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By Prof. Francesco Sardanelli

Breast mri with a high-relaxivity 
contrast agent
In recent years, the optimization of breast MRI protocols has focussed on improve-
ments in spatial resolution and on reaping the potential benefits of higher field 
strength. However, careful and appropriate selection of the MRI contrast agent can 
also significantly improve the diagnostic performance of breast MRI. This article sum-
marizes recent data on the diagnostic performance of a high-relaxivity contrast agent. 

The introduction of intravenously administered 
gadolinium-based contrast agents (GBCAs) 
has resulted in a dramatic increase in the clini-
cal applicability of breast MRI protocols inrecent 

years [1] using the tumor-related increase invascularity and 
permeability. Breast tumors show contrast enhancement and 
the increased interstitial space acts as a large distribution 
space for contrast agent [2, 3]. 

Extracellular GBCAs are chelates of gadolinium in organic 
ligands to prevent release of the toxic free gadolinium ion 
Gd3+. There are two structural categories of GBCAs: macro-
cyclic and linear. Because of their relatively low stability, the 
pharmaceutical formulation of some linear nonionic com-
plexes, such as gadodiamide (Omniscan, GE Healthcare) and 
gadoversetamide (OptiMARK, Mallinckrodt), include excess 
chelating molecule [4]. The recommended dose of GBCA is 
0.1 mmol/kg of body weight, and the recommended injection 
rate is 2–3 mL/s [5, 6]. All nonselective GBCAs are available 
at a concentration of 0.5 M except gadobutrol (Gadovist, 
Bayer Pharma), which is available at a concentration of 1.0 
M. Nonselective extracellular GBCAs, such as gadopentetate 
dimeglumine (Magnevist, Bayer Schering Pharma), gadoter-
ate dimeglumine (Dotarem, Guerbet), gadodiamide (Omnis-
can, GE Healthcare), gadoteridol (ProHance, Bracco), and 
gadobutrol (Gadovist, Bayer Schering Pharma) have phar-
macokinetics similar to those of iodinated contrast agents. In 
patients with normal renal function, 98% of these agents are 
excreted within 24 hours of injection [7]. 

hIGh-relaxIvITy CONTrasT MaTerIal FOr BreasT MrI
The MRI efficacy of GBCAs is determined not only by their 
pharmacokinetic properties but also by their magnetic prop-
erties, described by their R1- and R2-relaxivities. All non-
selective GBCAs have similar R1-relaxivity values and pro-
duce similar enhancement if administered at the same dose 
[9]. However gadobenate dimeglumine (MultiHance, Bracco) 
differs from standard GBCAs in that it interacts weakly and 

transiently with serum albumin [10-12]. This confers two 
unique properties. Firstly, hepatocytes take up  3–5% of the 
injected dose and subsequently excrete it through the hepa-
tobiliary pathway. This uptake is sufficient to allow  hepato-
biliary phase MRI to be performed [13]. Secondly, the weak 
interaction of gadobenate dimeglumine with albumin results 
in a slowing of the tumbling rate of the Gd complex, leading 
to a longer rotational correlation time with the inner shell 
water protons in adjacent tissues [14] and hence higher in vivo 
R1-relaxivity values (6.3-7.9 L • mmol–1 • s–1 at 1.5 T) [9, 10]. 
This higher relaxivity results in shorter T1-relaxation times 
and thus higher signal enhancement on T1-weighted MRI. 

A consequence of this is an improved delineation of 
malignant lesions, particularly when the concentration of 
albumin is increased as in pathologic tissue with abnormal 
vascular permeability [12]. It has been shown that endo-
thelial fenestration can become quite large in some tumors, 
allowing extravasation of relatively large proteins, such as 
serum albumin [15]. Until a few years ago, most breast MRI 
studies were performed with agents such as gadopentetate 
dimeglumine, gadodiamide, or gadoteridol. In 2003, the effi-
cacy and safety of gadobenate dimeglumine in breast MRI 
were clearly shown in a European multicenter dose-finding 
study [16]. A single dose of gadobenate was considered opti-
mal for contrast-enhanced breast MRI. [16]. 

An intra-individual study was conducted on 26 consecu-
tive women suspected of having breast cancer on the basis 
of mammography/sonography [18]. Each patient underwent 
two identical MRI examinations at 1.5 T, using either an 
injection of gadopentetate or gadobenate at an identical flow 
rate of 2 mL/s. It was found that gadobenate depicted signifi-
cantly more lesions than MRI with gadopentetate. Lesions 
were significantly more conspicuous with gadobenate than 
with gadopentetate [Figure 1].

Comparison of the contrast agents revealed significant 
superiority for gadobenate: sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and over-
all accuracy for malignant lesion identification. These results 
were confirmed in a study of a larger number of patients [19]. 
Overall, 96% of lesions were detected on breast MRI with 
gadobenate versus 79% with gadopentetate.  Specificity was 
also superior although not significantly so. 
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The resulting increased conspicuity not only improved the 
confidence for lesion characterization, but also the detection of 
small malignant foci with poor neoangiogenesis, thereby achieving 
higher sensitivity. This is of potential high value in screening e.g. 
of women with a high genetic-familial risk of breast cancer [20]. 

preOperaTIve MrI usING a hIGh-relaxIvITy CONTrasT aGeNT 
Several studies have shown that breast MRI is currently the most 
sensitive imaging technique for preoperative breast cancer staging 
[5, 21, 22] although the impact on patient outcome is still a matter 
of debate [22–24]. In fact, a recent randomized controlled trial 
failed to demonstrate a significant reduction of re-excision rate 
among women who underwent preoperative MRI [25] although 
these conclusions have been criticized [26]. 

Recently, a large series of women with breast lesions con-
sidered suspicious by conventional mammography/ultrasound  
imaging was studied by MRI with gadobenate dimeglumine [27]. 
Of 51 lesions missed on mammography/ultrasound but detected 
by MRI, 47 were histologically confirmed to be malignant and 4 
were confirmed to be benign. The sensitivity, accuracy, and PPV 
of mammography/ultrasound for the identification of malignant 
lesions were 77%, 72%, and 91%, respectively, whereas those for 
MRI were 100%, 93%, and 93%, respectively. Patient manage-
ment was altered for 20% of patients as a result of gadobenate 
dimeglumine-enhanced breast MRI. 

Another recent prospective study evaluated the accuracy of 
gadobenate dimeglumine– enhanced 1.5T MRI for the depiction 
of synchronous contralateral breast cancer. This study involved 
patients with newly diagnosed unilateral breast cancer and nega-
tive findings in the contralateral breast on physical examination, 
sonography, and conventional mammography [28]. Contrast-
enhanced breast MRI revealed contralateral lesions in 24% of 118 
patients. No false-negative lesions were detected, in a follow-up 
for 12–24 months. The sensitivity, specificity, accuracy, PPV, and 
NPV of contrast-enhanced MRI for the depiction of malignant 

or high-risk contralateral lesions were 100%, 94%, 95%, 79%, and 
100%, respectively. The rate of contralateral malignant lesions 
detected by MRI and not seen by mammography/ultrasound was 
higher than the rate of 3–5% reported in other studies [29–33]. 
This may be due to clinical bias, to patient selection with a higher 
probability of contralateral cancer, or to the higher sensitivity of 
gadobenate dimeglumine itself. 

hIGher ThreshOlds FOr INITIal eNhaNCeMeNT evaluaTION 
Quantitative evaluation of signal intensity–time curves revealed 
significantly greater lesion enhancement with gadobenate than 
those produced by gadopentetate at the same dose [18]. This  
higher contrast enhancement with gadobenate dimeglumine was 
confirmed in a larger number of patients [34, 35]. The initial 
enhancement for benign lesions was 141% ± 65%, whereas that for 
malignant lesions was 210% ± 80%. Adjusted thresholds were set at 
values of 180% and 240% for the initial increase of signal intensity 
[Figure 2]. Whereas sensitivity remained constant at 100% for both 
thresholds, specificity increased from 38% with standard thresh-
olds to 71% with adjusted thresholds (gain of 33%; p = 0.016). 
Likewise, PPV increased from 80% to 90% and accuracy from 82% 
to 92%. NPV remained unchanged at 100% for both thresholds. It 
was concluded that, because of its high R1-relaxivity, breast lesion 
characterization with gadobenate requires a higher initial enhance-
ment threshold than that used with conventional gadolinium  
chelates to improve specificity, predictive values, and accuracy. 

evaluaTING vasCularITy IN BreasT MrI 
The possibility of obtaining better specificity has been investigated 
not only by the modification of kinetic parameters but also by the 
evaluation of new features of breast MRI using gadobenate as a 
vascular contrast agent [36]. A total of 95 patients with known or 
suspected breast cancer were randomized to receive 0.05; 0.1 or  0.2 
mmol/kg gadobenate or 0.1 mmol/kg gadopentetate for standard 
dynamic breast analysis using 1.5-T MRI. Two blinded readers 
assigned a 0–3 score to vascular maps obtained by maximum 

FigUre 1. A 43-year-old woman with already known 12-mm invasive lobular carcinoma at conflu-
ence of upper quadrants of left breast. On preoperative MRI scan using 0.1 mmol/kg gadopentetate 
dimeglumine, lesion (arrow, A) is well visible as an oval lobulated mass (magnified in B); only a small 
focus is visible at upper external quadrant of contralateral breast. Using 0.1 mmol/kg gadobenate 
dimeglumine, the lesion in left breast (arrow, C; magnified in D) is well depicted as an irregular-shaped 
and spiculated mass. Two small mass lesions (arrowheads, C) are now clearly detected in outer 
quadrants of contralateral breast .

FigUre 2. 61-year-old woman with invasive ductal carcinoma at confluence of inner quadrants 
of right breast. A–C, Gadobenate dimeglumine–enhanced (0.1 mmol/kg) MR images show 
17-mm oval inhomogeneous enhancement with irregular margins (arrow). D, Graph shows initial 
enhancement of 228% and plateau dynamic curve (on x-axis, time reported as min:s; on y-axis, 
percentage increase in signal intensity). Fischer score using standard thresholds was 5 (equal 
to BIRADS 4), unchanged using adjusted thresholds.
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Breast imaging

intensity projection (MIP) reconstruction 
of subtracted images. On direct compari-
son, highly statistically significant differ-
ences were observed between 0.05 mmol/
kg gadobenate and 0.1 mmol/kg gado-
pentetate; between 0.1 mmol/kg gadoben-
ate and 0.1 mmol/kg gadopentetate and 
;between 0.2 mmol/kg gadobenate and 0.1 
mmol/kg gadopentetate. No significant dif-
ferences were seen between the gadobenate 
groups. It was concluded that gadobenate 
permitted the acquisition of high-quality 
MRI breast vascular maps at doses as low 
as 0.05 mmol/kg of body weight [36]. On 
the basis of the anecdotal observation of 
more numerous and conspicuous vessels 
in the breast with malignancy compared 
with the contralateral breast, the asym-
metric increase in breast vascularity was 
evaluated for prediction of ipsilateral can-
cer. To this end, the MIPs of women with 
known or suspected breast cancer studied 
with gadobenate at 0.05, 0.1, or 0.2 mmol/
kg were evaluated [36]. The MIP maps 
obtained from subtracted images were 
evaluated off-site by two blinded observers 
The symmetry or asymmetry of the vascu-
lar map was considered in relation to the 
diagnosis made after surgical excision or 
core biopsy. Of 69 patients, two had bilat-
eral cancer and symmetric vascular maps. 
The remaining 67 patients were diagnosed 
with invasive ductal carcinoma (n = 41), 
invasive lobular carcinoma (n = 4), invasive 
ductal-lobular carcinoma (n = 3), invasive 
tubular carcinoma (n = 2), and benign 
neoplasms (n = 17). The vascular maps 
for these 67 patients were asymmetric in 
47 cases and symmetric in 20 cases. An 
association between one-sided increased 

vascular maps and ipsilateral invasive 
cancer was found in 88% of cases (44/50 
patients with unilateral cancer) [Figure 3] 
whereas its absence was noted in 82% of 
cases (14/17 patients without malignancy). 
The overall accuracy was therefore 87% 
(58/67 patients). The PPV was 94% (44/47 
patients with asymmetric maps), the NPV 
was 70% (14/20 patients), and accuracy 
was 87% (58/67 patients). Although ipsi-
lateral vascular prevalence in association 
with cancer had previously been studied 
exclusively with gadopentetate [37, 38], 
greater overall accuracy was achieved using  
gadobenate as contrast agent. 

lOw-FIeld BreasT MrI 
Although higher field strength is preferred 
for breast imaging because of superior 
contrast-to-noise ratio and spatial reso-
lution, a recent study showed that it was 
possible to achieve sufficient diagnostic 
performance using gadobenate even with 
low-field open magnets This may prevent 
claustrophobic or oversized women from 
being excluded from breast MRI, espe-
cially if bilateral dedicated breast coils for 
low field strength become available.[40]

saFeTy OF GadOBeNaTe  
dIMeGluMINe FOr BreasT MrI
 No significant differences were seen 
between gadobenate dimeglumine and 
gadopentetate dimeglumine in the inci-
dence of common adverse events [16]. The 
issue of the association between nephro-
genic systemic fibrosis (NSF) and expo-
sure to GBCAs is relevant in the discussion 
of safety. NSF can develop after exposure 
to some GBCAs in patients who have 
acute and transient renal failure [41]. The 
screening of patients for renal insufficiency  
minimizes the risk of NSF. It should be 
noted that despite its increased use even 
in patients with renal insufficiency, there 
have  been no reports of NSF following 
administration of gadobenate dimeglu-
mine [43] Another strategy for reducing 
the risk of NSF may be GBCA dose reduc-
tion. Since gadobenate dimeglumine has 
been shown to produce greater contrast at 
lower concentrations [11], this opens the 
the possibility of performing breast MRI 
at half the usual dose (0.1 mmol/kg) in  
particular cases.  

The deTeCT sTudy 
More evidence for the use of high-relax-
ivity contrast material in breast MRI 
was provided by the DETECT study in 

which 0.1 mmol/kg doses of gadobenate 
dimeglumine or gadopentetate dimeglu-
mine were compared in a prospective, 
multicenter double-blind study involving 
151 women [44]. Images were evaluated 
independently by three blinded radiolo-
gists. Histopathologic confirmation was 
available for all malignant lesions, while 
benign lesions were confirmed either by 
using histopathologic examination or by at 
least 12-month diagnostic follow-up with 
mammography/ultrasonography. Readers 
reported significantly superior diagnostic 
performance for breast cancer detection 
with gadobenate dimeglumine. It was 
found that the gadobenate dimeglumine 
group had improved sensitivity; specific-
ity; accuracy; positive predictive value 
& negative predictive value. No safety  
concerns were noted with either agent. 
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FigUre 3. 65-year-old woman with invasive ductal carci-
noma of 30 mm at upper-outer quadrant of right breast. Axial 
maximum intensity projection of first subtracted MRI scan 
after administration of 0.1 mmol/kg gadobenate dimeglumine 
depicts lesion (arrow) well. Moreover, asymmetric increased 
vascularity ipsilateral to lesion can be appreciated, with some 
feeding vessels going into lesion.

Relaxivity matters…
also in Breast MRI

MULTIHANCE - SUMMARY OF PRODUCT CHARACTERISTICS MultiHance, 0.5 M solution for injection Composition 1 ml of solution for injection contains: gadobenic acid 334 mg (0.5 M) as the dimeglumine salt. [Gadobenate dimeglu-
mine 529 mg = gadobenic acid 334 mg + meglumine 195 mg]. Excipients Water for injections. Therapeutic indications and dosage This medicinal product is for diagnostic use only. MultiHance is a paramagnetic contrast agent for 
use in diagnostic magnetic resonance imaging (MRI) indicated for: MRI of the brain and spine for patients 2 years and older where it improves the detection of lesions and provides diagnostic information additional to that obtained with 
unenhanced MRI (0.2 mL/kg); Contrast-enhanced MR-angiography for adult patients where it improves the diagnostic accuracy for detecting clinically significant steno-occlusive vascular disease in patients with suspected or known 
vascular disease of the abdominal or peripheral arteries (0.2 mL/kg); MRI of the liver for the detection of focal liver lesions in adult patients with known or suspected primary liver cancer (e.g. hepatocellular carcinoma) or metastatic disease 
(0.1 mL/kg); MRI of the breast, for the detection of malignant lesions in patients where breast cancer is known or suspected on the basis of previous mammography or ultrasound results (0.2 mL/kg) Contra-indications MultiHance is 
contra-indicated in: patients with hypersensitivity to any of the ingredients; in patients with a history of allergic or adverse reactions to other gadolinium chelates. Special warnings and special precaution for use MultiHance should not 
be admixed with any other drug; the product should not be frozen, and it should be used immediately after drawing into the syringe. Patients should be kept under close supervision for 15 minutes following the injection as the majority 
of severe reactions occur at this time. The patient should remain in the hospital environment for one hour after the time of injection. The accepted general safety procedures for Magnetic Resonance Imaging, in particular the exclusion 
of ferromagnetic objects, for example cardiac pace-makers or aneurysm clips, are also applicable when MultiHance is used. Caution is advised in patients with cardiovascular disease. The use of diagnostic contrast media, such as 
MultiHance, should be restricted to hospitals or clinics staffed for intensive care emergencies and where cardiopulmonary resuscitation equipment is readily available. Small quantities of benzyl alcohol (< 0.2%) may be released by gado-
benate dimeglumine during storage. Thus MultiHance should not be used in patients with a history of sensitivity to benzyl alcohol. As with other gadolinium-chelates, a contrast-enhanced MRI should not be performed within 7 hours of a 
MultiHance-enhanced MRI examination to allow for clearance of MultiHance from the body. Impaired renal function Prior to administration of MultiHance, it is recommended that all patients are screened for renal dysfunction by obtaining 
laboratory tests. There have been reports of nephrogenic systemic fibrosis (NSF) associated with use of some gadolinium containing contrast agents in patients with acute or chronic severe renal impairment (GFR < 30 ml/min/1.73 m2).
Patients undergoing liver transplantation are at particular risk since the incidence of acute renal failure is high in this group. As there is a possibility that NSF may occur with MultiHance, it should therefore be avoided in patients with severe 
renal impairment and in patients in the perioperative liver transplantation period unless the diagnostic information is essential and not available with non-contrast enhanced MRI. Haemodialysis shortly after MultiHance administration may 
be useful at removing MultiHance from the body. There is no evidence to support the initiation of haemodialysis for prevention or treatment of NSF in patients not already undergoing haemodialysis. Elderly As the renal clearance of gadoben-
ate dimeglumine may be impaired in the elderly, it is particularly important to screen patients aged 65 years and older for renal dysfunction. Undesirable effects The following adverse events were seen during the clinical development of 
MultiHance among 2637 adult subjects. There were no adverse reactions with a frequency greater than 2%. Common (≥ 1/100, < 1/10): Nervous system disorders; Headache. Gastrointestinal disorders; Nausea. General disorders and 
administration site conditions; Injection site reaction, feeling hot. Uncommon (≥ 1/1,000, < 1/100): Infections and infestations; Nasopharyngitis. Nervous system disorders; Paraesthesia, dizziness, syncope, parosmia. Cardiac disorders; 
Tachycardia, atrial fibrillation, first-degree atrioventricular block, ventricular extrasystoles, sinus bradycardia. Vascular disorders; Hypertension, hypotension. Respiratory, thoracic and mediastinal disorders; Rhinitis. Gastrointestinal disor-
ders; Dry mouth, taste perversion, diarrhoea, vomiting, dyspepsia, salivation, abdominal pain. Skin & subcutaneous tissue disorders; Pruritus, rash, face oedema, urticaria, sweating. Musculoskeletal, connective tissue and bone disorders; 
Back pain, myalgia. General disorders and administration site conditions; Asthenia, fever, chills, chest pain, pain, injection site pain, injection site extravasation. Investigations; Abnormal laboratory tests, abnormal ECG, prolonged QT. Rare 
(≥ 1/10,000, < 1/1,000): Nervous system disorders; Hyperaesthesia, tremor, intracranial hypertension, hemiplegia. Eye disorders; Conjunctivitis. Ear and labyrinth disorders; Tinnitus. Cardiac disorders; Arrhythmia, myocardial ischaemia, 
prolonged PR interval. Respiratory, thoracic and mediastinal disorders; Dyspnoea N.O.S., laryngospasm, wheezing, pulmonary congestion, pulmonary oedema. Gastrointestinal disorders; Constipation, faecal incontinence, necrotising 
pancreatitis. Renal and urinary disorders; Urinary incontinence, urinary urgency. General disorders and administration site conditions; Injection site inflammation. Additional safety information Laboratory abnormalities cited above include 
hypochromic anaemia, leukocytosis, leukopenia, basophilia, hypoproteinaemia, hypocalcaemia, hyperkalaemia, hyperglycaemia or hypoglycaemia, albuminuria, glycosuria, haematuria, hyperlipidaemia, hyperbilirubinaemia, serum iron 
increased, and increases in serum transaminases, alkaline phosphatase, lactic dehydrogenase, and in serum creatinine and were reported in equal or less than 0.4% of patients following the administration of MultiHance. However these 
findings were mostly seen in patients with evidence of pre-existing impairment of hepatic function or pre-existing metabolic disease. The majority of these events were non-serious, transient and spontaneously resolved without residual 
effects. There was no evidence of any correlation with age, gender or dose administered. Paediatric In paediatric patients enrolled in clinical trials the most commonly reported adverse reactions included vomiting (1.4%), pyrexia (0.9%) 
and hyperhydrosis (0.9%). The frequency and nature of adverse reactions was similar to that in adults. In marketed use, adverse reactions were reported in fewer than 0.1% of patients. Most commonly reported were: nausea, vomiting, 
Signs and symptoms of hypersensitivity reactions including anaphylactic shock, anaphylactoid reactions, angioedema, laryngeal spasm and rash. Injection site reactions due to extravasation of the contrast medium leading to local pain or 
burning sensations, swelling and blistering have been reported. Isolated cases of nephrogenic systemic fibrosis (NSF) have been reported with MultiHance in patients co-administered other gadolinium-containing contrast agents. Please 
note The peel-off tracking label on the vials should be stuck onto the patient records to enable accurate recording of the gadolinium contrast agent used. The dose used should also be recorded. Consult the locally approved package 
insert. The Marketing Authorisation Holder, the Marketing Authorisation number and the date of approval may be different in different countries. Date of revision of this text March 2013.

*At equivalent dose of 0.1 mmol/kg, MultiHance provides significantly superior detection of cancer lesions and significantly superior sensitivity, specificity and predictive values for detection/
exclusion of breast regions with cancer lesions than gadopentetate dimeglumine(1)

(1) Martincich et al. Radiology 2011; 258(2):396-408
Please see full Prescribing Information. Before use, please consult the locally approved Summary of Product Characteristics, which will be made available upon request.

Superior diagnostic 
performance*

vs. gadopentetate dimeglumine
at equivalent dose1
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