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BACKGROUND AND PURPOSE: The higher relaxivity of gadobenate dimeglumine compared with ga-
dodiamide is potentially advantageous for contrast-enhanced brain MR imaging. This study intraindi-
vidually compared 0.1-mmol/kg doses of these agents for qualitative and quantitative lesion
enhancement.

MATERIALS AND METHODS: Adult patients with suggested or known brain lesions underwent 2
identical MR imaging examinations at 1.5T, one with gadobenate dimeglumine and the other with
gadodiamide. The agents were administered in randomized order separated by 3–14 days. Imaging
sequences and postinjection acquisition timing were identical for the 2 examinations. Three blinded
readers evaluated images qualitatively for diagnostic information (lesion extent, delineation, morphol-
ogy, enhancement, and global preference) and quantitatively for contrast-to-noise ratio (CNR).

RESULTS: One hundred thirteen of 138 enrolled patients successfully underwent both examinations.
Final diagnoses were intra-axial tumor, metastasis, extra-axial tumor, or other (47, 27, 18, and 21
subjects, respectively). Readers 1, 2, and 3 demonstrated global preference for gadobenate dimeglu-
mine in 63 (55.8%), 77 (68.1%), and 73 (64.6%) patients, respectively, compared with 3, 2, and 3
patients for gadodiamide (P � .0001, all readers). Highly significant (P � .0001, all readers) preference
for gadobenate dimeglumine was demonstrated for all qualitative end points and for CNR (increases
of 23.3%–34.7% and 42.4%–48.9% [spin-echo and gradient-refocused echo sequences, respectively]
for gadobenate dimeglumine compared with gadodiamide). Inter-reader agreement was good for all
evaluations (� � 0.47–0.69). Significant preference for gadobenate dimeglumine was demonstrated
for all lesion subgroup analyses.

CONCLUSION: Significantly greater diagnostic information and lesion enhancement are achieved on
brain MR imaging with 0.1-mmol/kg gadobenate dimeglumine compared with gadodiamide at an
equivalent dose.

Effective management of patients with tumors of the central
nervous system (CNS) depends on accurate detection and

characterization of enhancing lesions. Enhancement of tu-
mors on gadolinium-enhanced MR imaging is a key imaging
feature used in guiding surgical resection, delineating appro-
priate radiosurgical target volumes, and following patients for
disease recurrence.1,2

Five gadolinium-based contrast agents are currently ap-
proved by the US Food and Drug Administration for MR im-

aging of the CNS. Although these agents have different molec-
ular structures and physicochemical properties, they share the
ability to transiently accumulate in areas with an abnormal
blood-brain barrier, leading to faster T1 relaxation times and
demonstrable contrast enhancement. Of these agents, gado-
benate dimeglumine (Gd-BOPTA, MultiHance; Bracco, Mi-
lan, Italy) exhibits the highest R1 and R2 relaxivity in vivo.3,4

The increased relaxivity derives from weak and transient in-
teractions of the Gd-BOPTA contrast-effective molecule with
serum albumin5,6 and leads to increased signal-intensity (SI)
enhancement relative to that obtained with other agents at an
equivalent dose. Recent comparative studies in patients with
brain or spinal tumors7-12 have shown that this increased SI
enhancement translates into significantly greater diagnostic
performance compared with gadopentetate dimeglumine
(Gd-DTPA, Magnevist; Bayer Healthcare, Leverskusen, Ger-
many)7-9 and an agent approved solely in Europe (gadoterate
meglumine, Gd-DOTA; Dotarem; Guerbet, Aulnay-sous-
Bois, France).10

On the basis of R1 relaxivity values alone,3,4 one might
expect similar diagnostic superiority for gadobenate dimeglu-
mine over gadodiamide (Gd-DTPA-BMA, Omniscan; GE
Healthcare, Waukesha, Wis) when these agents are compared
at equivalent doses, particularly given the similar diagnostic
performance of gadodiamide and gadopentetate dimeglumine
in patients with CNS disease.13,14 However, whereas early in-
terindividual parallel-group studies to compare gadobenate

Received March 12, 2008; accepted after revision April 25.

From the Department of Radiology (H.A.R.), University of Wisconsin, Madison, Wis; Servizio
di Neuroradiologia (G.S.), Ospedale Niguarda Ca’ Granda, Milano, Italy; Beijing Tian Tan
Hospital: No. 6 (P.-y.G.), Beijing, China; Department of Radiology (J.A.M.), Wake Forest
University School of Medicine, Winston-Salem, NC; Sunbelt Research Group, LLC (D.H.),
Mobile, Ala; Department of Radiology (M.J.K.), Southern Illinois University School of
Medicine, Springfield, Ill: Mallinckrodt Institute of Radiology (F.J.W.II), Washington Uni-
versity, St. Louis, Mo; Servizio di Risonanza Magnetica (M.G.), Ospedale Nuovo S.
Salvatore, L’Aquila AQ, Italy; Department. of Radiology (B.C.B.), University of Miami School
of Medicine, Miami, Fla; Neuroradiology Research (I.M.S.), University of Florida, Gaines-
ville, Fla; Department. of Neuroradiology (J.R.), Hospital de la Santa Cruz y San Pablo,
Barcelona, Spain; Fondazione Istituto Neurologico Casimiro Mondino (S.B.), Pavia, Italy; and
Department of Bioimaging and Radiological Sciences (C.C.), University Hospital “A. Ge-
melli”, Rome, Italy.

This work was supported by Bracco Diagnostics (Princeton, NJ) through a multicenter
clinical trial grant.

Please address correspondence to Howard A. Rowley, MD, University of Wisconsin,
Department of Radiology, 600 Highland Ave, Box 3252, Madison, WI 53792-3252; e-mail:
hrowley@uwhealth.org

DOI 10.3174/ajnr.A1185

1684 Rowley � AJNR 29 � Oct 2008 � www.ajnr.org



dimeglumine and gadodiamide revealed equivalence for a
double (0.2 mmol/kg of body weight [BW]) dose (or a 1.5-fold
dose) of gadobenate dimeglumine compared with a triple (0.3
mmol/kg BW) dose of gadodiamide, little if any differences
were noted between single (0.1 mmol/kg BW) doses of these
agents.15,16 The aim of this study (MR EvaluatioN of Multi-
Hance And OmniscaN for Contrast Enhancement [the MR-
ENHANCE study]) was, therefore, to compare more accu-
rately these 2 agents by using a controlled multicenter double-
blind randomized intraindividual crossover study design in
which each patient received 0.1-mmol/kg doses of both these
agents in 2 identical MR imaging examinations.

Materials and Methods
The study was Health Insurance Portability and Accountability Act–

compliant and was conducted according to Good Clinical Practice

standards. All patients signed an approved informed-consent form

before enrollment. The lead author (H.A.R.) had complete access to

the results of the study, and all authors had control of the data and

statistical results included in this article.

Patients
A total of 138 patients (79 men, 59 women) referred for contrast-

enhanced MR imaging for known or suggested brain tumors were

screened and enrolled in a consecutive manner at each of 16 partici-

pating centers between May 2006 and February 2007. Patients were

ineligible for enrollment if they had received any investigational drug

within 30 days before administration of either study agent. Subjects

were also excluded if they were to receive any treatment that could

change the visualization of CNS lesions before or between the 2 ex-

aminations (eg, whole-brain fractionated radiation therapy, investi-

gational drugs, steroids, or chemotherapy). Patients were also ineligi-

ble if they were pregnant or nursing or had impaired renal function,

congestive heart failure, claustrophobia, gadolinium allergy, a cardiac

pacemaker, or other contraindications to MR imaging.

Two patients withdrew from the study after signing the informed

consent form but before administration of either contrast agent. The

remaining 136 eligible patients (78 men, 58 women; mean age, 54.1 �

14.1 years; age range, 18 – 80 years) were prospectively randomized to

2 study groups (groups A and B) to receive contrast agent according to

1 of 2 administration orders. Group A (n � 67) received gadobenate

dimeglumine for the first examination and gadodiamide for the sec-

ond examination and group B (n � 69) received the agents in the

opposite order.

MR Imaging
MR imaging was performed on 1.5 T systems from several vendors

(Siemens, Erlangen, Germany; GE Healthcare; Philips Medical Sys-

tems, Best, The Netherlands; and Toshiba Medical Systems, Zoeter-

meer, the Netherlands) by using a standard head coil. A controlled

imaging protocol comprising T1-weighted spin-echo (T1SE) and T2-

weighted fast SE acquisitions before contrast injection and T1SE and

T1-weighted gradient-recalled echo (T1GRE) acquisitions after injec-

tion ensured protocol uniformity across sites and within individual

patients. The parameters for the imaging sequences varied between

investigational centers because of the different imaging systems in use

at these centers. However, the same MR imaging scanner, imaging

planes, section prescriptions, and sequence parameters were used for

both examinations in each patient. The range of parameters for the

T1SE sequence was as follows: TR, 350 – 635 ms; TE, 9 –20 ms; NEX,

1–3; section thickness, 3–5 mm; intersection gap, 0 –1.5 mm; FOV,

20 –35 cm; acquisition matrix, 168 –320 � 144 –512. The parameters

for the T1GRE sequence ranged as follows: TR, 6 –2150 ms; TE,

1.6 –17 ms; flip angle, 8°-90°; NEX, 1– 4; section thickness, 3–5 mm;

intersection gap, 0 –1.5 mm; FOV, 21–38 cm; matrix, 169 –512 �

128 –1024.

Contrast agent administration was performed intravenously in an

identical manner in both examinations by using either a manual bolus

injection (n � 113) or a power injector (n � 23) at 2 mL/s at an

identical 0.1-mmol/kg BW dose and volume (0.2 mL/kg BW of a

0.5-mol/L formulation). Each contrast agent was administered in a

blinded fashion in the order determined by a randomization list. Ac-

quisition of the postcontrast T1-weighted images began at a fixed

time point, which was mandated to occur between 3 and 10 minutes

after injection but could vary within this range, depending on the

site-specific protocol. However, the postcontrast scannings were con-

trolled to be identical in terms of timing and sequence order for both

examinations in each patient. The interval between the 2 MR imaging

examinations was �48 hours in all patients to avoid any carryover

effect, but �14 days to minimize the chance of measurable disease

progression or lesion evolution.

Image Evaluation
All images were evaluated by 3 independent experienced neuroradi-

ologists (J.R., S.B., C.C.), who were unaffiliated with the study centers

and blinded to the contrast agent used, all patient clinical and radio-

logic information, and all interpretations by on-site investigators.

Each reader evaluated the patient images separately and

independently.

All images from each patient were evaluated in global matched-

pairs fashion. Images were presented for review on a multimonitor

imaging workstation. For each randomized patient number, all im-

ages from the first examination (examination 1) were displayed si-

multaneously with the corresponding images from the second exam-

ination (examination 2). Each reader was able to perform all routine

interactive image-manipulation functions (eg, window/level, zoom,

pan) on both image sets. If the postinjection images from either ex-

amination were considered technically inadequate by any of the 3

readers (eg, if artifacts compromised interpretability), no further as-

sessment was performed for that patient by that reader. Once the

readers’ assessments were recorded and signed off on an electronic

case report form (e-CRF), the data base for that reading was automat-

ically locked.

Qualitative Assessment of Diagnostic Information
Technically adequate images were evaluated qualitatively for diagnos-

tic information and scored in terms of the following: 1) lesion border

delineation, 2) disease extent, 3) visualization of lesion internal mor-

phology, and 4) lesion contrast enhancement compared with sur-

rounding normal tissue. All assessments were performed by using

3-point scales from �1 (examination 1 superior) through 0 (both

examinations equal) to �1 (examination 2 superior). For the various

end points, superiority was recorded for 1 of the examinations if it

allowed better separation of 1 or more lesions from surrounding tis-

sue, structures, or edema; better definition of lesion extent; clearer

depiction of intralesion features; better difference in SI between le-

sions and surrounding normal tissue; or depiction of 1 or more le-

sions only after that examination.

The readers also expressed whether they had an overall diagnostic

preference for 1 examination versus the other. For cases in which a
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reader had an overall diagnostic preference for 1 examination over the

other, the reader then selected 1 or more of the following 6 reasons for

this preference: superior contrast enhancement, better delineation of

normal structure, better delineation of at least 1 lesion, better visual-

ization of lesion internal structure, more lesions identified, or greater

diagnostic confidence. If diagnostic confidence was selected as a rea-

son for global preference, we required 1 or more of the following

specifications: detection of lesions, characterization of disease, pre-

sumptive grading of disease (ie, high- or low-grade in the case of

gliomas), definition of disease extent, or other reasons (to be specified

on the e-CRF).

Quantitative Assessment
Quantitative evaluation of �3 enhancing lesions per patient was per-

formed by each reader independently by using a simultaneous

matched-pairs approach. Measurements of SI were made at regions of

interest positioned on areas of normal brain parenchyma and on �3

lesions identified on postcontrast images from both examinations.

Additional SI measurements were made at regions of interest placed

in selected areas external to the brain to determine the background

noise. To ensure that regions of interest of equal size were positioned

at identical coordinates on all corresponding image sets, we ensured

that each region of interest placed on the selected postinjection image

from 1 examination appear simultaneously on the corresponding im-

age from the other examination, always taking care to avoid inclusion

of vessels. If multiple lesions were present in a given patient, regions of

interest were placed on �3 of the largest most conspicuous lesions. All

SI measurements were made by using Analyze software, Version 4.0

(Mayo Foundation, Rochester, Minn) and were subsequently used to

calculate the contrast-to-noise ratio (CNR) for both T1SE and

T1GRE acquisitions. CNR was calculated as described previously.12

Safety Assessments
Monitoring for adverse events for all patients (n � 136) was per-

formed from the moment the patient signed the informed consent

form until 24 hours after administration of the first study agent and

then again from the moment the second study agent was administered

until 24 hours after administration of the second agent. Adverse

events were classified by the principal investigator at each center as

either serious (ie, death, life-threatening, requiring or prolonging

hospitalization) or not serious, and any perceived relationship to the

agent was recorded.

Statistical Analysis
Power determination was based on the primary efficacy assumption

that a 0.1-mmol/kg BW dose of gadobenate dimeglumine is superior

to an equivalent dose of gadodiamide according to reader preference.

On the basis of the results of a recent study8 and assuming a patient

drop-out rate of 20%, we needed enrollment of approximately 136

subjects to demonstrate superiority with 90% of power (nQuery Ad-

visor, Version 5.0; Statistical Solutions, Cork, Ireland).

Analysis of blinded reader evaluations was performed by using the

statistical software package SAS, Version 8.2 (SAS Institute, Cary,

NC). The distribution of reader preferences in diagnostic-informa-

tion end points was tested statistically by using the Wilcoxon signed

rank test. Separate analyses were performed for all evaluable patients

together (n � 113) as well as for the largest subsets of patients (ie,

patients with gliomas [n � 47], brain metastases [n � 27], and extra-

axial lesions [n � 18]). Inter-reader agreement for diagnostic findings

was presented as percentage agreement for the 3 readers and assessed

by using generalized � statistics.

Differences between gadobenate dimeglumine and gadodiamide

in terms of quantitative study-agent effect were analyzed by using a

mixed-effect model. The change from predose was the response vari-

able, and factors included in the model were patient, period, se-

quence, study agent, and predose score, for which a patient nested

within the sequence was the random effect. All statistical tests were

conducted at a significance level of P � .05.

Results

Patients
Of the 136 patients randomized and evaluated for safety, 21
(15.4%) prematurely terminated the study after the first con-
trast agent administration (11 after gadobenate dimeglu-
mines, 10 after gadodiamide) and were excluded from subse-
quent efficacy evaluations. The reasons for discontinuation
were withdrawal of consent (n � 12; 5 after gadobenate dime-
glumine, 7 after gadodiamide), initiation of therapy (surgery
or radiation therapy, n � 5), deterioration of patient’s condi-
tion resulting in hospitalization (n � 2), bronchitis that pre-
vented the patient from returning for the second examination
(n � 1), and an unrelated adverse event (pulmonary embo-
lism, n � 1). Two further patients were excluded from evalu-
ation due to technical failure (image retrieval) of the postcon-
trast acquisitions of 1 of their examinations. A total of 113
patients were, therefore, evaluated for diagnostic efficacy by
the 3 off-site blinded readers.

The evaluable population comprised 65 men and 48
women, ranging in age from 18 to 80 years (median, 54.4
years). Half were randomized to receive gadobenate dimeglu-
mine on the first examination (n � 56) and the other half (n �
57) received gadodiamide first. No differences in demographic
features were apparent between the groups. The diagnoses of
these 113 patients were primary glial tumor in 47 (42%) pa-
tients (glioma [n � 16], glioblastoma multiforme [n � 16],
oligodendroglioma [n � 10], astrocytoma [n � 5]); secondary
metastases in 27 (24%) patients (from primary lung cancer
[n � 11], breast cancer [n � 5], colon cancer [n � 2], salivary
gland cancer [n � 1], sarcoma [n � 1], unknown cancer [n �
7]); extra-axial lesions in 18 (16%) patients (meningioma
[n � 14], acoustic neuroma/schwannoma [n � 4]); and other
or unspecified diagnosis in 17 (15%) patients (cavernous an-
gioma/hemangioma [n � 3], postoperative scar/fibrosis [n �
3], pineocytoma/neurocytoma [n � 3], lymphoma/demyelin-
ization [n � 1], multiple sclerosis [n � 1], arachnoid cyst [n �
1], unspecified/unknown mass lesion [n � 5]). In the remain-
ing 4/113 (3%) patients, no lesions were detected on either
examination.

Qualitative Image Assessment
All of the image sets from each of the 113 evaluable patients
were technically adequate for assessment. The findings of the 3
blinded readers for global diagnostic preference and each of
the individual diagnostic information end points are shown in
Fig 1. Readers 1, 2, and 3 demonstrated global diagnostic pref-
erence for gadobenate dimeglumine in 63 (55.8%), 77
(68.1%), and 73 (64.6%) patients, respectively, compared
with 3 (2.7%), 2 (1.8%), and 3 (2.7%) patients, respectively,
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for gadodiamide (P � .0001, all readers). Similar highly sig-
nificant preference was demonstrated for each individual di-
agnostic information end point (P � .0001, all evaluations).

Subset analyses of patients with primary glial tumors (Figs
2 and 3), metastases (Fig 4), and extra-axial lesions revealed
similar highly significant preferences for gadobenate dimeglu-
mine for all diagnostic information end points in the case of
glial tumors and metastases and for global diagnostic prefer-
ence and lesion contrast enhancement in the case of extra-
axial lesions (Table 1). When a contrast agent preference was
expressed in patients with extra-axial lesions, this preference
always favored gadobenate dimeglumine; however, due to the
small number of patients in this group, reader preferences for
gadobenate dimeglumine over gadodiamide rarely achieved
statistical significance. Although subgroup analyses were not
performed of nontumoral lesions, readers 1, 2, and 3 each
preferred gadobenate dimeglumine whenever a preference
was expressed.

Further evaluation of patients for whom a preference for
one or the other agent was expressed revealed that in most
cases, this was due to a combination of superior contrast en-
hancement and better delineation of lesions and/or lesion in-
ternal structures (Table 2). When greater diagnostic confi-
dence for 1 agent was expressed, the reason was almost
exclusively superior definition of disease extent. Although the
focus of the study was on comparing the agents for diagnostic
information and quantitative lesion enhancement rather than
lesion detection, differences in lesion number were neverthe-
less noted for 5 of 27 patients with metastases by 1 or more
readers. In 3 of these 5 patients, the patient had �12 lesions on
both examinations, and thus the detection of additional le-
sions with gadobenate dimeglumine in 2 patients (in 1 patient
by all 3 readers and in 1 patient by 1 reader only) and gadodia-
mide in the other patient (by all 3 readers) was of little clinical
relevance. The other 2 cases comprised a patient for whom 2
readers detected 2 lesions with gadodiamide but 3 lesions with
gadobenate dimeglumine and a patient for whom 1 reader
detected 3 lesions with gadodiamide but 4 lesions with gado-
benate dimeglumine.

Analysis of 3-reader agreement revealed generalized
weighted � values ranging from � � 0.48 for global diagnostic
preference and lesion-border delineation to � � 0.66 for def-

inition of disease extent when all 113 patients were considered
together. All 3 blinded readers agreed completely in their as-
sessments for 61%– 81% of the patients, depending on the
diagnostic information end point under consideration. Three-
reader agreement for the evaluated patient subsets revealed
similarly high levels of agreement for glial tumors (� � 0.43–
0.57) and metastases (� � 0.56 – 0.63). Lower levels of agree-
ment (� � �0.14 – 0.47) were noted in the case of the 18 extra-
axial lesions, reflecting the comparatively small number and
widely heterogeneous character of the lesions in this subset.

Quantitative Evaluation
Readers 1, 2, and 3 recorded lesion SI measurements relative to
normal brain parenchyma and background noise for 80, 85,
and 82 lesions, respectively, on T1SE images and for 73, 80,
and 74 lesions, respectively, on T1GRE images. Subsequent
determinations of CNR for both sequences revealed highly
significant (P � .0001, all readers) increases in quantitative
enhancement with gadobenate dimeglumine relative to ga-
dodiamide when all lesions were considered together (Table
3). Although the magnitude of SI enhancement was in all cases
lower on GRE acquisitions compared with SE acquisitions, the
corresponding increase in CNR for gadobenate dimeglumine
relative to gadodiamide was greater (23.3%–34.7% for T1SE
sequences, 42.4%– 48.9% for T1GRE sequences).

Subset analyses of quantitative enhancement were per-
formed for 25, 35, and 30 glial tumors; 29, 26, and 26 metas-
tases; and 17, 16, and 17 extra-axial lesions (readers 1, 2, and 3,
respectively) on T1SE images; and for 22, 32, and 26 glial tu-
mors; 27, 25, and 23 metastases; and 16, 15, and 16 extra-axial
lesions, respectively, on T1GRE images. Highly significant in-
creases in CNR with gadobenate dimeglumine relative to ga-
dodiamide were noted by each reader for each lesion type (Ta-
ble 3). Again, the magnitude of CNR increases with
gadobenate dimeglumine was greater for SI measurements
made on T1GRE acquisitions, though the absolute CNR val-
ues were higher on T1SE acquisitions.

Safety
Of the 136 patients who received at least 1 contrast agent, 126
received gadobenate dimeglumine and 125 received gadodia-
mide. No clinically meaningful differences were noted in
terms of the incidence of adverse events: 4/126 (3.2%) patients
reported 1 or more nonserious adverse events after gado-
benate dimeglumine compared with 1/125 (0.8%) patients af-
ter gadodiamide. All contrast-related adverse events reported
by these patients were mild and self-resolving and comprised
minor gastrointestinal symptoms, headache, confusion after
gadobenate dimeglumine, and oral hypoesthesia after
gadodiamide.

Discussion
This blinded intraindividual crossover comparison demon-
strates that gadobenate dimeglumine provides significantly
better qualitative and quantitative enhancement of brain le-
sions compared with gadodiamide when both agents are ad-
ministered at an equivalent dose of 0.1 mmol/kg. All 3 blinded
readers reported highly significant (P � .0001) preference for
gadobenate dimeglumine for clinically relevant determina-
tions of lesion border delineation, definition of disease extent,

Fig 1. Reader preference for gadobenate dimeglumine or gadodiamide based on blinded
qualitative evaluation. Each reader expresses a highly significant (P � .0001) preference for
gadobenate dimeglumine for each parameter. Note that the number of patients for whom
equality is expressed is not shown.
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visualization of lesion internal morphology, and lesion con-
trast enhancement. They also preferred gadobenate dimeglu-
mine globally in more than half (63 [55.8%], 77 [68.1%], and
73 [64.6%] patients; readers 1, 2, and 3, respectively) of the
patients evaluated. Concerning quantitative enhancement,
the increases in CNR with gadobenate dimeglumine com-
pared with gadodiamide on T1SE images were generally be-
tween 20% and 35%, which correspond to the magnitude of
increase typically observed with a double dose of gadolinium
contrast agent compared with a single dose.17,18

Our results are similar to those of a recent intraindividual

crossover comparison of 0.1-mmol/kg BW gadobenate dime-
glumine with an identical dose of gadopentetate dimeglu-
mine8 and may be attributed to the roughly twofold higher R1
relaxivity of gadobenate dimeglumine in blood.3-6 This two-
fold higher R1 relaxivity, which is independent of the field
strength of the MR magnet,3 is due to weak and transient in-
teractions of the Gd-BOPTA molecule with serum albumin,5,6

which slow the tumbling rate of the Gd-BOPTA complex in
blood. On standard 1.5T imaging systems used in this study,
R1 relaxivity values of 6.3–7.9 L � mmol�1 � second–1 have
been determined for gadobenate dimeglumine in plasma

Fig 2. Glioblastoma with recurrent disease. This 55-year-old
woman shows more conspicuous enhancement (arrows) in
the right posterior temporal lobe with gadobenate dimeglu-
mine than gadodiamide for both SE and GRE sequences.
Although there are differences in angulation, changes were
confirmed by review of all adjacent sections.

Fig 3. A 32-year-old woman with primary cerebellar glioma,
which had previously been resected. A solid nodule of en-
hancement (arrow) is seen convincingly on the gadobenate
dimeglumine– enhanced image. The clear visualization of
contrast enhancement was important in postoperative deci-
sion making.
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(37°C) compared with values of 3.9 – 4.1 L �
mmol�1 � second–1 for gadopentetate dimeglumine3,4 and 4.3
L � mmol�1 � second–1 for gadodiamide.4 Numerous studies
have shown that the greater R1 relaxivity of gadobenate dime-
glumine translates into improved SI enhancement for a variety
of MR imaging applications.19-22

Compared with the results of previous parallel-group (in-
terindividual) comparisons,15,16 which concluded that gado-
benate dimeglumine and gadodiamide provide similar diag-
nostic information when administered at an equivalent dose
of 0.1 mmol/kg, the results of this study highlight the value of
an intraindividual approach in demonstrating significant dif-
ferences in diagnostically relevant contrast-enhancement
characteristics.

These results have clinically important implications, par-

ticularly for the evaluation and follow-up of gliomas and me-
tastases. In the case of glial tumors, it is well-established that
macroscopically complete surgical removal is associated with
improved prognosis and longer patient survival.1,23 Because
glial tumors often extend beyond the contrast-enhancing and
T2 signal intensity margins,24 frequently only partial tumor
resection is achieved at surgery, resulting in residual tumor on
follow-up imaging. For these lesions, the superiority of gado-
benate dimeglumine may lie in better defining the extent and
internal morphology of lesions,7-10 thereby potentially im-
proving patient management and surgical planning. In addi-
tion, improved detection of residual tumor on early postoper-
ative MR imaging may also improve patient prognosis.23,25

Whereas defining the surgical target volume is important
for glial tumors, for patients with intracranial metastases, the

Fig 4. A 46-year-old man with a primary anaplastic carci-
noma of the small bowel who developed sensory changes in
the left upper extremity. The solitary metastasis (arrow) in
the right superior frontal gyrus is only visualized on the
gadobenate dimeglumine– enhanced image.

Table 1: Qualitative assessments of patients with glial tumors, metastases, and extra-axial lesions

Diagnostic Information End
Point Reader

Glial Tumors (n � 47) Metastases (n � 27) Extra-Axial Lesions (n � 18)

Gadobenate
Dimeglumine

Preferred
(%)

Gadodiamide
Preferred

(%) P

Gadobenate
Dimeglumine

Preferred
(%)

Gadodiamide
Preferred

(%) P

Gadobenate
Dimeglumine

Preferred
(%)

Gadodiamide
Preferred P

Global diagnostic preference 1 22 (46.8%) 1 (2.1) �.0001 20 (74.1) 2 (7.4) �.0001 14 (77.8) 0 .0001
2 35 (74.5) 1 (2.1) �.0001 18 (66.7) 1 (3.7) �.0001 13 (72.2) 0 .0002
3 25 (53.2) 1 (2.1) �.0001 19 (70.4) 2 (7.4) �.0001 16 (88.9) 0 �.0001

Lesion border delineation 1 15 (31.9) 1 (2.1) .0005 18 (66.7) 1 (3.7) �.0001 1 (5.6) 0 1.00
2 18 (38.3) 1 (2.1) �.0001 17 (63.0) 0 �.0001 3 (16.7) 0 .25
3 16 (34.0) 1 (2.1) .0003 17 (63.0) 2 (7.4) .0007 7 (38.9) 0 .0156

Definition of disease extent 1 8 (17.0) 0 .0078 13 (48.1) 1 (3.7) .0018 1 (5.6) 0 1.00
2 7 (14.9) 0 .0156 13 (48.1) 1 (3.7) .0018 2 (11.1) 0 .50
3 7 (14.9) 0 .0156 16 (59.3) 1 (3.7) .0003 1 (5.6) 0 1.00

Visualization of lesion internal
morphology

1 10 (21.3) 0 .002 13 (48.1) 1 (3.7) .0018 2 (11.1) 0 .50
2 14 (29.8) 0 .0001 13 (48.1) 0 .0002 3 (16.7) 0 .25
3 8 (17.0) 0 .0078 14 (51.9) 2 (7.4) .0042 4 (22.2%) 0 .125

Lesion contrast enhancement 1 23 (48.9) 1 (2.1) �.0001 20 (74.1) 2 (7.4) �.0001 15 (83.3) 0 .0001
2 35 (74.5) 2 (4.3) �.0001 17 (63.0) 1 (3.7) 0.0001 14 (77.8) 0 .0001
3 2 (55.3) 1 (2.1) �.0001 20 (74.1) 2 (7.4) �.0001 16 (88.9) 0 �.0001
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need is to accurately define the precise number, size, and lo-
cation of lesions to select the most appropriate treatment op-
tion.26,27 A possible advantage of gadobenate dimeglumine in
this setting is the detection of additional lesions or the im-
proved depiction of small or poorly enhancing lesions that
might otherwise go undetected with a standard dose of ga-
dodiamide or another conventional gadolinium agent. In this
study, 2 of 27 patients with brain metastases who had 2 or 3
lesions detected after gadodiamide, each had an additional
lesion detected after gadobenate dimeglumine. In these pa-
tients, the additional lesions detected with gadobenate dime-
glumine might have altered the approach to patient manage-
ment from one involving aggressive surgery to one based on
radiation therapy.

In the case of extra-axial lesions (meningiomas and schwan-
nomas), the greater SI enhancement achievable with gado-
benate dimeglumine improves lesion conspicuity and visibil-
ity but may have only minimal impact on patient-
management decisions.

Another setting in which the increased R1 relaxivity of ga-
dobenate dimeglumine may be of benefit is in intraoperative
imaging for the real-time assessment of surgical resection. Al-
though 1.5T systems are increasingly available for intraopera-
tive applications,28 many interventional systems operate at

lower (0.2– 0.5T) field strengths.29 These systems have com-
paratively low SI-to-noise ratio (SNR) and may benefit from
the increased SI provided by gadobenate dimeglumine.

Our findings have potentially important clinical implica-
tions for interpretation of serial brain tumor MR examina-
tions when these are done with different gadolinium agents.
Because gadobenate dimeglumine often shows visibly greater
enhancement and lesion definition, interpretation of progres-
sion or regression of tumor compared with earlier or later
scans with gadodiamide would need to take this factor into
account. Our results suggest that it may be preferable to use
gadobenate dimeglumine consistently to provide the greatest
diagnostic information and avoid the pitfall of cross-agent
variability.

We found no difference in acute adverse events reported
for the 2 agents in this series. However, an additional potential
advantage of gadobenate dimeglumine, not studied here, is its
apparently favorable risk profile regarding nephrogenic sys-
temic fibrosis (NSF), compared with other gadolinium con-
trast agents. Reports on NSF have not always identified the
contrast agent used, but when a specific agent was identified,
the most common agent was gadodiamide, followed by gado-
pentetate dimeglumine and gadoversetamide.30 The im-
proved enhancement documented here with gadobenate

Table 2: Reasons for global diagnostic preference as expressed by expert blinded neuroradiologists

Specifications of Global
Diagnostic Preference

Preference Expressed
Reader 1 (n � 66) Reader 2 (n � 79) Reader 3 (n � 76)

Gadobenate
Dimeglumine
(n � 63) (%)

Gadodiamide
(n � 3) (%)

Gadobenate
Dimeglumine
(n � 77) (%)

Gadodiamide
(n � 2) (%)

Gadobenate
Dimeglumine
(n � 73) (%)

Gadodiamide
(n � 3) (%)

Superior contrast enhancement 63 (95.5) 2 (3.0) 74 (93.7) 2 (2.5) 73 (96.1) 3 (3.9)
Better delineation of normal

structures
0 0 7 (8.9) 0 3 (3.9) 0

Better delineation of at least 1
lesion

33 (50.0) 1 (1.5) 39 (49.4) 0 44 (57.9) 3 (3.9)

Better visualization of lesion internal
structure

10 (15.2) 0 30 (38.0) 0 19 (25.0) 0

Detection of more lesions 3 (4.8) 1 (1.5) 3 (3.8) 1 (1.3) 2 (2.6) 1 (1.3)
Greater diagnostic confidence 10 (15.2) 0 10 (12.7) 1 (1.3) 10 (13.2%) 0

Table 3: Comparison of CNR values on T1SE and T1GRE sequences after administration of gadobenate dimeglumine and gadodiamide for all
evaluated lesions and for lesion subsets

Lesion Type Reader

Postdose SE
Sequences

Postdose GRE
Sequences

Mean CNR
Values

% Increase in
CNR with

Gadobenate
Dimeglumine (P)

Mean CNR
Values

% Increase in
CNR with

Gadobenate
Dimeglumine (P)

Gadobenate
Dimeglumine Gadodiamide

Gadobenate
Dimeglumine Gadodiamide

All lesions 1 61.07 46.65 30.9 �.0001 32.26 22.65 42.4 �.0001
2 46.46 37.67 23.3 �.0001 23.59 16.19 45.7 �.0001
3 54.71 40.62 34.7 �.0001 26.56 17.84 48.9 �.0001

Glial tumors 1 47.08 35.28 33.5 .0002 30.57 21.67 41.1 .0068
2 39.95 32.97 21.2 .0125 22.80 15.81 44.2 .0002
3 43.84 36.82 19.1 .0993 25.08 20.01 25.3 .0466

Metastases 1 60.97 46.52 31.1 .0162 27.41 20.63 32.9 .0261
2 46.23 37.32 23.9 .0119 24.14 16.02 50.7 �.0001
3 51.27 37.63 36.2 .0098 24.81 15.46 60.5 .0004

Extra-axial lesions 1 80.57 67.17 19.9 .0046 41.44 28.83 43.7 .0021
2 62.61 49.21 27.2 .0388 27.30 20.19 35.2 .0031
3 77.12 54.18 42.3 �.0001 33.97 21.10 61.0 �.0001

Note:—SE indicates spin-echo; GRE, gradient recalled-echo; CNR, contrast-to-noise ratio.
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dimeglumine may facilitate the use of lower doses in patients
at risk for NSF. Because the risk of NSF appears to be related to
cumulative gadolinium dose and may vary by contrast agent,
the possibility of using gadobenate dimeglumine at a lower
dose may be of interest to investigating radiologists.30-32

A potential limitation of the study and a bias against gado-
benate dimeglumine are that standard imaging sequences de-
veloped for use with conventional gadolinium agents were
used rather than sequences optimized for use with higher re-
laxivity contrast agents. It is possible that sequences tailored
for use with gadobenate dimeglumine would improve diag-
nostic performance still further. In this regard, a slightly in-
creased flip angle and/or a slightly shortened TR when using
gadobenate dimeglumine leads to increased SNR and CNR
and thus improved lesion conspicuity.32,33 Further work is
warranted to compare gadobenate dimeglumine with ga-
dodiamide and other conventional agents by using individu-
ally optimized sequence parameters and to determine if this
advantage holds at a 3T field strength. Preliminary work in an
animal model suggests that this is the case.34

A second limitation of this study is that the clinical impact
of gadobenate dimeglumine on patient management and out-
come was not directly evaluated. Although the greater diag-
nostic information available with gadobenate dimeglumine
would be expected to benefit therapeutic procedures by better
defining resection margins and radiosurgical target volumes, a
dedicated study would be required to prove this point
conclusively.9

Conclusion
In conclusion, 3 blinded neuroradiologists in this study unan-
imously preferred gadobenate dimeglumine over gadodia-
mide for MR imaging of brain lesions when equivalent 0.1-
mmol/kg doses of these agents were compared under identical
imaging conditions. Significant (P � .0001) preference was
noted by each reader for both qualitative and quantitative le-
sion-enhancement end points.
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