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ABSTRACT
We evaluated the use of Clariscan 0.75, 2, and 5 mg Fe/kg body weight in six
patients to determine optimal dosing for short repetition time cine imaging.
Breathhold cine images were acquired in the vertical and horizontal long axes and
the short axis. Blood-pool signal-to-noise ratio increased significantly in all planes
(p ⬍ 0.01) but was least marked in the short axis. Myocardial signal-to-noise ratio
increased by a lesser amount (p ⬍ 0.05). Myocardial to blood-pool signal-difference-to-noise ratio improved significantly in the long axes (p ⬍ 0.05) and was greatest at 2 mg Fe/kg body weight, but changes in the short axis were minor. With the
5-mg Fe/kg body weight dose, the response was reduced or reversed due to T2*
effects. Visual assessment improved in all planes (p ⬍ 0.05) and was optimal at 2 mg
Fe/kg body weight. In conclusion, Clariscan improves short repetition time cardiac
breathhold cine imaging, particularly in the long axis planes, with an optimal dose
of 2 mg Fe/kg body weight.
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INTRODUCTION
Cardiovascular magnetic resonance is an increasingly
useful tool for the accurate assessment of cardiac function and wall motion abnormalities in patients with cardiac disease (1–4). It is possible to acquire good quality
breathhold gradient echo (fast low angle shot [FLASH])
cine images in healthy subjects with normal cardiac function and blood flow who can cooperate with breathhold
instructions (5). However, in patients with impaired ventricular function, blood flow can be slow, leading to a
reduction in the quality of the images, which is exacerbated by difficulties in breathholding due to orthopnea
(6). These problems can interfere with the accurate measurement of ventricular volume and wall motion by reducing myocardium to blood-pool contrast, especially in
the apex and around the papillary muscles. In addition,
the increasing requirement for greater temporal resolution in stress studies during tachycardia (7,8) and the possibility of developing a three-dimensional volumetric
technique (9) have led to cine imaging with short repetition time (TR), which also exacerbates the problem.
One method to improve the blood-pool to myocardium contrast is to give a T1 shortening agent. Extravascular gadolinium contrast agents have been shown to be
effective (10), but the improvement in cine quality is
relatively modest and short lived, and a more ideal T1
shortening agent should be intravascular with a longer
duration of action. Clariscan (feruglose; Nycomed Amersham Imaging, Oslo, Norway) is an ultrasmall superparamagnetic iron oxide that remains in the intravascular
space. In normal subjects it has been shown to be safe
(11) and improves image quality and blood-pool to myocardium contrast (12). Clariscan has a prolonged half-life
of greater than 2 hr and has been shown to have potential
application for perfusion (13), function (12), and coro-

nary imaging (11). In this study we investigate the effects
of cumulative doses of Clariscan on breathhold short TR
gradient echo cine imaging in patients with impaired systolic ventricular function as part of a multicenter phase
2 study.

MATERIALS AND METHODS
Six patients with documented cardiac disease and a
mean ejection fraction of 36% (range, 22–56%; Table 1)
determined by radionuclide ventriculography were studied using a 1.5-T Edge scanner (Picker, Cleveland, OH).
The patients were all clinically stable and were recruited
from a cardiac outpatient clinic. All subjects gave informed consent, and the study was approved by the Hospital Ethics Committee. Safety follow-up was continued
for 72 hr after dosing.
Using initial scout images for orientation, baseline
breathhold FLASH cine images were acquired in the vertical long axis (VLA), horizontal long axis (HLA), and a
mid-ventricular short axis (SA) of the left ventricle. Then
Clariscan 0.75 mg Fe/kg body weight was administered
as a slow bolus via a cannula in the antecubital fossa.
After allowing 2 min for Clariscan to reach a steady-state
concentration within the blood, the breathhold cine scans
were repeated. After 20 and 40 min, further boluses were
given to a total dosage of 2 mg and 5 mg Fe/kg body
weight, and the scans were repeated at each dose increment. All images were acquired with electrocardiographic gating, and the breathhold duration was adjusted
according to the patient’s heart rate and ability to
breathhold. For each individual patient, the breathhold
duration was kept constant before and after each incremental dose.

Table 1
Patient Characteristics
Patient
1
2
3
4
5
6

Age (yr)

Sex

Ejection
Fraction (%)

Electrocardiogram

Heart Rate

Clinical
Diagnoses

59
77
66
51
80
66

M
M
M
M
M
M

22
30
23
56
52
34

SR
AF, LBBB
SR, LBBB
AF
SR, LBBB
SR

80
90
72
80
60
75

CABG; myocardial infarction
Myocardial infarction, heart failure
Aortic valve replacement, heart failure
Hypertension; cardiomyopathy
Aortic regurgitation
CABG, mitral regurgitation

SR, sinus rhythm; AF, atrial fibrillation; LBBB, left bundle branch block; CABG, coronary artery bypass grafts.
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Contrast Agent
Clariscan (feruglose, 30 mg Fe/ml) is an aqueous colloidal solution of nanosized superparamagnetic iron oxide particles (particle size of approximately 6 nm) with
an oxidized starch coating. The preparation exerts a relatively high T1 (r1 ⫽ 21.8 mmol⫺1sec⫺1) and a relatively
weak T2 relaxivity (r2 ⫽ 35.3 mmol-1sec⫺1) at 20 MHz,
37°C (14). Clariscan has intravascular distribution and a
plasma half-life time ⬎ 2 hr.
Imaging Protocol
Imaging was performed using a breathhold segmented
gradient echo FLASH sequence with a quadrature body
coil. Initial coronal and transverse pilot scans were used
to identify the VLA of the left ventricle, and then from
this scan the HLA and then SA were positioned (Fig. 1).
For each imaging plane the imaging parameters were as
follows: echo time (TE) 2 msec, TR 5 msec, flip angle
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35 degrees, slice thickness 8 mm, field of view 35–40 ⫻
40 cm, matrix 128 ⫻ 256, number of excitations 1, and
cine phases 12–20. The views per segment (six to eight)
depended on the patients’ heart rate and ability to
breathhold, and the total breathhold duration was 10–16
sec. For each patient, imaging parameters were identical
before and after contrast.
Image Analysis
The images were analyzed off-line using in-house
software, CMRtools ( Royal Brompton and Harefield
NHS Trust). A circular region of interest (5 mm in diameter) was positioned within the septum of the HLA and
SA images and the anterior wall for the VLA and the
mean myocardial signal intensity obtained. For all images, blood-pool signal intensity was measured by positioning a circular region of interest (5 mm in diameter)
within the blood pool. Noise was measured as the SD of
the signal in a rectangular region of interest (40 ⫻ 20

Figure 1. From an initial transverse pilot scan (a), the vertical long axis of the left ventricle can be acquired (b). From this, the
horizontal long axis (c) and the short axis (d) are obtained.
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mm) placed outside the phase encode artifact (12,15). For
each gradient echo image (VLA, HLA, and SA), a signalto-noise ratio was calculated for both the LV blood pool
and LV myocardium, at both end-diastole and end-systole, before and after each dose of Clariscan. After each
dose of Clariscan, a signal-difference-to-noise ratio
(blood-pool signal minus myocardial signal divided by
noise) was calculated for each image at end-diastole and
end-systole (6,16).
The images were independently assessed by two experienced observers, blinded to the dose of Clariscan received for each image, using the following visual scoring
system: 1, poor myocardial wall definition/blood pool
obscured; 2, reasonable myocardial wall definition/some
blood-pool blurring; 3, good myocardial wall definition/
minor blood-pool blurring; 4, very good myocardial wall
definition/no blood-pool blurring; 5, excellent wall
definition/no blood-pool blurring. The average score
from the two observers was used for the analysis. Although there was some variation in the imaging parameters between patients (field of view, views per segment,
number of cine phases acquired), the parameters were
held constant for any individual patient, and the differences in signal-to-noise ratio and contrast and image
quality could therefore be attributed to the contrast agent
alone.
Statistical analysis was performed using SPSS v9.0
(SPSS Inc., Chicago, IL). Because of the small number
of subjects studied, it was not possible to determine normality of the data and so nonparametric methods of analysis were used. The Friedman test was used to compare
myocardial signal-to-noise ratio, blood-pool signal-tonoise ratio, signal difference-to-noise-ratio, and visual
scores before contrast and with each dose of Clariscan.
If a significant difference ( p ⬍ 0.05) was obtained, a Wilcoxon signed rank test was performed between the precontrast result and each separate dose of Clariscan.

RESULTS
There were no serious adverse reactions to Clariscan.
In the six subjects studied there were no significant differences in heart rate, systolic or diastolic blood pressure,
or 12-lead electrocardiograms compared with baseline at
any of the three doses of Clariscan or over the followup period of 72 hr.
For all three imaging planes (HLA, VLA and SA),
Clariscan significantly ( p ⬍ 0.01) increased the mean
blood-pool signal-to-noise ratio compared with baseline
in both diastole and systole at all dose levels, with the

Figure 2. The percentage change in blood signal-to-noise ratio (SNR) after each dose of Clariscan compared with baseline is shown in diastole (top) and systole (bottom) for each
plane. The greatest increases are seen in the VLA and HLA
planes. The percentage change in the SA plane is smaller and
is below precontrast level at the 5-mg dose in diastole. The p
values shown refer to the Friedman test comparing baseline
with all dose groups for the percentage change in SNR.

exception of the SA 5-mg Fe/kg body weight dose (Fig.
2). The increase in signal-to-noise ratio was greatest in
the long-axis planes (range, 56–169%) compared with
the short axis (range, - 5% to 72%). Compared with the
unenhanced scan, myocardial signal-to-noise ratio also
increased significantly (15–61%, p ⬍ 0.05) and at all
dose levels in the VLA and SA, but the increase was of
a lower magnitude than for the blood pool (Fig. 3). In
the HLA, there was a slightly more variable response,
and although increases in signal-to-noise ratio were seen,
these just failed to reach statistical significance with the
small sample size in this study. Trends between diastole
and systole and between long- and short-axis planes were
less pronounced than for the blood pool.
The LV blood-pool to myocardium signal differenceto-noise-ratio for each dose of Clariscan at end-diastole
and end-systole for each image plane is shown in Fig. 4.
In the VLA, in systole, there was a significant increase
in the signal difference-to-noise-ratio with each dose of
Clariscan, but in diastole only the 0.75- and 2-mg Fe/kg
body weight doses showed improvement. In the HLA in
both diastole and systole, there was a significant increase
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Figure 3. The percentage change in myocardial signal-tonoise ratio (SNR) in both diastole (top) and systole (bottom)
compared with baseline is shown for each dose of Clariscan.
The changes in the VLA and SA were significant, and in the
HLA were borderline significant. Note that the vertical scale of
both graphs is greater than that shown in Fig. 2, indicating that
the signal increase in the blood pool is two to three times greater
than in the myocardium. The p values shown refer to the Friedman test comparing baseline with all dose groups for the percentage change in SNR.
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Figure 4. The percentage change in signal difference-to-noise
ratio (SDNR) in both systole (top) and diastole (bottom) compared with baseline is shown for each dose of Clariscan. For
the VLA and HLA significant improvements are seen with optimal improvements at 2 mg Fe/kg body weight. For the SA there
are no improvements after Clariscan, and the 5-mg dose
shows a significant worsening of SDNR. *p ⬍ 0.05 for improvement, #p ⬍ 0.05 for worsening of SDNR versus baseline.

all three slices before and after Clariscan 2 mg Fe/kg
body weight.
in the signal difference-to-noise-ratio with each dose of
Clariscan. In the SA, the diastolic signal difference-tonoise-ratio before and after Clariscan was unchanged for
the 0.75- and 2-mg Fe/kg doses compared with precontrast, and at 5 mg Fe/kg the signal difference-to-noiseratio was reduced. At end-systole, only the 2-mg Fe/kg
dose showed a significant improvement in signal difference-to-noise-ratio.
The results for the visual analysis are displayed in Table 2 for both diastolic and systolic images. The visual
analysis scores after Clariscan were significantly better
( p ⬍ 0.05) for all doses in the VLA and HLA planes
except for the 5-mg dose in the VLA plane at end-diastole. In the SA plane, in diastole, there was no significant
improvement after the 0.75- and 2-mg Fe/kg body weight
doses and a significant deterioration after the top dose.
In the SA plane, in systole, only the 2-mg Fe/kg dose
showed a significant improvement in image quality. Optimal quality scores were found in all planes at the 2-mg
Fe/kg dose. Sample images are displayed in Fig. 5 for

DISCUSSION
Breathhold gradient echo cine images are commonly
used in cardiovascular magnetic resonance for the assessment of ventricular function. Quantitative analysis of the
cine images forms the basis of left and right ventricular
ejection fraction determination (17) used in patients with
heart failure and in patients with regurgitant cardiac
valves. In addition, a qualitative assessment of myocardial wall motion abnormalities in myocardial hibernation
studies, cardiomyopathies, and myocardial ischaemia is
an important part of the clinical diagnosis (18,19). Both
approaches require good myocardial to blood-pool border
definition. However, many of these patients will have impaired ventricular function, with abnormally slow-flowing blood leading to reduced inflow enhancement and
poor myocardium to blood-pool contrast. The situation
is further exacerbated by short TR imaging required for
high temporal resolution studies to enable the acquisition
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Table 2
Visual Scores
Diastole

Systole

Mean
Visual Score

VLA

HLA

SA

VLA

HLA

SA

Precontrast
0.75
2.0
5.0
Friedman test

1.8
3.3*
4.1*
2.8
0.006

1.3
3.3*
3.9*
3.5*
0.002

2.9
3.3
3.2
2.1†
0.005

1.3
2.8*
3.9*
3.3*
0.001

1.0
2.8*
3.9*
3.8*
0.001

2.1
2.6
3.2*
2.9
0.014

The mean visual score for each image plane (VLA, HLA, SA) and at each dose is shown. The optimal score
occurred with the 2-mg Fe/kg body weight dose in all planes.
* p ⬍ 0.05 for improvement.
† p ⬍ 0.05 for worsening of cine score vs. baseline, Wilcoxon signed rank test.

of an adequate number of cine phases through the cardiac
cycle during dobutamine stress testing when heart rates
of 120–140 beats/min are typical. The performance of
three-dimensional volumetry causes similar problems.
Although the blood-pool/myocardium contrast may be
improved by implementing a short TE/short TR steadystate free precession type sequence (20), these have not
yet been validated in human LV studies. An alternative
method is to give an intravascular contrast agent that reduces the T1 of blood compared with myocardium and
allows non–first-pass imaging with a segmented FLASH
sequence.

In an earlier study, we demonstrated that Clariscan
could improve cine images in healthy volunteers with
normal cardiac function and blood flow (12). However,
in that study although Clariscan improved gradient echo
and spin echo images, a dose–response relationship for
Clariscan was not obtained and the effects in the long and
short axes of the heart were not assessed. In this study,
incremental doses of Clariscan were assessed up to a total
dose of 5 mg Fe/kg body weight. The long half-life of
this agent makes it unlikely that the effects observed
would differ substantially from those observed after the
administration of a single dose of the same magnitude.

Figure 5. Example of the improved image quality of the VLA, HLA, and SA planes (Clariscan 2 mg Fe/kg). Top: precontrast;
bottom: postcontrast.
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In this study, Clariscan produced a marked increase in
the LV blood-pool signal-to-noise ratio in all planes and
doses used (except for 5 mg Fe/kg in the diastolic SA
view). This was most striking in the long-axis planes
where blood flow is known to be more in-plane compared
with the short axis, and signal-to-noise ratio increases up
to 168% were found. In general, the signal-to-noise ratio
increased to a plateau with the second dose of Clariscan
(2 mg Fe/kg) and then declined for the 5-mg Fe/kg dose.
There was also an increase in myocardial signal-to-noise
ratio across all three doses of Clariscan, but this rise was
of generally lower magnitude than for the blood pool.
Overall, the LV blood-pool to myocardial signal difference-to-noise-ratio, which is a measure of the contrast
between LV blood and myocardium independent of display, showed significant improvements, especially with
the lower doses. For both long-axis planes, there was a
large and significant increase in the signal difference-tonoise-ratio in both diastole and systole for the 0.75- and
2-mg Fe/kg doses compared with the unenhanced scan.
This was also demonstrated with the visual analysis
scores (Table 2). Using Clariscan in two cases, it was
possible to clearly delineate LV apical aneurysms that
could not be seen before contrast. There appeared to be
no benefit from increasing the Clariscan dose to 5 mg
Fe/kg, and in most cases there was a deterioration in both
signal difference-to-noise ratio and image quality. This
may be due to the T2* effects of Clariscan that have been
observed in previous studies with higher doses (13,21).
This was observed in our study despite using a sequence
with a short TE designed to minimize the T2* effects. In
the SA plane, the blood-pool signal difference-to-noise
ratio was high at baseline due to the through-plane blood
inflow, and therefore the effects of Clariscan in this plane
were not as large as in the VLA and HLA, but a significant improvement at 2 mg Fe/kg was seen in systole. On
visual analysis scores, Clariscan produced nonsignificant
improvements but reduced the blurring of borders seen
in patients with slow blood flow.

CONCLUSION
In this study of patients with abnormal systolic ventricular function, Clariscan significantly increased bloodpool signal-to-noise ratio and blood-pool to myocardium
signal difference-to-noise ratio. It also improved subjective image quality and delineation of the LV endocardial–blood-pool border. The optimal dose at 1.5 T was
2 mg Fe/kg body weight. There was no further improvement at higher doses, probably due to T2* effects. It is
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possible that these improvements might prove useful for
dobutamine stress cine studies and improve automated
border detection software for the quantification of LV
volumes. Three-dimensional LV volume studies might
also be developed to improve slice to slice registration
that can be problematic with the multiple two-dimensional breathhold approach with variable diaphragm positions between breathholds, unless navigator techniques
are used (22). The drug was safe, easy to use, and allowed
imaging for up to 60 min after intravenous injection.
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