tumor
growth expressed as %/year was slightly lower, probably reflecting
that more computation was needed to obtain relative annual
growth, but it was still very high with P<<.001 in all cases.
Because MR imaging follow-up of intracranial meningiomas is
primarily performed to assess tumor growth, our results are both
encouraging and reassuring, indicating that Gd-based contrast
might not add enough value and could potentially be omitted.

An important point is that contrast medium is usually admin-
istered in follow-up MR imaging of intracranial meningiomas
because it is thought to allow improved delineation of invasion of
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the dural venous sinuses by a lesion, such as the sagittal, straight,
or cavernous sinuses. Nevertheless, we found that visualization of
vascular invasion by meningiomas is often hindered on T1 Gd-
weighted sequences, in which enhancement of the meningioma is
sometimes difficult to distinguish from opacification of the ve-
nous sinus itself, and that vascular invasion is often better
depicted on T2WT as an absence of flow void and by direct visual-
ization of the edges of the meningioma itself. This is the case with
gradient-echo T1 3D-Gd sequences, which are routinely per-
formed as part of the meningioma follow-up imaging protocol at
our institution. While it is true that black-blood Cube (GE
Healthcare) or sampling perfection with application-optimized
contrasts by using different flip angle evolution (SPACE;
Siemens) sequences would mitigate this limitation, they would
also depict other anatomic structures in less detail, especially near
the skull base, including the meningioma itself and brain tissue.
Image-acquisition time would also be prolonged with this type of
sequence. Another important point in this respect is that while it
is true that the absence of flow voids on T2WI does not always
reflect sinus invasion by the meningioma, dural sinus invasion
could be evaluated with other noncontrast sequences. Because
meningiomas are usually hyperintense on diffusion-weighted
imaging due to their high cellularity, this sequence could be used
to distinguish slow flow from sinus invasion.

Because one of the advantages of not using contrast media is
to reduce imaging time, it seems somewhat counterproductive to
include sequences that would increase the image-acquisition time
for little gain in quality. At our institution, the actual gain in
imaging time if no contrast was used amounts to the time it takes
to perform 2D-T1 spin-echo Gd and T1 3D-Gd sequences, which
is approximately 8 minutes depending on the scanner. The time
savings would be even more striking if we obviated the need for
contrast MRV, a sequence usually included in the imaging proto-
col of meningiomas that invade or compress the dural venous
sinuses. However, 3D-T2 sequences can sometimes depict the ve-
nous sinuses and structures near the skull base in less detail due
to artifacts. In view of these limitations, a sensible compromise
could be to keep 2D-T2WI in the imaging protocol and replace
the 2D-FLAIR with a 3D-FLAIR sequence.

As mentioned before, health care cost is also an important fac-
tor in modern medical practice, not only to patients in private or
semi-private health care systems but also to societies. In our cen-
ter, the direct cost-saving of performing a noncontrast as opposed
to a contrast brain MR imaging would be approximately $500.
Indirectly, savings would be even more significant if the reduced
image-acquisition time is taken into account. Last and despite the
relative safety of Gd contrast media, the short-term and long-
term consequences of the administration of contrast media could
be avoided and patient safety could be improved.

Literature

The excellent agreement between absolute annual tumor growth
obtained from the T1 3D-Gd and T2WI segmentations strongly
suggests that noncontrast MR imaging is adequate for the follow-
up of most intracranial meningiomas. Our results are in agree-
ment with those by He et al,>’ in 2020, who assessed the suitabil-
ity of T2WI sequences for long-term follow-up of asymptomatic



convexity meningiomas. However, our study differs from this
one in several points, specifically a larger number of patients (123
versus 18), also including skull base meningiomas as well as both
symptomatic and asymptomatic meningiomas, and our study tu-
mor size being assessed by a semi-automated method, thus mini-
mizing interoperator error.

The behavior of skull base meningiomas is different from that of
non-skull base meningiomas, and skull base meningiomas have
shorter retreatment-free survival.”® Notwithstanding some difficul-
ties we encountered with the segmentation of skull base meningio-
mas in certain locations (in the cavernous sinus and near the
orbits), we were reasonably confident that our method had adequate
accuracy for all intracranial locations, and we also included skull
base meningiomas in our study, which are known to behave differ-
ently and exhibit faster growth rates that non-skull base meningio-
mas as observed by Hashimoto et al,®2 in 2012. The fact that the
agreement between the two different sequences remained acceptable
for skull base meningiomas provided some validation to the deci-
sion of including these meningiomas in our study.

Strengths and Limitations

We believe that one of the strengths of our study is that an accurate
semi-automated segmentation method was considered from the
early planning stages of this study to minimize subjectivity and
operator-related variability as much as possible. Furthermore, we
included parameters that are not generally used in routine clinical
practice such as the least axis length and minor axis length of the
tumor, to further confirm the accuracy of the segmentation and
the measurements. Another strong point, in our opinion, is that
we did not exclude skull base or symptomatic meningiomas, mak-
ing our results more generalizable and holding higher external va-
lidity then if we had focused only on convexity meningiomas.

The main limitations of this study are its retrospective rather
than prospective nature and also the potential bias that was intro-
duced by the segmentation process, which was not blinded
between the T1 3D-Gd and T2-weighted images, as each menin-
gioma was segmented by the same operator. The decision to per-
form the segmentation in this manner was made at the beginning
of the study in order to allow the considerable workload to be
shared and to expedite the segmentation process. Another limita-
tion is that although some MR imaging studies from external
institutions were included, it remains a single-center study. Other
limitations relate to the technical aspects of the semi-automated
segmentation; we found that delineation of skull base meningio-
mas in certain locations posed considerable difficulties due to
adjacent anatomic structures with similar signal intensities.
Although care was taken to perform the segmentation of these me-
ningiomas as thoroughly as possible, we acknowledge that some
inaccuracies may have occurred while performing the segmenta-
tion of meningiomas of the cavernous sinus, both on T1 3D-Gd
and T2WI, and those near the orbits on T2WI. A case of a menin-
gioma for which the segmentation was particularly challenging is
illustrated in Fig 5. T2WI-based segmentation tended to overesti-
mate tumor growth. This feature was probably due to the effects of
partial volume averaging, which are to be expected when a 2D
sequence is used to generate 3D parameters, particularly on lesions
that are irregularly shaped. We believe this overestimation could,

however, be easily overcome if a 3D volumetric T2-weighted
sequence was used, which could be a topic of future research.

CONCLUSIONS

Our results show excellent agreement between dimension and
geometric parameters of meningiomas derived from T1 3D-Gd
and T2-weighted sequences, suggesting that the use of Gd-based
contrast agents in follow-up MR imaging of untreated meningio-
mas should be carefully reviewed because the use of gadolinium
might not offer enough added value for assessing tumor size and
growth rates. Furthermore, noncontrast MR imaging would avert
risks associated with contrast media, be more cost effective, and
reduce image-acquisition time.
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