CONTRAST AGENT EVALUATION

Gadofosveset injection for magnetic
resonance angiography

Magnetic resonance angiography has evolved into a robust clinical tool, with improved performance of
both hardware and software. However, the poor signal-to-noise ratio remains an important physical
limitation. T -shortening contrast agents help increase the signal-to-noise-ratio but conventional
extracellular agents can be injected only in a limited dosage and this is followed by a rapid decrease in
blood concentration caused by redistribution in the extracellular space. Gadofosveset trisodium offers a
net increase in T, relaxivity, blood-pool distribution and a longer half-life, promising to significantly
improve magnetic resonance angiography image quality once again.
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Recently, magnetic resonance angiography
(MRA) has evolved into a robust clinical tool
for noninvasive evaluation of vascular structures.
Its clinical utility for the evaluation of thoracic,
abdominal and peripheral vascular pathology
is well established and recent developments in
hardware and software have resulted in signifi-
cant improvement of MRA performances. MRA
does not necessarily require administration of
contrast agent, but contrast-enhanced MRA
has become standard practice owing to its faster
speed and flow independence [1]. Recent research
in the field of new contrast agents specifically
designed for MRA has provided relevant clinical
results, overcoming some of the limitations of
extracellular gadolinium (Gd) chelates. Human
albumin-binding contrast agents promise to
significantly improve MRA compared with
extracellular contrast agents. Among these com-
pounds, the US FDA recently approved gado-
fosveset trisodium (MS-325; Ablavar™, EPIX
Pharmaceuticals, Cambridge, MA, USA, and
Lantheus Medical Imaging Inc, MA, USA) for
use in humans. This article will focus on gado-
fosveset trisodium’s pharmacological properties
and on the evidence of its efficacy available from
the literature.

Overview of the market

Several strategies for MRA have been devel-
oped using extracellular Gd chelates [2-8].
These agents are designed to reduce the T, of
the blood during first passage, decreasing the
signal loss caused by saturation of proton spins
in the imaging volume and providing the con-
trast needed to image the vascular structures.

Various studies have demonstrated the superior-
ity of contrast-enhanced MRA in comparison
to noncontrast-enhanced techniques, for more
accurate depiction of stenotic vessels [8-11].
However, extracellular Gd chelates have rela-
tively low relaxivity and are known to diffuse
freely out of the vasculature during first pass
(up to a fraction of 50% in certain tissues such
as the myocardium), limiting the magnitude
and duration of T, contrast generated. As a
consequence, scanner hardware and imaging
acquisition protocols have been optimized to
offer very fast acquisition times to capture the
vascular phase of the contrast during first pas-
sage. However, this approach limits the time
available for image acquisition, only one body
region can be easily imaged at a time, and either
very advanced table and coil combinations or
repeated injections are needed for more than one
station to be imaged with optimal spatial resolu-
tion. Furthermore, since the acquisition of MRA
images is only possible during first passage, the
correct timing of image acquisition is pivotal to
achieve the best image quality and, therefore,
significant experience and training are required
to optimize image acquisition. In addition, first-
pass MRA of some vessels, such as the aorta and
the pulmonary veins, suffers from image blur-
ring caused by movement of the vessels during
the cardiac cycle. This artifact could be avoided
using cardiac-triggered sequences and a contrast
agent with a longer plasma half-life.

To overcome these limitations, the market
demanded a contrast agent capable of generat-
ing very high contrast between vascular struc-
tures and other tissues (high relaxivity) that also
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remained in the bloodstream for the duration
of imaging and, thus, maintained the contrast
between vascular structures and surrounding
tissues for longer.

Pharmaceutical research developed three dif-
ferent new classes of blood-pool contrast agents
rationally designed to achieve these goals: super-
paramagnetic contrast agents, such as iron oxide
contrast agents (superparamagnetic iron oxide
[SPIO] and ultrasmall paramagnetic iron oxide
particles [USPIO]) (12]; dendritic Gd-binding
compounds (Gadomer 17) [13]; and the class of
human albumin-binding contrast agents, such as
gadofosveset. Gadofosveset is currently the only
blood-pool contrast agent approved by the FDA
for MRA.

Introduction to the compound

Gadofosveset trisodium is a blood-pool contrast
agent from the family of albumin-binding com-
pounds. It is the first Gd-based blood-pool agent
approved for MRA use in humans. Gadofosveset
has been designed to overcome the limitations
of conventional extracellular contrast agents in
MRA. It binds albumin, resulting in three major
advantages: restriction of the agent to the blood-
pool, net increase of T -shortening properties

and a prolonged half-life.

B Chemistry

The chemical name for gadofosveset trisodium
is trisodium-(2-(R)-((4,4-diphenylcyclohexyl)
phosphonooxymethyl)-diethylenetriamine-
pentaacetato) (aquo) Gd(III). It has a molecular
weight of 957 Da. The agent consists of a protein-
binding diphenylcyclohexyl group attached to a
Gd chelate by a phosphodiester linkage, result-
ing in reversible binding to albumin [14]. Fieure 1
shows the structural formula of gadofosveset. Its
chemical properties contribute to a long plasma

half-life and high T, relaxivity.

Pharmacodynamics

Gadofosveset binds albumin with a strong non-
covalent interaction, resulting in three major
advantages, as follows.

The complex is restricted to the blood-pool,
allowing selective enhancement of the vascular
structures (see Pharmacokinetics & metabolism’
section). As a direct consequence, the volume of
distribution for the agent is reduced and a smaller
amount of Gd can be administered.

Albumin binding slows down the molecular
tumbling rate of the complex, providing a sig-
nificant increase in T -relaxation enhancement
compared with gadopentetate dimeglumine
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(Gd-DTPA) in plasma [15-18]. Vessels are strongly
enhanced on 3D gradient-echo images as a
result of a persistent decrease in plasma T, 31s].
Gadofosveset has a very high relaxivity in mag-
netic field strengths in the range used for MRA.
It binds albumin selectively and reversibly (see
‘Pharmacokinetics and metabolism’ section)
resulting, as a consequence of the molecular
weight of albumin, in a slower rate of rotation in
solution that is similar to the Larmor frequency
of the scanner. The reduction in the molecular
tumbling rate of the chelate upon binding opti-
mizes the electron—nuclear interaction between
the Gd and the water protons to yield one of the
highest relaxivities observed for a Gd chelate. In
this condition, a very efficient interaction between
Gd and water protons occurs resulting in a higher
relaxivity than smaller molecules in free solution
in plasma (18). Furthermore, gadofosveset has the
advantage over other Gd-binding macromolecules
of a particular interaction between the complex of
Gd and its chelant and albumin. The chelant is
bound to albumin by multiple noncovalent bind-
ings, ensuring a more efficient immobilization that
results in a six- to tenfold higher relaxivity when
compared with Gd-DTPA. Relaxivity is reduced
at higher ratios of chelate to albumin, perhaps as
a result of a weaker noncovalent binding with less
efficient immobilization of the molecule [18].

Albumin binding increases the half-life of the
agent, which allows prolonged acquisition times of
multiple regions of the body [19], employing high
resolution sequences that can also be triggered on
cardiac activity, and thus reducing artifacts at the
origin of the large vessels [15]. Furthermore, as a
consequence of the persistent signal-enhancing
effect and high relaxivity, longer acquisition times,
optimized sequences and high-resolution acquisi-
tion can be applied. Fieure 2 demonstrates the avail-
able blood signal enhancement and its persistence
after first passage for extracellular contrast agents
and gadofosveset. These characteristics enhance
MRA in all regions of the body but are par-
ticularly desirable for coronary imaging, where
high-resolution and high signal-to-noise ratio are
desired [20]. Furthermore, the improved acquisi-
tion time window can be used to acquire multiple
scans after a single contrast injection.

The smaller the volume of distribution, the
more efficient the T -lowering effect and a pro-
longed half-life all significantly contribute to the
benefits of MS-325 over other Gd contrast agents
used in clinical practice. The capability of gen-
erating the same contrast with the injection of a
smaller volume of drug will potentially limit side
effects and costs [18].
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Gadofosveset for magnentic resonance angiography

Albumin-binding contrast agents have several
advantages over other types of blood-pool con-
trast agents. Initially, the development of blood-
pool contrast agents focused on macromolecular
complexes with Gd, with high relaxivity caused
by the slow rotation of the complex in blood [1].
Different types of molecules were evaluated, such
as albumin, dextran, polylysin and other poly-
mers [21,22]. Their potential immunogenicity and
concerns regarding the excretion of these agents,
particularly after repeated injections, limited
their development [23].

Apart from albumin-binding contrast agent,
USPIO and SPIO are the only other family of
blood-pool contrast agents. The usefulness of
SPIOs for MRA is limited owing to their pre-
dominant T, shortening effect and very short
vascular half-life (less that 10 min) caused
by endocytosis in the liver, spleen and other
reticolo-endothelial tissues [1]. USPIOs have been
evaluated for MRA, exhibiting a similar signal-
to-noise ratio at 1.5 and 3 T probably owing to
confounding T shortening effect [1,24].

MS-325 and intravascular contrast agents in
general also present some limitations when com-
pared with diffusible contrast agents. Owing to
the restriction of Gd in the blood pool, there is
no interstitial enhancement, thus the acquisition
of relevant diagnostic information may be impos-
sible and require a second scan with conventional
diffusible contrast agents.

Another potential limitation to the use of
blood-pool contrast agents for MRA (at steady
state) is the venous contamination of the arterial
images [25]. Several postprocessing approaches have
been proposed to overcome this limitation [26-29].

Pharmacokinetics & metabolism

Preclinical imaging data, 7z vitro human plasma
binding and signal enhancement characteristics
of this agent are reported in an article by Lauffer
et al. 118]. Unlike currently available extracellular
agents, gadofosveset binds strongly but revers-
ibly to human serum albumin in plasma [14.30].
Protein binding of the chelate reduces its extra-
vasation, yielding primarily intravascular distri-
bution and increased plasma half-life. However,
efficient renal excretion is still possible as the
reversible binding means that there is always a
small amount of unbound agent. Gadofosveset
is 80-96% bound to albumin in human
plasma [18]. A special chemical group attached
to a typical Gd chelate mediates protein bind-
ing [31-36]. Gadofosveset is two- to three-times
more stable than Gd-DTPA at pH 7.4 and is

ten- to 100-times more kinetically inert [17].
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Figure 1. Gadofosveset trisodium.

Clinical efficacy

Potential clinical applications for this class of
contrast agent include enhancement of vessels
in MRA and determination of tissue perfu-
sion, angiogenesis or capillary integrity [19]. Four
Phase III studies have demonstrated the clini-
cal efficacy of MS-325 for different indications.
These studies were all well designed using rigor-
ous and state-of-the-art methodology. In all of
these studies, unenhanced time-of-flight MRA
was compared with MS-325-enhanced MRA
using conventional x-ray angiography as the
reference standard. Images were acquired using
standardized, prospectively designed, protocols.
In each study the MRA images were interpreted
by three different expert, blinded, independent
readers. The x-ray angiography images were
interpreted separately by two different expert,
blinded, independent readers. A third adjudica-
tor was used if required to provide a consensus.
These studies are summarized in Taste 1. There
have also been many other published clinical
studies using MS-325 for MRA. As a result of
these trials there is accumulating evidence for
the utility of MS-325 for a number of different

clinical applications and these are discussed later.

B Peripheral vascular disease

In a Phase II multicenter dose-finding study of
238 patients with known or suspected peripheral
artery disease, MS-325 administration resulted in
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a dose-dependent increase in diagnostic accuracy
for the detection of occlusive aortoiliac disease. A
dose 0f 0.03 mmol/kg of MS-325 was found to be
safe and accurate in comparison with the invasive
reference standard of x-ray angiography [37).
Two subsequent Phase III studies evaluated
MS-325 for MRA in patients with known or
suspected peripheral artery disease using the
methods previously described [38,39]. Both of
these studies found that MS-325-enhanced
MRA was significantly more accurate than
unenhanced MRA for evaluation of occlusive

aortoiliac disease (Tasie1). Goyen ez a/. found that
sensitivity improved from 49-60 to 71-84%,
specificity from 71-78 to 80-90% and accuracy
from 68—75 to 80—88% [38]. Another benefit of
MS-325 was a significant reduction in uninter-
pretable images. Up to 19.5% of the unenhanced
images were uninterpretable; while with MS-325
this was reduced to up to 2.6%. The rate of not
interpretable studies was similar with MS-325-
enhanced scans and with x-ray angiography.
The safety profile of MS-325 was also found
to be favorable with minimal and transient side
effects reported.

Similarly Rapp ez al. found that sensitivity
improved from 42-67 to 61-80%, specificity
from 75-85 to 85-95% and accuracy from
71-82 to 84—90% (Ficure 3) [39]. There was also
a significant reduction in the number of studies
that, postcontrast, were uninterpretable. This
was up to 21.9% in the unenhanced images
and only up to 1.2% in the contrast-enhanced
MRA images.

Further work in patients with peripheral
vascular disease suggested improved accuracy
of peripheral arterial MS-325-enhanced MRA,
with digital subtraction angiography (DSA)
as the reference standard, using high-spatial-
resolution steady-state MRA compared with
standard-resolution arterial-phase first-pass
MRA [40]. This was a small study with only
27 patients and it is worth noting that 100%
accuracy was achieved with steady-state MRA.
Another small study of 20 patients also demon-
strated that MS-325-enhanced MRA of the
lower legs at 3 T is also very accurate and com-
parable with that of invasive selective DSA [41].

Table 1. The four Phase Il trials of MS-325.

Study Patient population Patients Results Ref.
(n) Accuracy-difference between MS-325 MRA & p-value
unenhanced MRA (%)
Bosch Known or suspected pedal 185 A +177 <0.01 (54]
et al. arterial disease B +7 0.126
C +13 0.004
Goyen Occlusive aortoiliac disease in 174 A +11.9 <0.01 (38]
etal. patients with known or suspected B +10.5 <0.01
peripheral vascular disease C  +131 <0.01
McGregor  Known or suspected renal 145 A +287 <0.001 (53]
etal. artery disease B +23.0 <0.001
C +284 <0.001
Rapp et al.  Occlusive aortoiliac disease in 274 A +10.6 <0.01 [39]
patients with known or suspected B +8.1 <0.01
peripheral vascular disease C +19.7 <0.01
Each study used 0.03 mmol/kg of MS-325 except Bosch et al. who used 0.03 mmol/kg (96 patients) or 0.05 mmol/kg (89 patients), the results presented are from
the group receiving 0.03 mmol/kg group, which was shown to be superior. The results show the percentage change in accuracy for each blinded reader (A, B and C)
for the MS-325-enhanced MRA compared with the noncontrast-enhanced MRA. A positive value denotes an improvement with MS-325.
MRA: Magnetic resonance angiography.
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B Whole-body MRA

In a study of 40 patients MS-325 performed
well compared with a double dose of gado-
pentetate dimeglumine for first-pass whole-body
MRA [42]. Quantitative assessment revealed rela-
tive contrast values that were significantly higher
with MS-325 in the vascular segments in the
supraaortic/thoracic and the abdominal regions.
However, the relative contrast values were lower
with MS-325 in the lower limb arteries. On
qualitative analysis, MS-325 also performed
well and appeared to be at least as good as gado-
pentetate dimeglumine. Klessen ez a/. also felt
that further optimization of the injection proto-
col may improve the results with MS-325 as the
flow rates used were based on experience with
extracellular contrast media [42].

Another study of 30 patients demonstrated very
high agreement between steady-state MRA with
MS-325 and DSA. Interobserver agreement was
excellent for aortoiliac and femoropopliteal disease
(Cohen’s k-values of 0.93 and 0.86, respectively)
and was less strong but remained good for infra-
popliteal disease (k-value of 0.78) (43]. The cor-
relation between whole-body DSA and MS-325
was not as good in another recent study (i-values
of 0.44 and 0.63 for two observers). However, this
was a small study of 11 patients and used first-pass
rather than steady-state imaging [44).

B Cardiac imaging

Coronary arteries

For free-breathing, high-resolution, 3D coron-
ary MRA, the use of intravascular contrast
agents may be helpful for contrast enhancement
between coronary blood and myocardium. In
six patients, 0.1 mmol/kg of the intravascular
contrast agent MS-325/AngioMARK® was given
intravenously followed by double-oblique, free-
breathing, 3D inversion-recovery coronary MRA
with real-time navigator gating and motion
correction [19]. Contrast-enhanced, 3D coron-
ary MRA images were compared with images
obtained with a T, prepulse without exogenous
contrast. The contrast-enhanced images demon-
strated a 69% improvement in the contrast-to-
noise ratio (6.6 + 1.1 vs 11.1 + 2.5; p < 0.01)
compared with the T, prepulse approach. By
using the intravascular agent, extensive portions
(>80 mm) of the native left and right coronary
system could be displayed consistently with sub-
millimeter in-plane resolution. The intravascular
contrast agent MS-325/AngioMARK leads to a
considerable enhancement of the blood/muscle
contrast for coronary MRA compared with
T, preparation techniques.
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Figure 3. Occlusive aortoiliac disease imaging. Images acquired from one
patient with (A) conventional XRA, (B) MS-325-enhanced MRA and

(C) unenhanced MRA. (D) A transverse reconstruction of the steady-state
MS-325-enhanced MRA is also shown, which demonstrates a stenosis in both

common iliac arteries (arrows).

MRA: Magnetic resonance angiography; XRA: X-ray angiography.
Reproduced with permission from [39] © Radiological Society of North

America (2005).

Coronary angiography with MS-325 has been
developed further by Prompona ez al. [45). This
study compared contrast-enhanced whole-heart
coronary MRA at 3 T using a 3D flash sequence
with inversion-recovery prepulse after MS-325
injection with coronary MRA at 1.5 T using a
3D steady-state free-precession sequence with
T, preperation techniques in a group of 20 vol-
unteers. Quantitative analysis demonstrated a
higher overall contrast-to-noise ratio between
coronary blood and myocardium with MS-325-
enhanced coronary MRA at 3 T. Qualitative
analysis also demonstrated an improved image
quality of the distal coronary segments compared
with noncontrast-enhanced steady-state free-
precession coronary MRA at 1.5 T in the same
group of volunteers. Similar findings were also
reported by Kelle ez a/. who found that MS-325
resulted in significant improvements in contrast-
to-noise, blood—myocardial contrast, image qual-
ity, visible vessel length and vessel sharpness over
noncontrast imaging at 1.5 T in 16 volunteers [46].
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Cardiac venous system

Gadofosveset has been successfully used to visu-
alize the cardiac venous system [4748]. For this
particular application, the use of T, shortening
contrast agents is one of the possible technical
solutions, since T, preparation techniques for
contrast generation are less effective on deoxy-
genated venous blood and a relatively long
acquisition time is needed for high-resolution
scans (FiGUres 4 & 5).

Left atrial imaging

MS-325-enhanced inversion-recovery steady-
state free-precession MRA of the left atrium
resulted in improved image quality on qualita-
tive assessment compared with a noncontrast
T, prepared MRA [49]. However, in this study,
five of the 15 patients enrolled were excluded as
a result of navigator efficiency of less than 35%.

W Carotid arteries

In a Phase II study, Bluemke ez a/. described
good sensitivity (100 and 63%) and specificity
(100 and 100%) using 0.01 and 0.03 mmol/kg
MS-325, respectively, with 3D spoiled-gradient
recalled-echo MRA compared with conven-
tional angiography for the detection of over 70%
carotid artery stenosis [50]. MRA was performed

during steady-state conditions of circulating con-
trast agent approximately 5 min after injection.
There was a trend toward increased accuracy at
lower doses but also more uninterpretable stud-
ies at the lower doses (although these were not
significant as it was a Phase II study with only
26 patients).

A subsequent study of 84 patients demon-
strated very high accuracy for grading stenosis
severity using MS-325 MRA compared with
digital subtraction angiography [s1]. Steady-state
image reading was superior to first pass (Ficurs 6)
but combining both resulted in sensitivity, speci-
ficity, positive and negative predictor values of
98, 100, 100 and 97%, respectively. Similarly
high accuracy was demonstrated in another
smaller study of 20 patients using steady-state
MS-325 enhanced acquisitions [s2].

B Renal arteries

MS-325 has also been used to improve renal
artery MRA in a Phase III multicenter trial
of 145 patients with known or suspected renal
arterial disease (see previously and Tasie 1) [53].
MS-325-enhanced MRA significantly improved
the sensitivity, specificity and accuracy compared
with nonenhanced MRA for the three readers.
The sensitivity, specificity and accuracy with

Figure 4. 3D reconstruction of the heart, showing the arterial and venous system.

Images were acquired at steady state after infusion of gadofosveset.

CS: Coronary sinus—great cardiac vein; LA: Left atrium; LAD: Left anterior descending coronary artery;
LCX: Left circumflex coronary artery; LM: Left main coronary artery; LV: Left ventricle; PIV: Posterior
interventricular vein; RA: Right atrium; RV: Right ventricle; U: U-turn of the CS around the LCX.

Reproduced with permission from [48].

Imaging Med. (2010) 2(4)
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Figure 5. Multiplanar and curved multiplanar reformatting showing the coronary
sinus—great cardiac vein and the left circumflex coronary artery. These images refer to the
same patient shown in Ficure 3. (A) Axial view of the heart showing the cardiac chambers with
superimposed (blue) a projection of the CS—GCV path. Note the high contrast between the vessels
and the myocardium. (B) Curved multiplanar reformatting of the CS—GCV. (C) Axial view of the
heart showing the cardiac chambers with a superimposed (blue) projection of the LCX path.

(D) Curved multiplanar reformatting of the LCX.

AO: Aorta; CS—GCV: Coronary sinus—great cardiac vein; LCX: Left circumflex coronary artery; LV: Left

ventricle; RA: Right atrium; RV: Right ventricle.

contrast were reasonably good (57-66, 77-83
and 73-79%, respectively) in this study. In
addition, the number of uninterpretable scans
decreased from 30% without contrast to less
than 2% following administration of MS-325.

B Pedal artery disease

Another Phase III study of 185 patients with
known or suspected pedal artery disease reported
that the accuracy of MS-325-enhanced MRA
(73—-81%) was significantly better than that
of unenhanced MRA (60—67%) (Tasie 1). The
sensitivity of MRA was good without contrast
(77-87%) and did not significantly improve
with the use of MS-325. It is worth noting that
in this population the specificity of unenhanced
MRA for the detection of over 50% stenosis
was poor (28-39%) and MS-325 MRA moder-
ate (60—66%) [54]. A decrease in the number
of uninterpretable studies was also noted with

future science group

0.03 mmol/kg of MS-325. This study also found
a dose of 0.03 mmol/kg of MS-325 to be safe as

well as reasonably effective.

m Other vasculature

There are also some limited retrospective data
from 25 patients, which suggest that motion-
compensated high-resolution steady-state MRA
of the thoracic vasculature using MS-325 offers
superior image quality compared with standard
firse-pass MRA [ss]. MS-325 may also improve
first-pass MRA of the hand; however, to date,
there are only data from a very small num-
ber of volunteers and no patients [56]. Finally,
Alonso-Burgos ez al. have reported some pilot
data that suggest that MS-325 MRA might be
useful for mapping the location and size of per-
forator vessels in superior gluteal artery perforator
and deep inferior epigastric artery perforator flaps
when planning reconstructive breast surgery [s7).

www.futuremedicine.com
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Figure 6. Carotid bifurcation imaging. (A) First-pass MS-325-enhanced
magentic resonance angiography (MRA), (B) steady-state MS-325-enhanced MRA,
(C) CT angiography and (D) digital subtraction angiography of the left carotid
bifurcation. First-pass MRA shows a 60% stenosis (arrow) whereas steady-state
MRA shows a 70% stenosis (arrow) and a small ulceration (arrowhead) not visible
with first-pass MRA. Both of these steady-state MRA findings were confirmed

at angiography.

Reproduced with permission from [52].

390

Therefore, clinical efficacy of MS-325 has
been demonstrated for a number of vascular
beds and early data relating to other regions of
the body suggest that the number of clinical
applications will continue to expand.

B Other potential clinical applications
Blood-pool contrast agents could offer signifi-
cant advantages when imaging smaller vessels
and vessels with slow or complex flow [1]. For
this reason, blood-pool contrast agents have been
proposed for perfusion imaging (s8], detection of
gastrointestinal bleeding [59] or tumor imaging
to demonstrate angiogenesis [60,61].

Safety & tolerability

The FDA has requested that a boxed warning
be added to the labeling of all Gd-based MRI
contrast agents marketed in the USA. This
applies also to gadofosveset. The boxed warn-
ing describes the risk for nephrogenic systemic
fibrosis in patients receiving these agents who
suffer renal dysfunction that meets one of the
following two conditions:

= Acute or chronic severe renal insufficiency
(i.e., where the glomerular filtration rate is
<30 ml/min/1.73 m?);

= Acute renal dysfunction caused by the
hepato-renal syndrome or in the periopera-
tive liver transplantation period of
any severity.

Imaging Med. (2010) 2(4)

In patients with renal insufficiency, acute
renal failure has occurred with the use of other
Gd agents. The risk of renal failure may increase
with increasing doses of Gd contrast. Patients
with these conditions should not be exposed
to gadofosveset except as recommended by
a physician.

In clinical trials, gadofosveset caused ana-
phylactoid and/or anaphylactic reactions in
two of 1676 subjects.

In clinical trials, a QT interval corrected
for heart rate change of 30-60 ms from
baseline was observed in 6% of patients at
45 min postinjection. This prolongation was
not associated with arrhythmias or other
symptoms [101].

Regulatory affairs
Gadofosveset is currently approved for MRA
in the USA and the EU.

To the best of our knowledge, no comparison
is available between gadofosveset and conven-
tional extracellular agents in terms of cost and
cost:efficacy ratio. As previously explained, the
use of blood-pool contrast agents can have some
limitations, particularly in patients requiring
an interstitial phase in Gd pharmacokinetics.
In these cases, the choice of the contrast agent
must be individualized based on the clinical
indication and, if an injection of intravascular
contrast agent is needed, a second scan with
an interstitial contrast agent might be needed
after a few days.

Conclusion & future perspective

Gadofosveset, the first Gd-based blood-pool
contrast agent approved for MRA, has the
potential to open new horizons in the diagno-
sis of vascular diseases, increase the robustness
of MRA and allow easier imaging of multiple
vascular beds. First approved in 2005, it has
shown to be useful for a broad and rapidly
evolving spectrum of clinical applications and
should allow us to address a number of new
clinical questions in cardiovascular medicine.
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Executive summary

= Magnetic resonance angiography has evolved to be a robust clinical tool, with improved performances of both hardware and software.

= The poor signal-to-noise-ratio remains an important physical limitation. T,-shortening contrast agents help increase the signal-to-noise-
ratio but conventional extracellular agents can only be injected in a limited dosage and this is followed by a rapid decrease in blood
concentration owing to redistribution in the extracellular space.

= Gadofosveset trisodium has been designed to overcome these limitations and offers:
— Binding to human albumin resulting in selective blood-pool enhancement;
— Reduced volume of distribution allowing the administration of a smaller amount of Gd,
— Very high relaxivity and very efficient T, shortening effect;
— Prolonged half-life, allowing prolonged acquisition time of multiple anatomic regions.
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