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Abstract
Objectives To compare contrast effects of gadobutrol with
gadoterate meglumine for brain MRI in multiple sclerosis (MS)
in a multicentre, randomized, prospective, intraindividual study
at 3 T.
Methods Institutional review board approval was obtained. Pa-
tients with known or suspected activeMS lesions were included.
Two identical MRIs were performed using randomized contrast
agent order. Four post-contrast T1 sequenceswere acquired (start
time points 0, 3, 6 and 9min). If no enhancing lesionwas present
in first MRI, second MRI was cancelled. Quantitative (number
and signal intensity of enhancing lesions) and qualitative param-
eters (time points of first and all lesions enhancing; subjective
preference regarding contrast enhancement and lesion delinea-
tion; global preference) were evaluated blinded.
Results Seventy-four patients (male, 26; mean age, 35 years)
were enrolled in three centres. In 45 patients enhancing lesions
were found. Number of enhancing lesions increased over time
for both contrast agents without significant difference (median
2 for both). Lesions signal intensity was significantly higher
for gadobutrol (p<0.05 at time points 3, 6 and 9 min). Sub-
jective preference rating showed non-significant tendency in
favour of gadobutrol.

Conclusion Both gadobutrol and gadoterate meglumine can
be used for imaging of acute inflammatory MS lesions. How-
ever, gadobutrol generates higher lesion SI.
Key Points
• Contrast-enhanced MRI plays a key role in the management
of multiple sclerosis.

• Different gadolinium-based contrast agents are available.
• Number of visibly enhancing lesions increases over time
after contrast injection.

•Gadobutrol and gadoterate meglumine do not differ in num-
ber of visible lesions.

•Gadobutrol generates higher signal intensity than gadoterate
meglumine.

Keywords Multiple sclerosis . Inflammation .Magnetic
resonance imaging . Gadolinium-based contrast agent . Signal
intensity

Abbreviations
BBBD blood–brain barrier disruption
DCE-MRI dynamic contrast-enhanced MRI
GBCA gadolinium-based contrast agent
MRI magnetic resonance imaging
MS multiple sclerosis
SE spin echo
SI signal intensity
TE echo time
TR repetition time

Introduction

Magnetic resonance imaging (MRI) of the central nervous
system plays a key role in the management of multiple
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sclerosis (MS). According to the 2010 McDonald criteria, the
diagnosis of MS requires the proof of lesion dissemination in
space and time, which both can be provided by MRI [1]. The
simultaneous presence of gadolinium-enhancing and non-
enhancing lesions on the baseline MRI suffices for the diag-
nosis of lesion dissemination in time [2]. During the course of
disease, MRI has a markedly higher sensitivity for disease
activity than the clinical assessment of relapses [3]. Signs of
disease activity (new T2 and gadolinium-enhancing lesions)
represent a good surrogate marker for treatment effects on
relapses [4] and can predict the effects on relapses over longer
follow-up periods [5].

Gadobutrol (Gadovist; Bayer HealthCare, Berlin, Germa-
ny) is the only 1.0 molar, macrocyclic, second-generation,
gadolinium-based contrast agent (GBCA) approved for
contrast-enhanced MRI of the central nervous system in the
European Union. Several studies compared the contrast ef-
fects of gadobutrol to representatives of the most commonly
used 0.5 molar GBCAs for imaging of brain tumours and
brain metastases in patients and animals and found superior
contrast enhancement characteristics of gadobutrol [6–8].
However, to our knowledge there is no published work com-
paring gadobutrol to a 0.5 molar GBCA in MS. Gadoterate
meglumine (Dotarem; Guerbet, Villepinte, France) is a 0.5
molar GBCAwith a comparable safety profile [9].

Therefore, the aim of this study was to compare the contrast
effects of gadobutrol with gadoterate meglumine for morpho-
logic brain MRI in acute inflammatory MS lesions in a
multicentre, randomized, prospective and intraindividual de-
sign at 3 T.

Materials and methods

This prospective study was conducted in compliance with
Good Clinical Practice (ICH-GCP) and any applicable regu-
latory requirement, and was registered at the European Union
Drug Regulating Authorities Clinical Trials (EudraCT) regis-
ter (number 2009-014857-34). Local institutional review
board approval was obtained at each study centre involved
before study initiation. All patients signed an approved in-
formed consent form before study enrolment.

Estimation of signal intensity difference

We estimated a guiding value for the signal intensity (SI)
difference between the two GBCAs. SI in spin echo (SE)
sequences depends on the longitudinal (T1) or transverse
(T2) relaxation times as described by the following equation
[10]:

SI∼ 1−e−
TR
T1

� �
⋅e−

TE
T2

Echo time (TE) and repetition time (TR) are given by the
used MRI sequence. T1 and T2 relaxation times after GBCA
injection (Ti) can be estimated from relaxation times before
GBCA injection (Ti(0)), GBCA relaxivities (ri) and GBCA
concentrations (c(GBCA)):

1

Ti
¼ 1

Ti 0ð Þ
þ ri⋅c GBCAð Þ

For T1 and T2 relaxation times of brain white matter at 3 T,
1300 ms and 100 ms were used, respectively [11]. GBCA
relaxivities in inflammatory brain lesions are unknown. We
alternatively used the relaxivities in plasma at 37 °C [10].
Relative SI difference was calculated as

ΔSI ¼ SIgadobutrol −SIgadoterate meglumine

SIgadoterate meglumine
⋅100%

SI differences were computed for GBCA concentrations
between 0.001 and 1 mmol/L.

Patients

Before commencement of the study, sample size calculations
were performed with the result that a minimum of 43
evaluable patients were needed. Patients were enrolled at three
participating university hospitals in Germany. Patients were
eligible if they were between 18 and 85 years of age, had been
diagnosed with MS, and presented with a known or suspected
active MS lesion for a planned contrast-enhanced MR exam-
ination of the brain. Patients were ineligible if they had any
contraindications for MRI or GBCA application (pregnancy
or breast-feeding, impaired renal or hepatic function, allergies
or history of anaphylactic reaction, inability to remain lying
down for 30 min, metallic implants), were clinically unstable,
had received any GBCAwithin 24 h before study enrolment
or were scheduled for any therapy that may interfere with the
comparability of the study procedures (e.g. corticosteroid ap-
plication between the two examinations). Enrolled patients
were prospectively randomized to one of two GBCA admin-
istration orders: gadobutrol first or gadoterate meglumine first.

Magnetic resonance imaging

MRI was performed on 3-T systems (Trio and Verio; Siemens
Healthcare, Erlangen, Germany) using 32-channel head coils.
The two MRI examinations in every individual patient were
conducted on the same scanner. The imaging protocol
consisted of transverse T1-weighted SE sequences before
and after GBCA injection. Scan parameters were TR
550 ms, TE 9 ms, slice thickness 5 mm, FOV 22×22 cm,
matrix 320×320. The acquisition of additional transverse
T2-weighted turbo spin echo as well as transverse and sagittal
T2-weighted fluid attenuated inversion recovery sequences
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was performed according to the Consortium of MS Centers
consensus guidelines [12]. Parallel imaging was not used. To
ensure identical slice positioning between the two MRI scans
of each patient a vendor-provided automatic slice-positioning
systems (AutoAlign; Siemens Healthcare, Erlangen, Germa-
ny) was used in all patients.

Intravenous GBCA administration was performed identi-
cally in both examinations. A dose of 0.1 mmol Gd/kg body
weight (i.e. 0.1 ml/kg for gadobutrol and 0.2 ml/kg for
gadoterate meglumine) was injected into an antecubital vein
by manual or power injection, followed by a saline flush of
20 ml.

Post-contrast image acquisition began directly after the in-
travenous injection was finished. The transverse T1-weighted
SE sequence was repeated consecutively four times with each
scan lasting for 3 min and the entire post-contrast imaging
lasting for 12 min. Post-contrast time points were labelled
by sequence start time (i.e. 0, 3, 6 and 9 min post GBCA
injection).

The first MRI in all patients was read by an on-site inves-
tigator. Only when a contrast-enhancing brain lesion was pres-
ent was a second MRI scheduled. Otherwise, the patient was
terminated from the study. The interval between the two MR
imaging examinations was between 12 h (to prevent any effect
of carry-over) and 4 days (to minimize the chance of lesion
evolution).

Image evaluation

All study images (1 pre- and 4 post-contrast image sets in each
examination) and case report forms were transferred to a cen-
tral imaging core lab and a quality check (observance of study
protocol, completeness of MRI examinations and correctness
of MRI sequence parameters) was performed.

The examinations were evaluated by two experienced neu-
roradiologists with 13 years (reader 1) and 7 years (reader 2)
of neuroradiology experience. Both readers were blinded to
the GBCA used and the patients’ clinical and radiologic infor-
mation. The read consisted of three sessions. In all sessions the
reader could perform routine image-manipulation functions
(e.g. window/level, zoom and pan) on all image sets.

In session 1 (quantitative step 1, both readers) the pre-
contrast and one randomized corresponding post-contrast im-
age set were displayed together. The technical adequacy of
both image sets was evaluated [excellent, adequate (with arte-
facts, but tolerable for assessment), inadequate (not tolerable
for further evaluation)] and the number of enhancing lesions
on the post-contrast set was calculated. All post-contrast im-
ages of all examinations were displayed sequentially in a ran-
domized order.

In session 2 (qualitative, both readers) for each patient all
image sets from both examinations were shown simultaneous-
ly in a matched-pairs fashion. All image sets were

synchronized. The readers were asked at which time point
the first enhancing lesion appeared and at which time point
all contrast-enhancing lesions were visible for the first time for
each GBCA. They were further asked for their subjective
preference in a direct comparison of both contrast agents re-
garding contrast enhancement, lesion delineation from sur-
rounding tissue/oedema as well as their global subjective pref-
erence (MR 1 better thanMR 2, both MR studies equal, MR 2
better than MR 1).

In session 3 (quantitative step 2, only reader 1) the
matched-pairs hanging protocol was used again. Circular re-
gions of interest (ROIs) were placed around the enhancing
parts of up to six representative MS lesions per examination,
with an ROI size of at least 50 % of the total lesion size. The
ROIs were copied automatically to the other time points and
the corresponding second examination (same ROI size), but
could be moved by the reader if necessary. For all ROIs the
mean signal intensity, standard deviation (SD) and size (cm2)
were saved.

Statistical analysis

Results are displayed as medians and range for the number of
lesions, as means with standard deviation for continuous data,
and absolute and relative frequencies for categorical data.

The preferences for one or the other GBCAwere evaluated
by logistic regression analysis across readers and by sign tests
per reader’s assessment (secondary). For binary and ordinal
scaled efficacy end points, logistic and multinomial regression
analyses were performed on the basis of generalized estima-
tion equations. For continuous data, a mixed linear model was
used. Independence was used as a working correlation matrix
taking into account the repeated measures design by two
blinded readers and the intra-individual comparison of the
GBCAs. The signal intensity was compared between the
GBCAs across readers and by reader using mixed linear
models as described above. The models were set up as Y=
Xβ+Zu+ε with Y being the vector of observations, β being a
vector of fixed effects [treatment group and baseline value (for
changes from baseline)], u being a vector of independent and
identical distributed random effects (reader and segment with-
in a patient), X and Z being matrices of regressants and ε being
the error term.

Statistical tests were performed two-sided, where p values
below 0.05 were regarded as statistically significant.

The study was powered for hypothesis testing of the pri-
mary end point Boverall assessment of contrast enhancement^.
All secondary analyses are regarded as descriptive and hy-
pothesis-generating.

Calculations were performed using SAS 9.2 (SAS Institute
Inc., Cary, NC, USA). Sample size calculations were per-
formed with PASS 2005 (NCSS, Kaysville, UT, USA).
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Results

Estimation of signal intensity difference

The estimated guiding value for the SI difference between the
two GBCAs depends on the GBCA concentration and ranges
between 0.02 % and 10.8 % (Fig. 1).

Patients

Seventy-four consecutive patients were enrolled in a consec-
utive manner at the three study centres between January 2010
and October 2012. Table 1 summarizes the demography. Of
the enrolled patients, 29 showed no contrast-enhancing lesion
in the first MRI and hence were terminated from the study. Of
these, 12 had received gadobutrol and 17 gadoterate
meglumine.

Forty-five patients completed both MRI examinations and
were included in the blinded read. No adverse events were
reported during the study period for any patient. The median
time interval between the two MRIs was 16 h (interquartile
range, 14–21 h; total range, 12–94 h).

Quantitative analysis

For both GBCAs all image sets but one post-contrast set each
were scored excellent or adequate by both readers.

No contrast-enhancing lesions were found on pre-contrast
images. The number of enhancing lesions on post-contrast
images did not show a significant difference between gadobu-
trol (median 2) and gadoterate meglumine (median 2) for all
post-contrast time points (p>0.05).

Lesion signal intensity was higher for gadobutrol for all
post-contrast time points with the difference showing

statistical significance for the time points 3, 6 and 9 min
(Fig. 2; p=0.04 at 3 min, 0.01 at 6 min and 0.02 at 9 min).

Qualitative analysis

Regarding the time point with the first enhancing lesion and
the time point which shows all enhancing lesions, no statisti-
cally significant difference was found for both readers (Fig. 3;
p>0.05). For both GBCAs in some patients the first contrast-
enhancing lesion became visible at the last time point (9 min).

In no parts of the subjective preference analysis was a sta-
tistically significant difference between the GBCAs found for
both readers (p>0.05). However, the combined analysis of
both readers showed a tendency towards gadobutrol (Figs. 4
and 5).

Discussion

This is the first published study comparing gadobutrol to
gadoterate meglumine for brain MRI in acute inflammatory
MS lesions. We found a significantly higher mean lesion SI
for gadobutrol and a non-significant tendency in favour of a
subjective preference of gadobutrol.

To facilitate the transfer of our results into clinical rou-
tine, the used imaging protocol was set up as close as
possible to a routine diagnostic work-up, considering the
published imaging guidelines [13, 14]. We therefore select-
ed a robust conventional SE sequence and refrained from
the quantification of the blood–brain barrier disruption
(BBBD) using a dynamic contrast-enhanced MRI (DCE-
MRI) approach. Moreover, we chose two commonly used
GBCAs with a comparable safety profile.

Fig. 1 Estimated SI difference
between the two GBCAs as a
function of concentration. The
calculation is based on certain
assumptions stated in the
manuscript. X-axis is scaled
logarithmically to the base e. SI
difference increases with GBCA
concentration and peaks at
approximately 0.25 mmol/L.
Estimated intralesional GBCA
concentration in MS lesions is
below 0.14 mmol/L
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Contrast enhancement in MS lesions changes over time
naturally. Therefore, the time interval between the two MRI
scans should be as short as possible. On the other hand, a
certain time interval is necessary to allow for sufficient elim-
ination of the first GBCA before the second scan. We defined
12 h as the minimum time interval. A longer period would
have allowed for a more complete excretion of the first
GBCA. However, all patients included in this study suffered
from an acute MS relapse and in the majority of the patients
therapy by corticosteroid injection could not be postponed
longer than approximately 12 h from clinical views. As corti-
costeroids can rapidly reverse the BBBD [13], the second
MRI scan had to be performed before therapy initiation. Based
on a serum half-life of approximately 90 min for both used
GBCAs (summaries of product characteristics), less than 1 %
of the previously injected GBCA amount remains in the body
after 12 h. Only patients with normal renal function were
included in the study. The median time interval between the
two MRI scans in all enrolled patients was 16 h. All pre-
contrast images of this study were reviewed and no contrast-
enhancing lesion was found. Finally, we randomized the
GBCA injection order to distribute any potential residual
carry-over effect between the two GBCAs.

Acute inflammatory MS lesions exhibit a BBBD, allowing
extravasation of lowmolecular weightMRI GBCAs over time
[15]. The accumulation of GBCAs in the extravascular extra-
cellular space shortens the longitudinal relaxation time T1 and
thus results in increased signal intensity in T1-weighted MRI
sequences [10]. However, the time course and intensity of
contrast enhancement in MS lesions can vary [16]. In a given
lesion, the contrast depends on the magnetic field strength,
local GBCA concentration and GBCA magnetic properties
[10].

In today’s clinical practice the maximum broadly available
magnetic field strength is 3 T. There are reports that imaging at
3 T can improve diagnostic sensitivity in MS [17, 18]. We
therefore performed our study at this field strength.

The intralesional GBCA concentration at a given time
point depends on the injected GBCA dose and the GBCA
tracer kinetics and may differ between GBCAs. The
GBCA standard dose is 0.1 mmol/kg body weight. Studies
indicated that MS lesion detection may be improved with
higher GBCA concentrations (0.2–0.3 mmol/kg body
weight) [19, 20]. However, increasing the injected GBCA
dose is expensive and is discouraged in view of
nephrogenic systemic fibrosis [9].

Table 1 Demography of the
enrolled patients. No statistically
significant differences were
present between the two groups.

Total (n=74) Gadobutrol first (n=37) Gadoterate meglumine first (n=37) p

Age (years) 35±10.3 35±10.2 35±10.6 0.84

Gender

Male 26 (35 %) 15 (41 %) 11 (30 %) 0.47
Female 48 (65 %) 22 (59 %) 26 (70 %)

Height (cm) 172±8.1 173±9.4 172±6.7 0.58

Weight (kg) 74±14.4 76±15.0 71±14.4 0.19

Fig. 2 Measured SI of MS
lesions after GBCA injection.
Asterisk indicates a statistically
significant difference (p<0.05).
Bars show standard deviations.
Gadobutrol generated a higher
lesion SI at all time points
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GBCA magnetic properties, described by their T1 and T2
relaxivities, vary among different GBCA and depend in a
complex manner on the physiological environments and the
level of protein binding. The published relaxivities of gado-
butrol in plasma at 37 °C (r1=5.0, r2=7.1) are higher than for
gadoterate meglumine (r1=3.5, r2=4.9) [10]. However, SI in
MRI is not directly proportional to the GBCA relaxivities and
depends on different influencing factors. Nevertheless, we
roughly estimated the theoretical SI difference between the
two GBCAs. There are no published data on GBCA

concentrations in inflammatory MS lesions. However, the re-
sults of an in vivo measurement of GBCA concentrations in a
rat glioma model might serve as a reference [21]. In this study
the GBCA concentration in the tumour (in mmol/L tumour
volume) was between 0.9- and 1.4-fold the injected concen-
tration (in mmol/kg body weight). Considering the variable SI
in MS lesions, GBCA concentrations are likely to vary. Based
on the GBCA standard dose for human examinations
(0.1 mmol/kg body weight), the calculated SI difference was
in the range of 2–10 %. Although our calculation is based on

Fig. 3 a Time point of the first lesion enhancing after GBCA injection. b
Time point which shows all enhancing lesions after GBCA injection. The
number of enhancing lesions increased over time for both GBCAs. In

some patients for both GBCAs the first enhancing lesion was found at the
last time point

Fig. 4 Subjective preference
rating showed a non-significant
tendency in favour of gadobutrol
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certain assumptions, the calculated and the empirically found
SI difference (2–4 % for the different time points) are in good
agreement.

We observed a continuous increase of SI and the reported
number of MS lesions during the investigated time period of
12 min after GBCA injection for both GBCAs. In some pa-
tients the first enhancing lesion became visible at the last time
point for both GBCAs. This finding is in keeping with the
results of previously published studies on MS lesions [12,
19, 22] and tumours [23]. Bagheri et al. indicated that the SI
and number of MS lesions might even rise during the first
hour after contrast injection [24]. In contrast, there are also
reports that the number of enhancing MS lesions can decrease
at 30 min [25, 26]. Current imaging guidelines recommend a
minimum scan delay after GBCA injection of 5 min [13] or
performance of the GBCA injection before the first MRI se-
quence [14].

BBBD can occur in different brain pathologies frommanifold
pathophysiologic mechanisms [15]. BBBD in MS seems to re-
sult from heterogeneous pathogenetic mechanisms [27, 28].
There is evidence that the conventional binary approach, differ-
entiating between enhancing and non-enhancingMS lesions, is a
simplification of the pathophysiological processes in an inflam-
matory lesion. The BBBD seems to develop over a certain time
and then gradually resolves again [17, 29]. Dichotomization in
enhancing versus non-enhancing lesions results from the subjec-
tive assessment of the reporting radiologist; it may also result in
the opposite judgment in the same patient depending on the
detection threshold of the used MRI protocol. A solution to this
dilemma could be the quantification of the BBBD byDCE-MRI

[30–32]. However, this approach is complex and hardly used
outside of specialized centres. The binary reporting approach is
currently the widely accepted standard. Therefore, we performed
the conventional qualitative image evaluation by two readers.

Our study has some limitations. First, the last post-contrast
scan ended 12 min after contrast injection. A longer scan time
might have revealed more slowly enhancing brain lesions.
However, our focus was on the comparison of two different
GBCAs. For all time points imaged, the SI of gadobutrol was
higher than that of gadoterate meglumine. Considering the
similar serum half-life and molecular weight of both GBCAs,
it appears unlikely that this ratio would have reversed after a
longer delay time. Second, we performed our study at 3 T
only. The results at 1.5 T cannot be directly extrapolated from
our results. Third, all MRI scanners used were manufactured
by the same vendor, so that generalizations to other MRI
scanners are to be done with care. However, we used a simple
SE sequence, which is available on virtually every MRI scan-
ner from all vendors. Fourth, in some of the enrolled patients
no contrast-enhancing lesion was found in the first MRI. In
these patients no second MRI was scheduled to limit patient
stress and study complexity. This approach was validated by
the study results. No patient with enhancing lesions in the first
MRI lacked enhancing lesions in the secondMRI. Finally, the
GBCAs could not be blinded to the site investigators, as the
gadolinium concentrations differed between them and differ-
ent amounts had to be injected. However, the MRI parameter
settings were fixed during the study for both GBCAs and the
readers were blinded to the GBCA to ensure that bias towards
one or the other GBCA is minimized. The study was powered

Fig. 5 A 43-year-old woman with acute MS relapse. T1-weighted
transverse SE images before (1a, 2a) and 0 min (1b, 2b), 3 min (1c,
2c), 6 min (1d, 2d) and 9 min (1e, 2e) after intravenous GBCA

injection. Upper row shows MRI study with gadobutrol, lower row
shows MRI study with gadoterate meglumine. The active MS lesion
demonstrates a higher SI with gadobutrol
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for hypothesis testing of the primary end point Boverall assess-
ment of contrast enhancement^. All secondary analyses are
regarded as descriptive and hypothesis-generating.

In conclusion, both gadobutrol and gadoterate meglumine
can be used for imaging of acute inflammatory brain MS
lesions. However, gadobutrol generates a significantly higher
lesion SI. To improve lesion detection we recommend a scan
delay after GBCA injection or performance of the GBCA
injection before the first MRI sequence.
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