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Dear Mr. Anant:

This letter notifies Bracco Diagnostics. Inc. (Bracco) that the Division of Drug Marketing,
Advertising, and Communications (DDMAC) has identified promotional materials' for
MultiHance, an investigational new drug, that are in violation of the Federal Food, Drug, and
Cosmetic Act (act) and its implementing regulations. These materials were distributed at
Bracco’s promotional exhibit at the Radiological Society of North America’s annual meeting in
Chicago, November 2000. Our specific objections follow: '

Promotion of an Unapproved New Drug

Sponsors may not represent in a promotional context that an investigational new drug 1s
safe or effective for the uses that are under investigation (see 21 CFR 3 12.7(a)). Your
brochures, however, include several claims and representations concerning the safety and
efficacy of MultiHance, an investigational new drug. For example, in the brochure titled
« Advances in Magnetic Resonance Angiography,” you state that MultiHance is “a novel
gadolinium-based magnetic resonance imaging contrast agent” that, compared to other
available gadolinium agents, “has the highest relaxivity in aqueous solution and in
protein-containing aqueous solutions.” You imply that this makes MultiHance an
effective contrast agent in MR imaging. You also claim that MultiHance “has been
shown to improve intravascular contrast due to a higher relaxivity mediated through weak
and transient interaction with serum proteins such as albumin.”

As another example, in the brochure titled “New Perspectives in Contrast Enhanced
Vascular Imaging,” you claim that MultiHance has a stronger vascular enhancement and
higher signal intensity compared to Magnevist. Additionally, you highlight the claim that

1. Three brochures titled “Advances in Magnetic Resonance Angiography” ESMRMB Meeting-Seville 1999,
“New Perspectives in Contrast Enhanced Vascular Imaging”™ Highlights from the Satellite Symposium CIRSE
Meeting-Prague, 1999, and “MultiHance High Efficiency in CNS Imaging, Dual Imaging Capability in Liver MRL”
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“gadobenate dimeglumine is a newer contrast agent which appears promising for MRA

given its higher intravascular relaxivity due to a capacity for weak and reversible protein
interaction.”

In the brochure titled “MultiHance High Efficiency in CNS Imaging, Dual Imaging
Capability in Liver MRI” you claim that MultiHance has high relaxivity that “constitutes
the basis for the unique and advantageous imaging characteristics of MultiHance 1n most
applications requiring ECF (extracellular fluid) agents.” You further claim that “in
imaging of CNS lesions, MultiHance significantly improves the diagnostic usefulness of
MRI scans, providing additional information in more than 50% of cases.” Despite the
fact that MultiHance is an investigational new drug, your brochures promote MultiHance
as safe and effective, and 1n some cases, morc effective, than current treatment.

Requested Action

You should immediately discontinue the use of the above brochures, and any other
promotional materials that promote the unapproved drug MultiHance as safe or
effective. You should respond to me regarding this violation by letter no later than
January 24, 2001. In your response, you should state how Bracco has addressed this
violation.

- If you have any questions, please contact me by facsimile at (301) 594-6771, or by written

communication at the Division of Drug Marketing, Advertising, and Communications, HFD-
40; Room 17B-20; 5600 Fishers Lane; Rockville, MD 20857. DDMAC reminds Bracco that
only written communications are considered official.

In all future correspondence regarding this matter, please refer to MACMIS # 9603 and IND

Sincerely,

Warren F. Rumble

Regulatory Review Officer

Division of Drug Marketing,
Advertising and Communications
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New Generation
Molecule

MultiHance® (gadobenats dimegluming) is a paramagnetic,
positive contrast agent for MRI.

Thanks to its physicochemical properties MultiHance?® retans
all the features of currently available extracellular fluid {ECF)
agents, but. presents several unigue characteristics that
distinguish it from other compounds of its class:

ea unique pharmacokinetic profile “among  gadolinium
extracellular agents due to a lipophilic: side chain in the
gadobenate dimeglumine complex ™

e weak and highly reversible protein interaction which benefits
relaxivity ?

« dual route of elimination, through the kidney and, to a lesser
extent, through the fiver®
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The Highest Relaxivity
Among ECF Gadolinium
Contrast Agents

Relaxivity is a measure of the contrastographic capacity of a
contrast agent for MRL.

MultiHance® is characterized by a weak, highly reversible
interaction with serum proteins *, that results in a proton
magnetic relaxivity nearly twice that of other paramagnetic
agents currently on the market .

The high relaxivity constitutes the basis for the unique and
advantageous imaging characteristics of MultiHance® in most
applications requiring ECF agents®.
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Unique
Pharmacokinetic Profile

Uptake of a small portion {2-4%) of the injected dose (ID) into
hepatocytes, and biliary excretion in addition to renal excretion,
give MultiHance® the characteristics of an extracellular fluid
agent but also of a liver specific product’.

compartmen

Extravascular
extracellular
compartment
(interstitial fluid)

Urine 96-98% : ‘Bile 2-4%
of the ID of the ID

Blood haif-life and plasma. clearance of MuitiHance® are
superimposable to those of ECF agents. Most of the injected
dose is eliminated unchanged within 72 hours?,




Efficiency
in CNS Imaging

The outstanding relaxivity of MultiHance® provides high
gfficiency in CNS imaging at the dose of 0.1 mmol/kg. No
significant improvement of imaging was observed with
administration of higher doses®.

In imaging of CNS lesions, MultiHance® significantly improves
the diagnostic usefulness of MRI scans, providing additional
information in more than 50% of cases®.

Radiological usefulness of MultiHance® enhanced images
is considersd excellent in 60.4% of cases after a dose
of 0.1 mmol/kg?,

MultiHance® enhanced scans provide better lesion detection
and delineation compared to plain MRl in 95% of cases’.

Precontrast T1 (a) and T2-weighted (b) and MultiHance®-enhanced T1-weighted (c)
images of meningioma. The post-MultiHance® T1-weighted image reveals a small
extraaxial lesion, not seen in pre-contrast scans, consistent with a meningioma of
the posterior third of the falx cerebri, Courtasy of Dr. Ruscalleda, Spain.

Gadobenate dimeglumine

1 Kirchin M. Gadobenate Dimeglumine {Gd-
BOPTA): An Overview. invest Radiol, Navember,
33(11), 1998:798-809,

2 Spinazzi A., et al. Safety, Tolerance,
Biodistribution, and MR imaging Enhancement of
the Liver with Gadobenate Dimegluming: Resuits
of Clinical Pharmacologic and Pilot Imaging
Studies in Nonpatient and Patient Volunteers, Acad
Radiol, 6, 1999:282-291.

3 Ruscalleda J., et al. MultiHance™ in the
Assessment of Intracranial Tumors: results of
Phase |l Clinical Studies. JCAT, 23 (supplement 1),
1999:519-823.




| Additional Diagnostic
Information in CNS Imaging

Type of supplementary
information

change in diagnosis 6,9%

tumor determination 10,4%
number of lesions pal ,4%
edema distinction 38,8%

disease classification 48,9%

improved visualization

lesion border definition 99,2%

L % of patient O 5& 6(*‘—_73 J Q 10—(‘]( >J

Additional diagnostic information provided by 0.1 mmol/kg dose of MultiHar s
comparison to pre-contrast in patients with either intra-cranial or extra-crar
lesions ',

n

In patients with CNS metastases, MultiHance® provides
significant improvement in lesion detection and conspicuity *.

The dose of 0.1 mmol/kg of MultiHance® provides exira
diagnostic inforration in more than 50% of patients®*.

Additional lesions can be evidenced in 30% of patents
administered with the dose of 0.1 mmolkg of MultiHance®.?

sighted images {(a.b) and MultiHance®-enhanced
. Drecontrast images shows abnormalities in the
s _anhanced image Clearly delineates an additic




Advantage over
Conventional ECF Agents

Thanks 1o its outstanding relaxivity, contrast enhancement of
CNS lesions with MultiHance®, in a pilot study, was significantly
better than that observed with conventional ECF agents®.

Comparison of MutiiHance® -enhanced image ia) andd conventional ECF agent
-enhanced image (b) of brain 1 s-over pilot study
N=24), Lesion contrast s ¢k nce® administration.

superior after Multi

Images courtesy of Prof. Knopp, Heidelbery, Germany.

The advantages of MultiHance® over conventional ECF agents
could also be expressed in terms of degree of CNS-to-lesion
contrast, lesion delineation, of information on internal lesion
morphology and of visualization of tumor vascularization*.

B MultiHance®

i conventional ECF

Signal intesity

ity time curve (nor ¢ by pre-contrast values) after administration
s of MultiHance® or a conventional ECF agent in a
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4 Essig M., et al. Comparison of the
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DTPA for MR Imaging of CNS Tumors. Presented at
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Dual Imaging Capability
in Liver MRI

MultiHance® is. distributed not only to the extraceliular space
but is also selectively uptaken by the hepatocytes'.

MultiHance® has dynamic imaging capability for liver lesions
detection and characterization during arterial and venous
phases few seconds after contrast administration.

Multibance® also offers the second opportunity of delayed liver
specific phase for increased contrast enhancement of
individual lesions up to two hours after contrast administration.

The high relaxivity allows a high signal intensity in T1 weighted
images even at the dose of 0.05 mmol/kg.

Dynamic phase Equilibrium  Delayed liver
phase specific phase
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Contrast injection

The unique pharmacokinetics of MultiHance® allows an extended imaging window

ition to dynamic and equilibrium imaging, MultiHance® afows

in iver imaging. In &

ific phase of enhancement useful for detection and charact-

i lesions (as shown in this theoretical model).




Dynamic
Liver Imaging

Bolus administration of MultiHance® coupled with dynamic
imaging improve the physician confidence in the distinction
between solid and nonsolid lesions, with additional information
for better lesion characterization in up to 30% of patients®.

ancet-enhanced i
ibj, us () and

cintense lesion in pre
obular enhancement in arter a, centripetal filing in d
& and incomplete filling, dus 1o I components, during equ

Courtesy of Dr. Grazioli, Brescia, flalv.
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1 SpinazziA., et al. Safety, Tolarance,
Biodistributian, and MR Imaging Enhancement of
the Liver with Gadobenata Dimeglmine: Results
of Clinical Pharmacologic and Pilat Imaging
Studies in Nonpatient and Patient Volunteers. Acad
Radiol, 8, 1999:282-291.

2 Hamm B., et al. Clinical Utiiity and Safety of
MultiHance® in Magnetic Resonance Imaging of
Liver Cancer: Resuits of Multicenter Studies in
Europe and the USA. JCAT, 23 {supplement 1),
1999:853-860.




Delayed Liver Specific
Imaging

High and long lasting liver signal intensity allows an extended
imaging window between 40-120 minutes after MultiHance®
administration.

MultiHance® -enhanced scans provide additional diagnostic
information in up to 30% of patients compared to both plain
MRI and contrast-enhanced CT'.

Change in planning and delivery of subsequent treatment is
found in up to 23% of patients?.

Sensitivity of MultiHance®-enhanced imaging is similar to- that
of invasive procedures like CTAP but with higher specificity®.

MultiHance®-enhanced images -of hypova-

cudar fiver metastasis from colorectal carci-
noma. Pre-contrast {a, b), dvnamic phase (¢,
adl and delayved i specific phase {8)
owing hyperintensity of liver parenchyma
! hour after adminisiration and peripheral
shout from in the lesion. Courtesy of Dr.

ider, Homburg, Germany.




Gadobenate dimeglumine

Outstanding Safety Profile
in CNS and Liver Imaging

MultiHance® proves to be a safe contrast agent for imaging of
the CNS and the liver with a tolerability profile superimposable
to that of other gadolinium agents. It is well tolerated and safe
up to a cumulative dose of 0.3 mmol/kg.*

e The majority of the observed events/reactions was transient,
self-limiting, and mild in intensity.

* There were no sex-, age-, or dose-related differences in the
incidence of either adverse events or adverse reactions.

*No consistent "trends could be observed in vital signs,
laboratory parameters or electro cardiographic profile,

* There were no clinically significant alterations in vital signs or
laboratory parameters.

1 Hamm B., et al. Clinicat Utility and Safety of
MultiHanca® in Magnetic Resonance Imaging of
Liver Cancer: Results of Mul: r Studies §
Europe and the USA. JCAT, 23 tsupplement 11,
1999:553-S60.

2 Pelersein J., et al. Evaluation of the Efficacy of
Gadobenate Dimeglumine in Magnetic Resonance
Imaging of Focal Liver Lesions: A Multicenter
Phase It Clinical Study. Radiology 2000, in press.

3 Baron RL;; et at. tiver Tumor Detection:
Comaprisan of Gd-BOPTA-enhanced MR, con-
trast-enhanced CT, and CT Arterial Portography,
Radiology 1995, 187(P} supplement to Radiology.
Presented at the RSNA, 1995, abstract #1754,

4 Kirchin M. Gadobenate Dimeglumine (Gd-
BOPTA): An Dverview. Invest Radiol, November,
1, 19987 98-809.




PLEASE CONSULT FULL LOCALLY APPROVED INFORMATION BEFORE USING
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Introduction

Ini the 15 years since the first magnetic resonance (MR) imaging contrast agent was
approved, innovation in techniques. technology and imaging pharmaceuticals has led
to the development of an extensive array of new MR products. A recent product in
the pharmaceutical imaging sector is MultiHance®.

MultiHance® a novel gadolinium-based magnetic
resonance imaging contrast agent

MultiHance® (gadebenate dimeglumine, Gd-BOPTA} is a novel gadolinium-based
magnetic resonance (MR} imaging contrast agent. MultiHance® belongs to the Gd+3-
chelate group of paramagnetic MR contrast agents which  includes Dotarem?®,
Magnevist®, Omniscan®, ProHance®. The GD+3-chelates are general purpose imag-
ing products which, following intravenous administration, distribute throughout the
extracellular fluid space before undergoing renal excretion. Conpared to the other
gadolinium chelates on the market, MultiHance® has the highest relaxivity in aque-
ous solution and in protein-containing aqueous solutions. This is an important fea-
ture since relaxivity reflects the ability of a contrast agent to influence the relaxation
time of water protons in tissue and hence indicates the contrasting efficacy of a con:
trast agent in MR imaging.

Initially 3D contrast enhanced MR Angiography was used in patients suspected of
having pulmonary embolism and- in the visualization of aorta coarctation and
aneurysmal dilatations. Currently, MR Angiography in combination with the use of
gadolinium chelates is being seen as a serious alternative to other techniques for the
assessment of renal vascular disease.

Clinical implications in diagnosis of renal vascular
disease

Renal artery stenosis (RAS) is the leading cause of renovascular hypertension. Although
RAS accounts for only 1-5% of all cases of hypertension, its diagnosis is imperative be-
cause of the possibility of a cure by means of percutaneous transhuminal angioplasty,
stenting, or surgical revascularization. Currently, conventional X-ray angiography pro-
vides definitive anatomic confirmation of stenosis. However, this technique is invasive,
costly and inappropriate far the delineation of narrowings that actually cause hyuper-
tension. Ultrasound allows assessment of the renal arteries but is operator-dependent
and of limited usefulness for a definitive presurgical evaluation of the renal vascular
anatomy. CT angiography is a readily available robust procedure but requires a dose of
radiation and suffers from the possibility of nephrotoxicity due to the jodinated contrast
agents required for this provedure. These drawbacks have increased the need for a re-
liable, noninvasive, and nonionizing imaging method.

New technological advances in MR imaging combined with the introduction of con-
trast-enhanced gadolinium chelate angiography have addressed shortcomings such
as motion artifacts and saturation effects. Furthermore, advances in gradient perfor-
mance and MRI sequence design have enabled high speed imaging with resolution
up to 1 mm and visualization of the entire renovascular tree. Excellent sensitivity and
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specificity in the renal arteries to the level of the venal hilium as well as in the supe-
rior mesenteric artery and the celiac trunk have been reported.

In MRA an optimized image of the renal arteries depends on synchronization of peak
vascular enhancement and central K-space acquisition. Optimized synchronization
has traditionally been determined by means of prior test bolus tracking using 1 to 2
ml of gadolinium chelate injected at the same flow rate as the full dose. Vascular en-
hancement is then assessed at the chosen location by single slice acquisition, The op-
erator then determines the start time for the angiographic sequence. The disadvan-
tages of this technique include firstly, operator-dependent error, resulting for exam-
ple, ina delay in the administration of the contrast agent and hence acquisition, and
secondly. pelvic enhancement overlay in which enharncement of vascular structures
by test bolus and full dose are superimposed.

Multiphase MRA is a new technique which does not require a prior test bolus of con-
trast agent; it allows the distinct vascular phases to be viewed separately and is pre-
ferred for assessment of the distal renal arteries.

Optimized vascular contrast is the most important criteria for successful 3D contrast
enhanced MR imaging. Gadobenate dimeglumine (MultiHance®) has been shown to
improve intravascular contrast due to a higher relaxivity mediated through weak and
transient interaction with serum proteins such as albumin. A recent study has shown
that gadobenate dimeglumine provides higher and longer-lasting vascular enhance-
ment than the non-protein binding gadolinium chelate Gd-DTPA.

In the clinical management of renal vascular disease consideration is given to'the he-
modynamic extent of stenosis as well as to the morphologic pathology. MRA to-
gether with a non nephrotoxic contrast agent permits a comprehensive and repro-
ducible assessment of renal artery stenosis in a single exam. MRA combines within
a single exam an assessment of the morphology of the renal artery with a quantifi-
cation of flow dynamics and a semi-quantitative visualization of renal perfusion and
excretion. This gives MRA an-advantage over other techniques in terms of cost ef-
fectiveness and patient quality of life.
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MRA INTEGRATES FUNCTIONAL
INFORMATION AND MORPHOLOGY
INTO DIAGNOSTIC EXAMINATIONS

Vascular imaging of renal arteries:
from morphology to function

Michael V Knopp, M.D.

Associate Professor of Radiology

Chief, Division of MRI and Spectroscopy Department of Radiology
German Cancer Research Center (DKFZ), Heidelberg, Germany
E-Mail: m.Knopp@dkfz.de

Vascular imaging has in recent years undergone a transformation frorn an invasive to
a non-invasive procedure. Although morphology remairis an important aspect of di-
agnosis, MR Angiography (MRA) is providing diagnostic examinations with function-
al information. It is now possible to image the vasculature in terms of perfusion and
excretion properties. Indeed, MRA can be considered a state of the art technique for
non-invasive imaging.

The possibility to integrate imaging of parenchymal tissue permits not only vascular
information to be obtained, but also information on cortical tissue. This additional in-
formation has led to the development of techniques to image during the arterial
phase, the venous medullary phase and the excretory phase. Adding this information
to morphology can dramatically improve diagnostic capabilities.

Advances in renal MRA
The important advances that have been made in renal MRA in recent vears are
summarized in Table 1.

Table 1. Advances in renal MRA

» Introduction of 3D-Gd-MRA

* Increasing speed (gradients systerns)

s Use of coils (phased array)

» Improved timing techniques

* Breath-hold flow measurements

* Time resolved techniques

s New contrast agents

« T2* perfusion imaging
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Scan times

Until 1995, scan times for contrast-enhanced MRA were around 3.3 minutes and im-
age quality was generally poor. However, scan times were subsequently reduced to
within a single breath-hold and there is increasing awareness of how to aptimize cen-
tral K-space and timing in order to improve image quality.

Bolus tracking

The importance of bolus tracking and the very short window of time available to op-
timize imaging as the contrast agent passes through the vascular system cannot be
over-emphasized. An optimized image depends on the synchronization of peak vas-
cular enhancernent and central K=space acquisition. The timing of the contrast injec-
tion and the start of the sequence can be determined for the individual patient by
means of bolus tracking.

Triggering technique

One of the biggest advances in timing has been the introduction of triggering tech-
niques ™. The ability to overcome mistiming, for example, may lead to a further im-
provement in consistent image quality, which, combined with a reproducible tech-
nique, is very important in everyday practice. However, while these techniques ap-
pear robust in theory, in practice they pose a number of challenges.

Enhancement kinetics

An understanding of enhancement kinetics is vital and studies are underway to assess
this in the renal artery (Figure 1). Tailoring the multiphasic time-resolved acquisition
to the enhancement kinetics of the region of interest will enable imaging of the dis-

tinct phases . Although morphology can be analyzed, repeating the process will pro-
vide information on the early and late arterial phases.

This additional information will provide more information not only on the vasculature,

Figure 1. Renovascular system: enhancement kinetics
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SCAN TIMES HAVE BEEN REDUCED
TO ALLOW MULTIPLE ACQUISITIONS
WITHIN A SINGLE BREATH-HOLD
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A SUBSTANTIAL REDUCTION OF
K-SPACE READOUT HAS LIMITED
IMPACT ON IMAGE QUALITY

CLEAR DIAGNOSTIC ADVANTAGES
WITH MULTIPHASIC MRA

early-arterial late-arterial early-venous
Acq. 6.3 s per image - reconstructed resolution: 1.5x 1.8 x 1.8 mm

but-also o renal performance (Figure 2). The next step will be to integrate this in-
formation for use on a reliable basis in order to image large vascular territories ~ an
important aspect of patient management .

Multiphasic MRA -~ the benefits

The initial aim of multiphasic MRA was to have a fast and reliable imaging technique
that did not require bolus timing. However, time-resolved visualization of anatomic
structures should also be able to show the different enhancement kinetics. These dif-
ferences can then be used to characterize functional and pathological changes and
o take flow measurements.

K-space

One of the approaches currently being investigated is that of increasing the speed by
means of innovative techniques to read the K-space. With this approach, Ke-space ac-
quisition can be tailored to provide high contrast and good contrast resolution.
Although a reduction in the K-space to 60%, or even 25%, has very little impact on
image quality, a reduction to 13% is associated with a deterioration in image quality.
Multiphasic MRA has been especially helpful for the assessment of renal artery steno-
sis. as it is possible to evaluate not only the morphology, but also the time of
parenchurmal enhancemient. There is also the advantage of improved visualization of
distal vessels. There is no requirement for bolus tracking and hence contrast agent is
not found in the renal pelvis — this is a reliable and consistent advantage for this
method. Application of this technique is continually leading to improvements in the
diagnostic capabilities for the intra-renal branches. However, it is important not on-
ly to rely on Maximum Intensity Projection (MIP) images, but also to evaluate the
source images and multiplanar reconstructions. A blinded reader analysis; published

earlier this vear compared multiphase acquisition to the standard single-phase acqui-
sition. There were significant advantages for the multiphasic MRA, thus showing the
clear diagnostic advantages of this method.
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Exciting developments in contrast agents

One of the most exciting aspects in the development of MRA has been the introduction
of new contrast agents . There are basically two main categories of contrast agent: the
paramagnetic and the superparamagnetic. Most of the work to date has been conduct-
ed with the standard gadolinium chelates which can be mainly characterized as non pro-
tein binding. The variations now emerging include the introduction of weakly protein
interacting contrast agents, such as-gadobenate dimeglumine MultiHance®), and the
future introduction of agents which undergo strong protein interaction. such as MS-325
(AngioMARK?).

The advances in contrast agent development are summarized ini Table 25+,

Table 2. Advances in contrast media

» Different types of contrast agent available

* Higher concentrations

+ Protein-interacting gadolinium chelates
—weak (e.g. MultiHance?®)
- strong (e.q. AngioMARK®)

* Supraparamagnetic intravascular contrast agents

Only small modifications required for clear differences

Only small modifications to the structure of gadolinium chelates were necessary to
achieve quite striking differences in properties; for example, using the same dose, con-
trast agents undergoing weak protein interaction give a higher signal intensity and a
wider peak. as well as a higher conitrast intensity in the later venous phase 7. Daily clin-
ical experience suggests that improved homogeneity and increased overall enhance-
ment of the vasculature is possible with agents that undergo weak protfein interaction
as compared with standard agents. This has been demonstrated by a recent phase |
study comparing gadobenate dimeglumine and gadopentetate dimeglumine ®. In this
study it was shown that gadobenate dimeglumine provides higher and longer-lasting
vascular enhancement than the non protein binding gadolinium chelate (Figure 3)®.
However, it is important to contintie to develop improved techniques for differentiation
and segmentation in order to be able to clearly delineate the different venous and arte-
rial vasculatures.

How good is MRA in assessment of stenosis?

Recent animal studies have been conducted to evaluate the use of MRA in the as-
sessment of stenosis . In one study the animals were implanted with ultrasound
measurement probes and various clamping techniques were emploved to create dif-

ferent degrees of sterosis in the renal artery °* There was excellent agreement (up

24) hetween the degree of stenosis mieasured with MRA and the actual degree

ONE OF THE MOST EXCITING
ASPECTS IN THE RECENT
DEVELOPMENT OF MRA HAS BEEN
THE INTRODUCTION OF NEW
CONTRAST AGENTS

ONLY VERY SMALL MODIFICATIONS
TO THE STRUCTURE OF GADOLINIUM
CHELATES ARE NECESSARY TO
ACHIEVE QUITE STRIKING
DIFFERENCES IN PROPERTIES

THERE WAS EXCELLENT
AGREEMENT BETWEEN THE DEGREE
OF STENOSIS MEASURED WITH
MRA AND THE ACTUAL DEGREE OF
STENOSIS
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MRA PROVIDES AN EXCELLENY
TOOL TO QUANTIFY THE FLOW
PROFILE AND ASSESS
HEMODYNAMICS

INTER-OBSERVER AND
INTER-MODALITY VARIABILITY
ARE CONSIDERABLY BETTER FOR
MHRA COMBINED WITH FLOW
MEASUREMENT THAN FOR DSA

Figure 3. GADTPA (Magnevist®) vs. Gd-BOPTA (MultiHance®) image quality

Gd-DTPA (Magnevist®) Gd-BOPTA (MultiHance®)

Figure 4. Invasive validation in animal model

of steno

sis measured with the ultrasound probe (Figure 4). However, it is possible

that over-estimation might occur in cases where there is a high degree of stenosis.

What can we achieve with MRA?

The ultimate goal of current research is to integrate morphology with hemodynam-
ics’ and eventually also to incorporate perfusion parameters; in other words, to as-
s255 ‘the hemodynamic relevance of morphological changes. For a long time MR
phase contrast flow measurement has been used. This permits the rapid acquisition
of a flow profile and an-evaluation of the true hemodynamics of flow, as well as an

ssment of mean flow: The flow curve can be useful for qualitative analysis and

for the evaluation of characteristic patterns, which are of great diagnostic value. The
good agreement between MRA and the invasive ultrasound probes for the measure-
ment of flow indicates that MRA is an excellent tool for the quantification of the flow

nrafile and the assessment of hemodinamirs
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A grading system has been developed to grade the different levels of stenosis.

A multi-reader analysis showed that inter-observer ‘and inter-modality variability are
considerably better for MRA combined with flow measurement than for DSA.
Thus, while DSA is considered to be the gold standard, it is important to remember
the great variability in quality with this technique. Combining MR with flow mea-
surement appears to give the best diagnostic capability 2.

MRA for assessment of perfusion

Changes in renal arteries may not only be due to stenosis, but also to parenchymal
damage. ‘Fine tuning’ of renal evaluations is now possible which permit evaluation
of perfusion characteristics. One’ of the techniques that has been developed is to
measure parenchymal perfusion using a T2*weighted technique and to compare this
with renal scintigraphy. Excellent assessment of perfusion can be achieved using this
technique. Thus; it is now possible to use MRA for assessment of morphology. for
flow measurement assessment of hemodynamics and now for assessment of the true
perfusion of the kidneys.

Differentiation between contrast agents

It is now becoming clear that reproducible differences between contrast agents exist
and a future challenge will be to use these distinct properties to improve diagnostic
capability.- A multiphasic MRA study is currently underway to assess contrast agent-
dependent vascular enhancement following administration of gadobenate dimeglu-
mine (MultiHance®) and gadopentetate dimeglumine (Magnevist®) ™. In this study it
has so far been observed that signal intensity in the suprarenal aorta during each
phase is stronger for MultiHance® than for Magnevist® at 0.15 mimol/kg BW and 3
ml/s. The capacity of MultiHance® for weak protein interaction leads to a higher vas-

cular enhancement during the early arterial and late venous phases.

ComBiniNg MRA wiTH FLow
MEASUREMENT GIVES THE BEST
DIAGNOSTIC CAPABILITY

EXCELLENT ASSESSMENT OF
PERFUSION CAN BE ACHIEVED
USING A T2*-WEIGHTED TECHNIGUE

REPRODUCIBLE DIFFERENCES
BETWEEN CONTRAST AGENTS EXIST
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MRA 1 AN ACCURATE, RAPID,
REPRODUCIBLE, INEXPENSIVE' AND
CLINICALLY VALID TECHNIQUE WHICH
PERMITS A COMPREHENSIVE, TRULY
THREE-DIMENSIONAL ASSESSMENT
OF BOTH MORFHOLOGY AND
FUNCTIONALITY

MRA s BEING RECOGNIZED FOR
VASCULAR IMAGING DUE TO THE
INTRODUCTION OF THREE-
DIMENSIONAL ASSESSMENT AND

NEW TIMING TECHNIQUES, TO THE
INCREASING SPEED, TO THE USE OF
NEW COILS AND THE AVAILABILITY OF
NEW CONTRAST AGENTS

New Perspectives in Magnetic Resonance
Angiography

Michael V¥ Knopp, M.D.
German Cancer Research Center. Heidelberg, Geérmany and
The Ohio State University. Colurnbus, Ohio, USA

E-Mail: m Knopp@dkfz.de

Contrast enhanced 3D-MR Angiography (MRA) has recently received a lot of atten-
tion as it has undergone development from a research procedure to state of the art
in diagnostic imaging . Outside of the central nervous system, imaging of the renal
arteries is currently of great interest in-every day diagnostic patient work-up. In the
elderly, patient imaging of vascular disease is particularly important because of its
comparatively high incidence and severity in this population.

Compared with other non-invasive imaging techniques such as ultrasoniography
which is highly operator-dependent and subject to howel gas or fat overlay, and CT
Angiography which requires exposure to radiation and to potentially nephrotasic
complications due to the iodinated contrast agents, MRA is an accurate, rapid,
reproducible, inexpensive and clinically valid technique which permits a comprehen-
sive, truly three-dimensional assessment of both morphology and functionality.

Advances in MR Angiography

Until recently, the potential of MR contrast agents such as the conventional Gd-che-
lates has not readily been recognized for vascular imaging . Their potential has
become obvious recently due to the advances in MR Angiography @, These advan-
ces include the introduction of 3D-Gd-MRA; increased speed, the use of coils, new
timing techniques such as bolus trackirig " or time resolved (multiphasic) imaging #,
the possible acquisition of functional information through breath-hold flow measure-
ments, the availability of newer MR contrast agents with improved properties over
conventional Gd-agents, and the development of T2*-weighted techniques, which
allow excellent assessment of perfusion (Figure 1) #7.

Figure 1. MRA techniques allow imaging of the vasculature,
perfusion and excretion of the renal arteries

Morphology: =

Perfusion

Excretion




What is needed to improve image quality?

To improve image quality the angiographer needs to have an understanding of MR
physics, to supervise image acquisition and to develop a “feel” for the injection.
Furthermore. exams need to be performed on an emergency basis with fast set-up,

fast image processing and ready interpretation of results.

In MR Angiography timing is-everything, in fact there is a very short time frame avai-

lable to optimize imaging as the contrast agent flows through the vascular system
ging q g 3

(Figure 2).

Figure 2. Example of the short time frame of the availability
of a contrast test bolus
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Understanding and using temporal resolved contrast enhanicement techniques in the
region of interest (e.q. the renovascular system) will enable imaging of the distinct pha-
ses. In fact, by looking at the time intensity curves obtained while the contrast bolus
passes through the aorta; the renal arteries and the distant vessels, we can use timing
of the enhancement techniques ir order to get time-resolved images (Figure 3).

Figure 3. Renovascular system: enhancement kinetics
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THERE ARE FOUR APPROACHES 70
TIMING IN MR ANGIOGRAPHY:
EMPIRIC APPROACH, TEST BOLUS
APPROACH, USE OF AUTOMATIC
DETECTION TECHNIQUES AND
MULTIPHASIC FAST {TIME-RESOLVED)
IMAGING

There are four approaches to timing in MR Angiography. The easiest one, if the
angiographer is very experienced, is the empiric approach, which is a valid method
but not very reproducible in a general setting. Currently, the standard approach is to
use a test bolus. which is comparable to other techniques used in Angiography and
CT. Recenthy
MR Fluoros
ped is multiphas

automatic detection techniques, like MR Smartprep® and Bolus Trak

oy have been introduced 7. Another technique actively being develo-

> fast (time-resolved) imaging.

Before 1995, scan times for contrast-enhanced MRA were around 3.3 minutes and
image quality was considered poor. Today, scan times have been reduced to within
a single breath-hold, Furthermore, there is increasing awareness on how to optimi-
ze K-space readout and sequence design in order to improve image quality.

Bolus tracking technique ;

Optimized MR Angiography depends on’ the sunchronization of peak vascular
enhancemerit and' central K-space acquisition. The highest image contrast is achie-
ved only during the peak vascular gadolinium concentration. A bolus tracking tech-
nique is one way to synchronize the timing of the acquisition (Figure 4).

Figure 4. Bolus timed MRA with Gd-BOPTA of the carotid arteries

With this technique, a small volume of gadolinium chelate is injected with the same
flow rate as the full dose with vascular enhancement assessed by means of dynamic
single slice acquisition at the desired location. A subsequent analysis of the time
enhancement curve allows caleulation of the optimized start time for the full angio-
graphic sequence. A major disadvantage of this approach however is that it is often
subject to operator-related variations.

Triggering technique
Smartprep® is an automated on-line irigger technique, introduced in 1996, for detec-
ting vascular contrast enhancement ™. The approach used in Smartprep? is to set the

v o N LR SN 1




Figure 5. Automatic Gd Detection with MR Smartprep®
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trigger the image acquisition phase (Figure 5). This technique has led to significant
improvements in reproducible image quality of the vasculature.

Multiphasic MR Angiography

A multiphasic or time-resolved approach has the advantage of not requiring an indi-
vidual acquisition window to be predetermined. Moreover, it is reasonably operator-
and equipment-independent, and provides information on both morphology and
function ™. The use of multiphasic MRA allows rapid sequential visualization of dis-
tinct vascular phases within one breath-hold, and provides mote information than
standard single-phase MRA. In Figure 6 five sequential acquisitions, performed
every 6.3 seconds, using 0.15 mmol/kg BW of gadobenate dimeglumine are shown.
The image shows strong hormogeneous vascular enhancement and all the different
vascular phases.

This approach makes it possible to look at the early arterial, late arterial and early
venous phases and also to get information on the morphology and physiology of cer-
tain organs, e.g. the renal vessels and renal performance (Figure 7).

The initial aims of multiphasic MRA were to have a fast and reliable imaging technique
that did not require bolus timing and to visualize anatomic structures in a time-resolved
fashion in order to show the different enhancemerit kinetics. Differences in enhance-
ment Kinetics can be used to characterize functional and pathological chariges.

means of innovative techniques to read the K-space. A reduction in the Kespace of
60% has very little impact on image quality.

One of the approaches currently being investigated is to increase the speed by

Multiphasic MRA is also very helpful in assessing the tirme fo parenchumal enhance-
I 4 T g i k
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MuLTiPHASIC MRA MAKES TF
POSSIBLE TO LOOK AT THE EARLY
ARTERIAL, LATE ARTERIAL AND
EARLY VENOUS PHASES AND ALSO
TO GET INFORMATION ON THE
MORPHOLOGY AND PHYSIOLOGY OF
CERTAIN ORGANS, E.G., THE RENAL
VESSELS AND RENAL PERFORMANCE




Figure 6. Multiphasic MRA with Gd-BOPTA (MultiHance®)

Figure 7. Multiphasic 3D-Gd-MRA

early-arterial late-arterial early-venous
Acq. 6.3 per image reconstructed resclution: 1.5x1.8x1.8 mm

Figure 8. Multiphasic 3D-Gd-MRA: Renal artery stenosis
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Applications of MR Angiography to

extrarenal vascular territories

Compared to X-ray DSA, MR Angiography rieeds still to improve image resolution.
By means of the above improvements, intrarenal vessels can be detected and eva-
luated; this is still the biggest challenge in renal MRA (Figure 9). MR Angiography

can be applied not only to the renovascular sustem but also to all vascular territories,

e.g. the carotid arteries, the iliac vessels and run-off vessels.

Figure 9. Multiphasic MRA with Gd-BOPTA (MultiHance®)

intrarenal
branches

2nd Phase

MR Angiography and the pulmonary vasculature

One of the most recent challenges of MR Angiography is to-use this technique to
evaluate the pulmonary vasculature ¥, The aim is to separate angiograms of lung
arteries and veins without venous or arterial overlay with the use of a 3D multipha-
se technique and by having a mean bolus transit time between the arterial and the
venous pulmonary vasculature of approximately 3 seéconds. The subtraction of the
base image can be used to obtain reproducible images of high quality in the pulmo-
nary vasculature. Another improved technique is the use of a correlation procedure
to determine separation of the arterio-venous system. This permits the acquisition of
high resolution pulmonary images (Figure 10) ¥,

One approach is to tailor the injections of the contrast agent 'on the basis of the
vascular territory and the acquisition scheme. The Tailored Injection Scheme follows
the concept of very small multiple boli injections, and permits optimization of the dif-
ferences between the arterial and venous systems. Using the correlation technigque
the differentiation between the arterial and venous pulmenary vessels can be further
optimized (Figure 11). This technigue can be used not only for the pulrmonary

coctom buit alen fav mthor vacmilay fovritarioe

THE TAILORED INJEGTION SCHEME
DETERMINES THE OPTIMIZATION AND
VISUALIZATION OF THE DIFFERENGES
BETWEEN THE PULMONARY
ARTERIAL AND VENOUS SYSTEM




Figure 10. Subtraction and correlation techniques
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Figure 11. Multiple Bolus Injection

Bock M. Schoenberg S, Knopp MV et al.

MR Angiography and the porto-venous system

A concept similar to the oneg described above is used to evaluate the liver. Dual-pha-
sic imaging allows the angiographer to look at the arterial and porto-venous phases,
in-order to obtain remarkable image quality and a potential correlation between
information on the vasculature and the parenchyuma (Figure 12).

In & recent study, we performed triphasic 3D acquisitions of liver lesions in order to
determine whether the angiographic information available with this technique would
be of benefit in the ¢linical setting?”. Figure 13 shows a case of hepatocellular car-
cinoma and metast in which the Angiography provided a great deal of additio-
nal information to that obtained in the morphological evaluation.

It is very important not only to look at the Maximum Intensity Projection (MIP), but
also to'go back to the source images and look at multiplanar reconstructions (Figure

14). These images provide a lot of information; due to their truly three-dimensional
nature: The high vascular contrast obtained allows the detection of small variations
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This can lead to improved collaboration with surgery and benefit concepts such as

minimal invasive surgery with virtual surgical planning:

By combining angiographic featurés with morphology, we establish our diagnostic

reports on the basis of the early-arterial phase, the late-arterial phase and the porto-
] venous phase of the liver. Hence we can provide an assessment of the parenchyma,
I of the vasculature and of the microcirculation of liver lesions.

Figure 12. Porto'venous system: Dual-phasic Imaging

Arterial phase: >40s Porto-venous p
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COMBINING ANGIOGRAPHIC
FEATURES WITH MORPHOLOGY, WE
CAN PROVIDE AN ASSESSMENT

OF THE PARENCHYMA, OF THE
VASCULATURE AND OF THE
MICROCIRCULATION OF LIVER
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Bolus chase peripheral MR Angiography

With the bolus chiase technique it is possible to visualize large volumes of the car-
diovascular systern with superb quality . If bolus chase technique is not available,
then many images have to be acquired and put together in order to image large areas
of the cardiovascular system:.

Phase contrast flow measurements

Another aim of MR Angiography is to assess the hemodynamic relevance of mor-
phological changes. For quantitative assessment of hemodynamics in the vessels. we
have the possibility to use MR phase-contrast flow measurements™. This technique
establishes the flow pattern in the vasculature. As an example, Figure 15 shows the
flow pattern separated as early systolic peak, incision, main systolic peak and dia-
stolic flow in the renal vasculature. Any changes in the flow profile can be used to
assess the hemodynamic relevance.

This method has been validated in collaboration with physiclogists. We have verified
that the MRA flow gives extremely reproducible results compared to invasive ultra-
sound measurements . MRA is therefore an excellent tool to quantify the flow pro-
file and to assess the hemadynamically relevant stenoses (Figure 16). As the degree
of stenosis increases, there is a significant change in the flow profile pattern.

This has been integrated into a one-stop exam combining the angiographic images
and the flow measurements of the right and left renal arferies. This clearly-demon-
strates the hemodynamic relevance of the renal artery stenoses (RAS) (Figure 17) 7%,

Figure 15. MR phase contrast flow measurement
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Figure 16. Invasive validation: MRA flow versus TT-US
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Figure 17. RAS: Morphologic, functional and hemodynamic changes
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Contrast agents for MR Angiography
One of the most important aspects in the further development of MRA has been the
availability of different conitrast agents and the introduction of new ones ™.

There are basically two main categories of contrast agent: the paramagnetic and the
superparamagnetic (Table 1).

Table 1. Contrast agents for MR Angiography

SUPERPARAMAGNETIC

Non protein birding

Strong protein
binding

SPIO ‘ USPIO

Gd-DTPA,
Magnevist®
Gd-DO3A-butriol,
Gadovist®
Gd-DOTA,
Dotarem®
Gd-DTPA-BMA,
Omniscan®
Gd-HP-DO3A,
ProHance®

Gd-BOPTA,
MudtiHarce®

MS-325,

AngioMark®

Caoated with Coated with
dextrar Starch
NC100150,

Clariscan®

THE AVAILABILITY OF DIFFERENT
CONTRAST AGENTS AND THE
INTRODUCTION OF NEW ONES ARE
IMPORTANT ASPECTS IN THE
DEVELOPMENT OF MRA




GADOBENATE DIMEGLUMINE 15 A
NEWER CONTRAST AGENT WHICH
APPEARS PROMISING FOR MRA
GIVEN ITS HIGHER INTRAVASCULAR
RELAXIVITY DUE TO A CAPACITY FOR
WEAK AND REVEFSIBLE PROTEIN
INTERACTION

Most of the work to date has been conducted with standard “extracellular”gadoli-
nium (Gd)  chelates (i.e. Magnevist®, Gadovist®, Dotarem®, Omniscan®, and
ProHance®). These agents are largely comparable among themselves and do not
possess any capacity for protein interaction.

Newer contrast agents which appear promising for MRA demonstrate higher intra-
vascular relaxivity due to a capacity for weak and reversible protein interaction, e.q.
gadobenate: dimeglumine (Gd-BOPTA, MultiHance® "8 or strong protein interac-
tion e.q. M5-325 (AngioMark®

Other promising contrast. agents are the superparamagnetic cnes such as
Ne100150 {Clariscan®. These agents have an iron or manganese base and are con-

sidered to be “intravascular” agerits ¥ The main difference between the extracel-
lular contrast agents and the intravascular agents is that most intravascular agents are
currently not suitable for first pass 3D MRA and hence are used in the equilibrium
phase only. While providing excellent vascular -contrast, the inherent drawback of
these agents is the concurrent enhancement in the arterial and venous systems with
subsequent extensive vascular overlay. As a consequence, sophisticated post pro-
cessing is required in most cases. Further developments are needed to utilize the
potential of these agents in a more optimized way. Recent developments in contrast
agents include also introducing higher concentrations such as 1.0 M Gadovist®. The
development of contrast agents with new features such as the weak or strong pro-
tein interaction as seen in MultiHance™ and AngioMark® or supraparamagnetic pro-
perties such as Clariscan® is a particularly exciting ongoing process.

The molecular structure -of gadobenate dimeglumine (MultiHance®, Figure 18) is
very similar to that of gadopentetate dimeglumine (Magnevist®) indicating that only
very small modifications to the structure of gadolinium chelates are necessary to
achieve weak protein interaction.

In an intra-individual comparison of gadolinium chelates at the same dose, it was
chserved repeatedly that contrast agents with weak protein interaction give a higher
signal intensity and a wider peak, as well as a higher contrast intensity in the later
venous phase (Figure 19)"%.

Figure 18. Molecular structures of Gd-BOPTA (MultiHance?®)




Figure 19. Phase [: Intra-individual comparison of Gd-BOPTA
(MultiHance®) versus Gd-DTPA (Magnevist®)
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enhancement of the vasculature with agents that have weak protein interactions as GADOBENATE DIMEGLUMINE, GIVE A
HIGHER SIGNAL NSITY AND A

compared with standard agents (Figure 20). WIDER PEAK, AS WELL AS A HIGHER
- . N N . . N CONTRAST INTENSITY IN THE LATER
The stronger vascular enhancement -and higher signial intensity obtained With  yenous PHASE. ALSO WHEN USING

MultiHance® in comparison with Magnevist®®, can also be seen when using techmi- ~ TECHNIQUES THAT NVOLVE
- MULTIPHASIC ACQUISITIONS

ques that involve multiphasic acquisitions (Figure 21),

Figure 20. Gd-DTPA (Magnevist®) versus Gd-BOPTA (MultiHance®)

Gd-DTPA (Magnevist®) Gd-BOPTA (MultiHance")




THE AVAILABILITY OF NOVEL, SAFE
CONTRAST AGENTS WILL INCREASE
THE APPLICABILITY OF MRA FOR
ROUTINE CLINICAL PRACTICE

Figure 21. Gd-DTPA (Magnevist®) versus Gd-BOPTA (MultiHance®)
using Multiphase Acquisition

Conclusions

In summary the following points have been introduced during this talk:

» The recent advances made in MR Angiography.

o The further developments we would like to achieve i this field in order for this
technique to be integrated in clinical practice and to be helpful in clinical inter-
pretation and diagnosis.

+ The importance of not only the hardware features but also of the contrast agent

characteristics.

These. advances will make MR Angiography the state of the art technique for dia-
gnostic vascular imaging in the new millennium: MR Angiography will be the pre-
dominant non invasive vascular imaging technique in the future due to its non inva-
siveness, rapidity, large imaging window and potential for hemodynamic assessment.
The availability of novel. safe contrast agents will increase the applicability of MRA

for routine clinical practice.
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