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Background. Glioma follow-up is based on MRI parameters, which are correlated with survival. Although established criteria are
used to evaluate tumor response, radiological markers may be confounded by differences in instrumentation including the mag-
netic field strength. We assessed whether MRIs obtained at 3 Tesla (T) and 1.5T provided similar information.

Methods. We retrospectively compared imaging features of 30 consecutive patients with WHO grades II and III gliomas who un-
derwent MRI at 1.5T and 3T within a month of each other, without any clinical changes during the same period. We compared
lesion volumes on fluid attenuation inversion recovery (FLAIR), ratio of cerebral blood volume (rCBV) on perfusion-weighted im-
aging, contrast-to-noise ratio (CNR) on FLAIR, and on post-gadolinium 3D T1-weighted sequences between 1.5T and 3T using
intraclass correlation coefficient (ICC). Concordance between observers within and between modalities was evaluated using
weighted-kappa coefficient (wk).

Results. The mean+SD delay between modalities (1.5T and 3T MRI) was 8.6+5.6 days. Interobserver/intraobserver concordance
for lesion volume was almost perfect for 1.5T (ICC¼ 0.96/0.97) and 3T (ICC¼ 0.99/0.98). Agreement between observers for con-
trast enhancement was excellent at 1.5T (wk¼ 0.92) and 3T (wk¼ 0.92). The tumor CNR was significantly higher for FLAIR at 1.5T
(P , .001), but it was higher at 3T (P¼ .012) for contrast enhancement. Correlations between modalities for lesion volume (ICC¼
0.97) and for rCBV values (ICC¼ 0.92) were almost perfect.

Conclusions. In the follow-up of WHO grades II and III gliomas, 1.5T and 3T provide similar MRI features, suggesting that mon-
itoring could be performed on either a 1.5 or a 3T MR magnet.
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In neuro-oncology, monitoring of cerebral glioma is based
mainly on clinical and imaging follow-up. Identification of on-
cological treatment efficacy depends on an objective response
rate, which can be established by tumor changes on MR imag-
ing. The follow-up of infiltrative gliomas in adults (WHO grades
II, III, and IV) requires an MRI every 3 to 6 months, depending
on tumor grade of malignancy, to track signs of tumor progres-
sion and/or transformation toward a higher grade of malignan-
cy. Tumor response assessment is based on MRI criteria,1 – 3

such as tumor size evaluations4 – 6 or enhancement character-
istics.7 In the absence of clear-cut malignant transformation,

such as the emergence of new contrast enhancement, the pro-
gression of WHO grade II gliomas is challenging because it is
based on small, incremental, and asymptomatic increases in
size on serial T2-weighted MRIs.4,8,9

High-field MRI, especially 3 Tesla (T) MR units, is increasingly
available10 and routinely performed on patients with brain dis-
orders including gliomas. Studies have shown that 3T MR is
more sensitive than 1.5T MR for detecting brain lesions.11 – 13

If the magnetic field has an impact on the measured tumor
size or the detection of contrast enhancement, then any infil-
trative glioma, and particularly grades II and III gliomas,
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should theoretically be monitored at a given magnetic field
strength (either 1.5T or 3T). This may avoid erroneously consid-
ering a glioma as progressive when switching from 1.5T to 3T
or, conversely, missing a progression when switching from 3T
to 1.5T. Recommendations to date neither mention the MR
field strength that should be used nor indicate how to handle
a change in MR field strength during monitoring of WHO grades
II and III gliomas. Aside from clinical care, changes due to MR
field strengths may also induce variability in measurements of
tumor progression that would bias therapeutic trials using
MR-imaging endpoints.14

To shed some light on these issues, we determined if there
were any differences between 3T and 1.5T MR scans for the
main imaging features of WHO grades II and III gliomas. We
further compared the quantitative parameters extracted from
first-pass gadolinium-perfusion MR between these 2 magnetic
field strengths to determine whether patients harboring a glio-
ma could be monitored regardless of whether a 1.5 or 3T MR
unit is used.

Materials and Methods
The Institutional Review Board approved this observational
study, and informed consent was obtained from all
participants.

Selection Criteria

Over a 6-month period, we retrospectively identified (from a
prospectively maintained database) all consecutive adult pa-
tients with a diagnosis of supratentorial WHO grade II or III gli-
oma based on pathological examination according to the WHO
classification of the CNS tumors.15 We were searching for pa-
tients who had undergone both 1.5 and 3T MRI less than one
month apart, with index MRI qualifying for the study and no
clinical changes between the 2 exams regardless of previous
oncological treatments or pathological or molecular subtype.
Scanning participants at 3T MRI (new 3T MR unit installed at
the start of the study period beside the 1.5T MR unit) was per-
formed in order to obtain a baseline MR exam for further follow-
up. The 3T MR unit was used thereafter for all participants who
were previously followed on the 1.5T MR unit.

Image Acquisition

MR images were acquired with a 1.5T (SignaEchoSpeed, GE
Healthcare) and a 3T (MR750 Discovery, GE Healthcare) scanner
using a 16-channel phased-array head coil. Both 1.5T and 3T
exams were scheduled within a month of each other, and the
sequence of the 2 exams depended on availability of each MR
unit. For both modalities, imaging included fluid attenuation in-
version recovery (FLAIR), axial T1-weighted (-w) sequences,
perfusion-weighted imaging (PWI), and postcontrast 3D T1-w
sequences (Fig. 1). PWI was obtained using a T2*-weighted
echo-planar sequence after a bolus (5–7 mL/s of 0.1 mmol/
kg of body weight) of gadoteric acid (Guerbet. Postcontrast
3D T1-w was obtained approximately 3 minutes after contrast
injection. Total acquisition time was 13 minutes for a 1.5T ex-
amination and 14 minutes for a 3T examination.

Image Analysis

Two radiologists (R.S.S., 10 years of experience with 5 years spe-
cialized in neuro-oncology; L.T., 5 years of experience with no
specialization in neuro-oncology; they had been working to-
gether for ,6 months at the time of the study), who were
blinded to participants’ clinical files, independently analyzed
1.5T and 3T MRIs separately (the order of analysis was random)
on a dedicated workstation (Advantage Windows, GE Health-
care) displaying FLAIR, T1-w, and postcontrast 3D T1-w images
of 1.5 or 3Texaminations at the same time. Three months later,
one radiologist (R.S.S.) reanalyzed the same panel of images in
random order to assess intraobserver variability. Interactive

Fig. 1. Patients with glioma at 1.5T (left column) and 3T (right column).
A and B. Axial FLAIR sequence at 1.5T (A) and 3T (B) of a 51-year-old
woman with a left frontal glioma (WHO grade II) treated with
radiation therapy 9 years before. Time interval between examinations:
3 days. C, D, E and F. Post-contrast 3D T1-w (C, D), and perfusion
images (E, F) of a 56-year-old patient with a progressing grade II
oligoastrocytoma treated 10 years before with surgery and radiation
therapy, showing nodular contrast enhancement (white arrows) at
1.5 (C) and 3-T (D). Focal rCBV increase visible as a “hot spot” (high
values in red, low values in blue) on co-registered perfusion
parametric map and post-contrast 3D T1-w images (black arrows) at
1.5 (E) and 3T (F). Time interval between examinations: 7 days.
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tools based on FLAIR signal intensity were used to obtain lesion
volume (mL). Semiautomated 3D segmentation included signal
intensity thresholding within a 3D mask encompassing the area
of hyperintensity, morphometric filtering, and manual contour-
ing. Contrast enhancement was analyzed using a simplified
scale (no enhancement, faint and patchy contrast enhance-
ment, nodular or ring-like contrast enhancement).7 In the
case of discrepancies between readers, the final score was
reached by consensus. The lesion’s contrast-to-noise ratio16

on FLAIR sequences (CNRFLAIR) was measured. For this purpose,
1.5T and 3T FLAIR images were coregistered using automated
3D rigid registration software (Integrated Registration, GE
Healthcare), checked visually, and corrected manually when
necessary. Then, 2D circular (10 mm diameter) regions of
interest (ROIs) were positioned in the lesion, in the nontumoral
contralateral white matter, and in the background with
consensus by the 2 observers. This set of 3 ROIs was projected
on all images (1.5T and 3T) to insure similar ROI placement. Ex-
cept for ROI size, which was adapted to the size of the enhanc-
ing portion of the lesion, a similar method was used to
measure lesion enhancement after contrast administration
(CNRCONTRAST). PWI data were postprocessed using Brain-Stat
Arterial Input Function software (READY View, GE Healthcare)
for an automated generation of cerebral blood volume (CBV)
maps. These were obtained by circular deconvolution of the
tissue concentration time course using an arterial input func-
tion from contralateral arteries. On CBV maps obtained with
1.5T and 3T images, a ROI was centered on the hot spots
(peak CBV value) within the lesion and then copied to the con-
tralateral nontumoral tissue at 1.5 and 3T in order to com-
pute CBV ratios (rCBV).

Finally, the effect of MR field strength on participants’ re-
sponse to oncological treatments was analyzed. Both radiolo-
gists and a neurosurgeon (J.P., 7 years of experience) jointly
compared the index MRIs reports and clinical features to partic-
ipants’ previous (3 to 6 months prior to index MRIs) and next (3
to 6 months after index MRIs) evaluations according to Re-
sponse Assessment in Neuro-Oncology (RANO) criteria for dif-
fuse low-grade1 and high-grade gliomas.2

Statistical Analysis

The characteristics of participants and lesions are presented as
numbers and percentages for qualitative variables and
means+SDs for quantitative variables. Interobserver and intra-
observer variability was assessed using Cohen’s quadratic
weighted kappa coefficient (wk) for qualitative ordinal ranked
data.17 Intraclass coefficient (ICC) was used for quantitative
variables.18 Agreement was considered as moderate for wk¼

0.41–0.6, substantial for wk¼ 0.61–0.8, and almost perfect
for wk¼ 0.81 –1 or ICC . 0.8.19 Observer 1’s (most experi-
enced) results were considered as the reference for 1.5 versus
3T comparisons of volumes and contrast enhancement. A Wil-
coxon matched-pairs signed-rank test was performed to com-
pare variables between 1.5T and 3T modalities. A 2-sided P
value , .05 was considered statistically significant. Statistical
analysis was performed with the SPSS statistical software pack-
age, version 22 (IBM, SPSS Statistics).

Results

Participant and Tumor Characteristics

Thirty participants fulfilled the inclusion criteria and comprised
the study group. Their characteristics are summarized in
Table 1. Twenty-six (87%) participants harbored a WHO grade
II glioma, and 4 (13%) harbored a WHO grade III glioma. Most
partilcipants (n¼ 22, 73%) had the1.5T MRI before 3T MRI.
Mean interval (+SD) between 1.5 and 3T MR examinations
was 8.6 (+5.6) days. None of the participants experienced clin-
ical worsening or epileptic seizures in the interval between the 2
MRIs.

Interobserver and Intraobserver Variability

Interobserver and intraobserver agreements were excellent for
lesion volumes at either 1.5T (ICCinter¼ 0.96; 95% CI, 0.92–
0.98/ICCintra¼ 0.97; 95% CI, 0.95–0.99) or 3T (ICCinter¼ 0.99;
95% CI, 0.98–1/ICCintra¼ 0.98; 95% CI, 0.95–0.99) (Table 2).
Regarding the classification of focal areas of contrast enhance-
ment, intraobserver reproducibility was perfect (wk¼ 1), and in-
terobserver reproducibility was almost perfect (wk¼ 0.92; 95%
CI, 0.73–1) for both 1.5T and 3T (discrepancies observed in 2
participants at 1.5T and 2 at 3T) MRIs.

Comparison Between 1.5 and 3 Tesla

Tumor volumes obtained at 1.5T and 3T were almost perfectly
correlated (ICC¼ 0.97; 95% CI, 0.95–0.99) (Fig. 2A), despite the
fact that CNRFLAIR was significantly higher at 1.5T (P , .0001).
Noteworthy, both observers noted a higher signal in the outer

Table 1. Participant and lesion characteristics

n¼ 30

Age, years, mean+SD (Range) 48+13
Sex

Male 19 (63)
Female 11 (37)

Tumor histopathological subtype
Astrocytoma 8 (27)
Glioma with oligodendroglial component 22 (73)

Oncological treatments
None 4 (13)
Surgery alone 2 (7)
Radiation therapy alone 6 (20)
Surgery + radiation therapy 8 (27)
Surgery + chemotherapy 1 (3)
Radiation therapy + chemotherapy 2 (7)
Surgery + radiation therapy + chemotherapy 7 (23)

Number of oncological treatments (When treated)
1 8 (27)
2 11 (37)
3 7 (23)

Abbreviation: SD, standard deviation.
Results are expressed as number of participants (percentages), unless
specified.
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margins than that in the core of the lesion on FLAIR sequence
at 3T imaging, providing an excellent contrast between the le-
sion boundaries and the apparently normal adjacent brain
tissue.

CNRCONTRAST was significantly higher at 3T (P¼ .012) (Fig. 3).
The same number of areas of focal contrast enhancement was
detected on 1.5 and 3T (Table 2), with only slight differences in
classification (wk¼ 0.96 (95% CI, 0.83–1). Perfusion parame-
ters were available for 1.5 and 3T modalities for 25 (83%) par-
ticipants. Although most rCBV values were low (mean
rCBV1.5T¼ 0.99+0.69 and rCBV3T¼ 1.10+1.04, respectively;
P¼ .29), correlation between modalities was excellent (ICC¼
0.92 [95% CI, 0.85–0.97]) (Fig. 2B).

Impact on Response Assessment According to Response
Assessment in Neuro-Oncology Criteria

Participants with WHO grade II gliomas (n¼ 26) were evalu-
ated using RANO criteria for diffuse low-grade gliomas,1 and
participants with WHO grade III gliomas (n¼ 4) were evalu-
ated using RANO criteria for high-grade gliomas.2 At the time
of the index MRIs, 4 participants (13%) were considered as
having progressive disease in comparison with the previous
evaluation. Five additional participants (17%) had progressed
3 to 6 months after the index MRIs. All other participants
were considered as having stable disease, and no complete,
partial, or minor response was registered. Participant re-
sponse assessment was the same using the 1.5 or the 3T
index MRI.

Discussion
We show for the first time, in 30 WHO grade II and III supra-
tentorial gliomas, that tumor morphological features (vol-
ume, contrast enhancement) are similar between 1.5T and
3T MRI. Furthermore, we found that interobserver and intra-
observer reproducibility was excellent regardless of the MR
field.

The design of our study allowed accurate comparisons be-
tween the 2 MRI modalities since the same participants were
scanned at both 1.5T and 3T magnetic fields on a magnet
from the same manufacturer, using similar head coils and ac-
quisition times. These results may have important practical

Table 2. Morphological imaging analysis at 1.5 and 3Tesla in the 30 participants studied

Reader 1
First Session

Reader 1
Second Session Reader 2

1.5T 3T 1.5T 3T 1.5T 3T

Lesion volume on FLAIR, mL+SD 44.3+33.1 44.7+37.3 42.8+27.4 43.4+30.6 40.7+25.2 42.3+34.3
Contrast enhancement n (%)

No enhancement 18 (60) 18 (60) 18 (60) 18 (60) 19 (63) 19 (63)
Faint and patchy 6 (20) 6 (20) 6 (20) 6 (20) 6 (20) 6 (20)
Nodular or ring like 6 (20) 6 (20) 6 (20) 6 (20) 5 (17) 5 (17)

Abbreviations: FLAIR, fluid-attenuated inversion recovery; SD, standard deviation; T, Tesla.
Results are expressed as number of participants (percentages), unless specified.

Fig. 2. Comparison between 1.5 and 3T. A. Graph showing linear
regression (black line) with 95% CI (dotted lines) of lesion volumes at
1.5-T and 3-T (rspearman¼ 0.96 [95% CI:0.9220.98]) Each dot
represents a patient. B. Graph showing linear regression (black line) with
95% CI (dotted lines) of rCBV values on PWI at 1.5T and 3T (rspearman¼
0.90 [95% CI:0.7920.96]).
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implications for patient care: (i) they suggest that the MR imag-
es obtained during follow-up of a WHO grade II or III glioma
can be acquired and analyzed regardless of the MR field
strength; (ii) they strengthen the reliability of comparing
tumor evolution based on serial MRIs from MR units with differ-
ent magnetic fields; (iii) they provide additional flexibility in
scheduling the MR follow-up of such patients since referring
centers are increasingly equipped with more than one MR
unit; and (iv) they offer the possibility of performing MR
follow-up in different institutions, given the multidisciplinary
and/or multicenter approach for managing such gliomas. Be-
yond clinical care, the present results may also simplify image
acquisition for assessment of tumor response following onco-
logical treatment and outcomes in prospective trials.

The excellent volume matching we observed between 1.5
and 3T may seem surprising, given that lesion CNR was higher
on FLAIR at 1.5T. However, the lower CNR at 3T within the lesion
was likely compensated by the high signal of the outer margins
of the lesion on 3T imaging, which provided excellent contrast
with the apparently normal adjacent brain tissue. This contrast
may be related to a higher cellular density at the peripheral part
of the tumor than its core, a finding we have previously ob-
served in large tumors using a correlative pathological and im-
aging analysis with cell quantification.20 Regarding contrast
enhancement, CNR was significantly higher on 3T in compari-
son with 1.5T, which as in line with previous preclinical16,21

and clinical studies.11 This did not, however, translate into a
higher detection rate of focal contrast enhancement in our
population. Nevertheless, the higher CNR we observed on 3T
postcontrast images may allow a reduction in the quantity of
contrast medium at 3T.11

We further found that rCBV values were consistent between
1.5 and 3T, whereas higher rCBV values at 3T in comparison
with 1.5T have been reported in a small series of intra-axial
space-occupying lesions.22 These differences may, at least in
part, be related to differences in the PWI sequence parameters

between the 1.5 and 3T MRI used in the latter study, whereas
our parameters were kept almost identical between the 2 MR
fields. Our results should, however, be interpreted with caution
given that most participants had rCBV values well below the
1.7523 cut-off at both 1.5 and 3T and therefore did not encom-
pass the whole spectrum of brain gliomas, particularly glioblas-
tomas. We cannot exclude that a “bottom effect” could have
masked potential differences between rCBV values obtained
at 1.5T and 3T.

The present study has several limitations: (i) although the
database was prospectively maintained and participants con-
secutively enrolled, the analysis was retrospective; (ii) the
study sample is small but represents the only study comparing
MR images of WHO grades II and III gliomas scanned on 1.5
and 3T magnetic fields in a short period of time; (iii) the present
findings must be extrapolated with caution to MR units from
other manufacturers because sequence parameters and
image quality vary between machines, which could introduce
a potential factor for variability; (iv) the acquisition times
were short and similar on both MR field strengths. Longer acqui-
sition times would improve image quality on 1.5 or 3T, and dif-
ferences might then become apparent; (v) given the potential
additional variability that could arise with less-experienced ra-
diologists, these results should be extrapolated with caution to
readers who are not specialized in neuro-oncology; (vi) readers
were not blinded to magnetic field strength given that images
are visually distinguishable, a limitation inherent to all studies
comparing 1.5T and 31.5T images; and (vii) we did not compare
spectroscopy, diffusion-weighted imaging, or perfusion para-
meters such as permeability, which may differ between 1.5
and 3T.

In this study we have shown that 1.5T and 3T units provided
similar MR features in participants with WHO grades II and III
gliomas with high interobserver and intraobserver reproducibil-
ity, suggesting that such gliomas can be imaged with compa-
rable results using either magnetic fields.

Fig. 3. Contrast-to-noise ratio. Scatter-plot comparing lesion CNR on FLAIR sequences (CNRFLAIR) and lesion enhancement on 3D T1-w images
after injection of contrast medium (CNRCONTRAST), using Wilcoxon matched-pairs signed-rank test (P*).
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