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Slow Clearance Gadolinium-Based Extracellular
and Intravascular Contrast Media for Three-
Dimensional MR Angiography
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The objective of this study was to assess two new slow-clear-
ance contrast media with extracellular and intravascular dis-
tribution for magnetic resonance angiography (MRA). Extra-
cellular Gd-DTPA-BC2glucA and intravascular Gd(DO3A)3-
lys16 were developed within the European Biomed2 MACE
Program and compared with two reference compounds, in-
travascular CMD-A2-Gd-DOTA and extracellular GdDOTA, in
12 rats. Pre- and post-contrast three-dimensional MR (TR/
TE 5 5 msec/2.2 msec; isotropic voxel size 0.86 mm3) was
acquired for 2 hours. Signal-to-noise enhancement (DSNR)
was calculated. Two minutes after injection, all contrast me-
dia provided strong vascular signal enhancement. The DSNR
for Gd-DTPA-BC2glucA, Gd(DO3A)3-lys16, CMD-A2-Gd-DOTA,
and GdDOTA were 13.0 6 1.8, 25.0 6 3.2, 25.0 6 4.0, and
18.0 6 3.4, respectively. Gd-DTPA-BC2glucA, Gd(DO3A)3-
lys16, and CMD-A2-Gd-DOTA cleared slowly from the circula-
tion, whereas GdDOTA cleared rapidly. Vascular DSNR at 2
hours were 2.9 6 0.6, 25.0 6 3.2, 25.0 6 4.0, and 0.4 6 1.0.
Gd(DO3A)3-lys16 provided strong vascular and minor back-
ground enhancement, and thus may be useful for MRA or
perfusion imaging. Gd-DTPA-BC2glucA produces persistent
enhancement of extracellular water, and thus may allow
quantification of extracellular distribution volume and as-
sessment of myocardial viability. J. Magn. Reson. Imaging
2001;13:588–593. © 2001 Wiley-Liss, Inc.
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MAGNETIC RESONANCE (MR) contrast media with
prolonged vascular enhancement is desirable for spe-
cific applications such as perfusion assessment (1), an-

giography (2), or clear delineation of the endocardial
border (3).

Various contrast media for prolonged vascular en-
hancement have been studied. None, however, has
achieved clinical approval yet. Intravascular contrast
media may be classified as macromolecules with slow
or rapid clearance (4,5), particles (6), or small molecules
(7,8) that bind to intravascular macromolecules.

Gadolinium-labelled macromolecules have been in-
vestigated in the past (4,5). Particles such as ultrasmall
supraparamagnetic iron oxide particles (USPIO) (9)
have entered clinical trials and are already under inves-
tigation for MR angiography (MRA) (2,10), assessment
of myocardial perfusion (1), or imaging of coronary ar-
teries in patients (11). Moreover, small molecular com-
pounds with high affinity to intravascular macromole-
cules and thus predominant intravascular distribution,
such as MS325 (AngioMARK™), have been used for
coronary MRA (12). These authors consistently dis-
played extensive portions of the native left and right
coronary system with sub-millimeter in-plane resolu-
tion (12). Moreover, this contrast media provided strong
blood/muscle contrast and clear definition of the myo-
cardial border (12).

Concerns about an undesired immune response to
the carrier molecule and some characteristics of depo-
sition or retention of gadolinium ions have hindered
clinical applications of gadolinium-labelled macromol-
ecules (13–15). With USPIO, the desired T1 shortening
is associated with an undesired susceptibility effect
that can deteriorate image quality and make imaging of
small vessels and tissue perfusion difficult (10). This
limitation becomes more important at higher field
strengths, since the ratio T1/T2* increases with increas-
ing field strengths. Moreover, the problem of in vivo
labelling of intravascular macromolecules with small
gadolinium-based compounds is that the amount of
unbound low molecular contrast media that has access
to the interstitial space is not clearly defined. Circula-
tion of low molecular weight contrast media would be
expected to enhance background tissue, resulting in
blurring of angiograms and making perfusion assess-
ment difficult.
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The purpose of the current study was to assess the
value of two novel slow clearance intravascular and
extracellular contrast media for MRA.

MATERIALS AND METHODS

Contrast Media

Gd-DTPA-BC2glucA was synthesized as previously de-
scribed by Colet et al (16) by adding glucose moieties to
the extracellular contrast agent Gadopentetate dime-
glumine (GdDTPA; Magnevist™, Schering, Germany).
This compound is filtrated in the glomerula and almost
completely recovered by reabsortion in the renal tu-
bules (16). Pharmacokinetic studies previously demon-
strated a long blood half life of 289 minutes (16). Con-
trast media was administered at a dose of 0.1 mmol/kg
bodyweight.

Gd(DO3A)3-lys16 is a slow clearance blood pool agent
and was prepared starting from diethyl squarate. The
synthesis was based on the ability of the squaric acid
moiety to act as a linker between the DO3A chelate and
the polylysine (17). The relaxivity at 20 MHz and 25°C is
15.6 mM-1 s-1.

CMD-A2-Gd-DOTA (P717, a research compound
from Guerbet, France) is a slow clearance blood-pool
agent comprised of a carboxymethyl-dextran polymer
substituted with the paramagnetic macrocyclic com-
plex Gd-DOTA using an amino spacer (18,19). The mo-
lecular weight is 50.5 kDalton, the relaxivities mea-
sured at 60 MHz, 37°C are r1 5 9.4 and r2 5 15 mM-1 x
s-1 (19). The elimination half life is . 180 minutes. This
contrast media was tested at a dose of 30 mmol/kg
bodyweight.

GdDOTA (Meglumin-godaterate, commercially avail-
able DOTAREM; Guerbet, Aulnay-Sous-Bois, France) is
a standard extracellular contrast media frequently
used for contrast-enhanced MRA. The molecular weight
is 0.56 kDalton, the relaxivities measured at 60 MHz
and 37°C are r1 5 2.9 and r2 5 4.5 mM-1 x s-1, respec-
tively.

Experimental Protocol

All experimental procedures were performed in accor-
dance with the Federal Veterinary Office guidelines for
humane handling of animals and received prior ap-

Figure 1. Representative source images acquired 2 minutes after injection of contrast media. Note that all images are displayed
with identical window and center settings. All contrast media provided strong vascular enhancement. GdDTPA- BC2glucA and
GdDOTA produced considerable background enhancement. Contents of the gastrointestinal tract with short T1 can be seen.
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proval from the committee of animal research at the
University of Basel. Twelve female Sprague-Dawley rats
(270–340 g; RCC Ltd, CH-4414 Füllinsdorf) were anes-
thetized with pentobarbital (50 mg/kg). A tail vein was
cannulated with a Butterfly™-23 winged needle infu-
sion set for application of contrast media during exper-
iments and a lethal dose of pentobarbital (100 mg/kg)
was given upon completion of MR experiments.

Magnetic Resonance Imaging

Magnetic resonance imaging was performed using a
phased array extremity coil with a 1.5-Tesla magnet
(Magnetom Vision; Siemens Erlangen, Germany). Pa-
rameters of the three-dimensional ungated spoiled gra-
dient-echo imaging sequence were as follows: TE 5 2.2
msec, TR 5 4.98 msec, flip angle 40°, 8 acquisitions,
matrix 96 3 256, slab thickness 60 mm, 70 partitions,
voxel size 0.86 3 0.86 3 0.86 mm3, field of view (FOV)
82.5 3 220 mm, 70 contiguous partitions, acquisition
time 4.27 minutes. Acquisition was done in the coronal
plane of the animals to cover a large volume of the major
vessels in the plane of the partitions. Three-dimen-
sional MR images were acquired before contrast admin-

Figure 2. Representative source images acquired 122 minutes after injection of the contrast media. Note that all images are
displayed with identical window and center settings. Persistent vascular enhancement was seen with GdDTPA- BC2glucA,
Gd(DO3A)3-lys16, and CMD-A2-Gd-DOTA, whereas GDDOTA had cleared from the circulation.

Figure 3. DSNR of blood plotted over time after injection of
Gd(DO3A)3-lys16, CMD-A2-Gd-DOTA, GdDTPA-BC2glucA, or
GdDOTA in a tail vein (N 5 3 each compound).
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istration and at 2, 12, 22, 32, 42, 52, 62, 72, 82, 92,
102, 112, and 122 minutes after contrast injection.

Data Analysis

For quantitative data analysis, the signal intensity (SI)
in defined regions of interest (ROI)was measured on
source images before and after contrast administration.
The ROI in vessels contained at least five pixels to avoid
partial volume effects. In skeletal muscle, ROI were
chosen to contain a minimum of 50 pixels, and visible
vascular structures were avoided. Noise was defined as
SI in an ROI contained within the FOV, but outside the
animal. The signal-to-noise ratio (SNR) was calculated
as signal of a given tissue divided by the standard de-
viation of the noise. DSNR was calculated as SNRpost

minus SNRpre contrast administration. All values are
reported as mean 6 standard error of the mean. Differ-
ences in SI and SNR were evaluated statistically by
means of a paired Student’s t-test. A P value of , 0.05
was considered significant.

RESULTS

All four tested contrast media were well tolerated by all
animals. Figures 1 and 2 show representative source
images at 2 minutes and 2 hours after injection of the
four different gadolinium-based contrast agents. Im-
ages were not processed and are displayed with identi-
cal window and level settings.

Typical features of extracellular contrast media were
observed with Gd-DTPA-BC2glucA and GdDOTA at 2
minutes after injection. At 2 minutes after injection,
both compounds provided strong vascular enhance-
ment (DSNRAo 5 13.0 6 1.8 and 18.0 6 3.4, respec-
tively) and diffuse background enhancement of skeletal
muscle (DSNRSM 5 2.0 6 0.4 and 2.1 6 0.4, respec-
tively) and subcutaneous tissue. Two hours after injec-
tion, Gd-DTPA-BC2glucA provided persistent enhance-
ment, whereas GdDOTA-enhanced three-dimensional-
MRA had almost returned to baseline values (DSNRAo 5
2.9 6 0.6 and 0.4 6 1.0) (Fig. 2). Within 2 hours,
DSNRAo of Gd-DTPA-BC2glucA and GdDOTA enhanced

3D-MRA declined by 22.3% and 97.8%, respectively
(Fig. 3).

Gd(DO3A)3-lys16 and CMD-A2-Gd-DOTA demon-
strated a typical intravascular distribution pattern with
strong vascular (DSNRAo 5 25.0 6 3.2 and 25.0 6 4.0)
and only minor background (DSNRSM 5 0.5 6 0.0 and
0.9 6 0.1) enhancement (Fig. 4). Both contrast media
cleared slowly from the circulation. Two hours after
injection, DSNRAo were 14.0 6 0.3 and 8.3 6 2.3, which
were 56.0% and 33.2% of 2 minute values, respectively.
Strong vascular and little background enhancement
allowed clear delineation of vascular structures on
maximum intensity projections (Fig. 5).

DISCUSSION

Intravascular Contrast Media

Gd(DO3A)3-lys16 and CMD-A2-Gd-DOTA provided
strong and prolonged enhancement of the blood pool
with minor enhancement of background tissue such as
skeletal muscle. Among the macromolecular carriers
available for coupling with contrast agents, dextran de-
rivatives have many advantages such as biocompatibil-
ity, solubility, versatility of chemical activation, and the
availability of different molecular weights. On the other
hand, the main disadvantage of the dextrans is their
polydispersity. In the current study, CMD-A2-Gd-

Figure 4. DSNR of skeletal muscle 2 minutes after injection of
the contrast media. GdDOTA (N 5 3) and GdDTPA-BC2glucA
(N 5 3) provided substantial enhancement of skeletal muscle,
which is consistent with extracellular distribution. CMD-A2-
Gd-DOTA (N 5 3) and Gd(DO3A)3-lys16 (N 5 3) produced only
minor background enhancement, which is consistent with a
predominantly intravascular distribution.

Figure 5. Maximum projection image from three-dimensional
MR acquired 2 minutes after injection of Gd(DO3A)3-lys16.
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DOTA showed some background enhancement that
may be ascribed to the polydispersity of the compound
(18). Several pathways for transport through the vas-
cular endothelium are possible. Small molecules are
generally transported via intercellular junctions, but as
the molecular weight increases, other pathways come
into play, such as vesicular transport (20). Dextran is
mainly eliminated through the kidneys. Molecules with
molecular weights lower than about 15 kDalton pass
freely through glomerular filtration with a clearance
equal to that of endogenous creatinine. The passage of
larger molecules is more restricted, and dextrans with
molecular weights above 50 kDalton are practically not
excreted, but are completely eliminated from the blood
stream by biodegradation. CMD-A2-Gd-DOTA may be
useful for MRA. However, its value for qualitative as-
sessment of the intravascular distribution volume or
perfusion is limited because distribution volume and
arterial input function are not clearly defined, since
some gadolinium-labelled dextran polymers have ac-
cess to the interstitial space, while others do not.

Extracellular Contrast Media

Both Gd-DTPA-BC2glucA and GdDOTA provided strong
vascular and diffuse background enhancement. Unlike
GdDOTA, however, Gd-DTPA-BC2glucA cleared slowly
from the circulation, which is in agreement with previ-
ous reports (16). Thus, the addition of sugar moieties to
the extracellular contrast agent GdDTPA efficiently re-
duces the rate of its renal excretion (16). This effect is
modulated by the length of the linker separating the
sugar from the DTPA (16).

The substantial background enhancement of Gd-
DTPA-BC2glucA may not be ideal for MRA. Its slow
clearance, however, is favorable for measurement of
extracellular space and assessment of myocardial via-
bility. Arheden et al (21,22) and Pereira et al (23,24)
demonstrated that the increase of the fraction of non-
viable myocytes is paralleled by an expansion of the
extracellular distribution volume from 18% in normal
myocardium and . 80% in infarcted myocardium (21).
Measuring the extracellular space with a rapidly clear-
ing standard extracellular contrast agent, however, is
difficult (25,26). If the exchange rate between infarc-
tion, normal myocardium, and blood is slower than the
clearance rate, equilibrium distribution may not be
achieved. Thus, Gd-DTPA-BC2glucA, with slow clear-
ance from the circulation, would be expected to allow
better quantification of the extracellular distribution
volume than GdDOTA.

CONCLUSIONS

Both Gd(DO3A)3-lys16 and Gd-DTPA-BC2glucA are slow
clearance contrast media. Gd(DO3A)3-lys16 provides
strong vascular and minor background enhancement,
and thus may be helpful for three-dimensional MRA.
Gd-DTPA-BC2glucA, on the other hand, distributes in
the extracellular space and may be useful for quantifi-
cation of the extracellular distribution volume and as-
sessment of myocardial viability.
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