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ABSTRACT

Purpose. To compare three k-space sampling schemes in cine True-FISP cardiac
magnetic resonance imaging and to evaluate changes in calculated quantitative
functional cardiac parameters as a function of underlying k-space sampling
techniques. Material and Methods. Using a 1.5 T MR imaging system (Magnetom
Sonata, Siemens Medical Solutions, Erlangen, Germany), three k-space data-sampling
schemes: rectilinear (2.96 ms/1.58 ms/70°/12 s TR/TE/FA/AcquisitionTime), and two
radial k-space acquisitions, with filtered back-projection (RADIAL) (2.45 ms/1.25 ms/
50°/3.3 s TR/TE/FA/AT), and steady-state projection imaging with dynamic echo-
train readout (SPIDER) (3.39 ms/1.62 ms/55°/1.8 s TR/TE/FA/AT) of a True-FISP
sequence were applied in 10 healthy volunteers. Long- and short-axis breath-hold
series were acquired and signal-to-noise ratios (SNR) for blood and myocardium were
determined, as was contrast-to-noise ratios (CNR). Quantitative cardiac functional
analysis included: determination of end-systolic/end-diastolic volumes, ejection
fraction, and left ventricular mass. Functional analysis was performed by two
independent readers three times for each volunteer and k-space sampling strategy.
Statistical analysis evaluated the accuracy of the measurements obtained from each of
the three sampling techniques and the intra- and interobserver reliability. Results.
Intraobserver and interobserver reliability measures of functional data were
homogeneous without statistically significant differences. Intraobserver correlation
coefficients ranged from 0.94-0.99; interobserver correlation coefficients ranged
from 0.97-0.99. Direct comparison of SPIDER- and RADIAL-sampled True-FISP
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sequences showed no statistically significant differences in measured functional
parameters with interstudy correlation coefficients from 0.88—-0.98. RADIAL and
SPIDER images had better temporal resolution and were qualitatively judged to
provide superior wall/blood border definition. Statistically significant differences were
identified in each volumetric functional parameter when results from the rectilinear
sampling acquisitions were compared with either radial or SPIDER sampling
techniques. RADIAL and SPIDER results were consistently higher than volumetric
measures obtained from the rectilinear data set. Conclusion. Employing faster
sampling schemes led to enhanced signal homogeneity while maintaining the
necessary CNR for estimation of functional cardiac parameters. Enhanced signal
homogeneity and maintained CNR will most likely improve the accuracy of the
cardiac functional parameter determination.
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INTRODUCTION

Magnetic resonance imaging (MRI) has the
potential to provide high-resolution images of the heart
at any point in the cardiac cycle. Its ability to provide
excellent contrast between the epicardium, myocardi-
um, and ventricular blood pool, as well sufficient
spatial resolution to differentiate between papillary
muscles and myocardium, establishes cardiac MR as a
completely non-invasive method for visualizing ven-
tricular structures. In particular, the end-diastolic (ED)
and end-systolic (ES) left ventricular volumes, as well
as derived ratios such as ejection fraction (EF) and left
ventricular myocardial mass (LMM), are important
indicators and predictors of heart failure that can
already be measured in MR (Hammermeister et al.,
1979; Utz et al., 1987).

The effort to develop sequences suitable for cardiac
imaging has repeatedly come up against the fact that
temporal resolution and spatial resolution are competing
objectives in cardiac MRI. The introduction of both
prospective and retrospective cardiac gating has offset
the effects of cardiac motion and has led to gains in
spatial resolution (Lanzer et al., 1984; Lenz et al., 1989).
The advent of steady-state imaging with refocusing
gradients along all axes during any repetition time (TR)
(ak.a., True-FISP) permits high resolution imaging at
short scan times. These sequences have increased
temporal resolution of cardiac MR and have exploited
differences in relaxation rates between the blood pool
and myocardium (Suga et al., 1999).

Rectilinear k-space sampling schemes require
multiple cardiac cycles for an interleaved filling of
k-space to finally reconstruct multiple images of a
heart contraction. On the other hand, implementation of
radial k-space acquisitions with filtered back-projection
(RADIAL) and steady-state projection imaging with
dynamic echo-train readout (SPIDER), allow the

acquisition of an image series in exactly one heart-
beat per short-axis location utilizing a sequential fill-
ing of k-space for each image due to an accelerated,
nonrectilinear and sparse sampling of k-space.

In this prospective study, we sought to compare
ECG-gated rectilinear k-space sampling scheme ac-
quired over several cardiac cycles with faster real-time
radial sampling strategies, such as RADIAL and
SPIDER techniques, to determine whether the inherent
decrease in spatial resolution would yield a difference
in measured functional cardiac parameters, while
each image data set is acquired with a similar True-
FISP method.

MATERIALS AND METHODS
Volunteers

Imaging experiments were performed under a
protocol approved by the institutional review board
for human investigation at our institution. After
obtaining informed written consent, 10 healthy volun-
teers, 7 males and 3 females, underwent MR imaging.
The males ranged in age from 24—40 years, mean age
32.3; the females ranged in age from 23-34 years,
mean age 26.7. The volunteers had no history of
cardiac disease and had normal findings at physical
examinations within one year of the investigation. For
all subjects, MR-compatible ECG electrodes were
placed on the chest before imaging and were attached
to the MR imaging unit for electrocardiographic gating.

MR—Technique
All imaging was performed on a 1.5 T imaging sys-

tem (Magnetom Sonata, Siemens, Erlangen, Germany)
equipped with high-performance gradients with a
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maximum amplitude of 40 mT/m and maximum slew
rate of 200 mT/m/ms using a four-channel torso
phased-array coil. Two long-axis and sufficient short
axis breath-hold cine image series to cover the whole
left ventricle were acquired with each method with the
same spatial resolution of 5-mm slice thickness and
3 mm gap and the field of view kept constant for all
three sampling schemes of 250-300*300 mm. Fast
imaging with steady-state precession with balanced
gradients in all spatial directions (True-FISP), was
utilized employing the following three k-space sam-
pling schemes:

1. Rectilinear sampled True-FISP: TR/TE 2.96/
1.58 ms; flip angle 70°, number of signal
averages 1; matrix size 208%256; in-plane
spatial resolution 1.38 mm; acquisition time
per cine frame and heartbeat 47.5 ms, however
15 heartbeats are necessary for complete
interleaved filling of k-space; total acquisition
time of 15 heartbeats, approximately 12—15 s.
Prospectively cardiac gated. A linear k-space
reordering scheme with Cartesian, horizontal
k-space trajectories was employed. This clin-
ically utilized sequence and k-space sampling
scheme were regarded as the gold standard for

analyzing the performance of the accelerated
k-space reordering schemes (Lee et al., 2002).

2. Radially sampled True-FISP: TR/TE 2.45/
1.25 ms; flip angle 50°, number of signal
averages 1; matrix size 52*128, however,
employing 50% view, sharing, thereby dou-
bling the matrix size; in-plane spatial resolu-
tion 2.34 mm; acquisition time per sequential
cine frame 82.5 ms; total acquisition time 3.3 s.
No cardiac gating. Radial k-space coverage
involves obtaining polar trajectories resulting
in a sparse sampling of k-space (Moriguchi
et al., 2000), however with inherent over-
sampling of the low spatial frequencies
(Shankaranarayanan et al., 2001).

3. SPIDER sampled True-FISP: TR/TE 3.39/
1.62 ms; flip angle 55°; number of signal aver-
ages 1; matrix size 32*128 utilizing 50% view
sharing; in-plane spatial resolution 2.34 mm;
acquisition time per sequential cine frame
90 ms; total acquisition time 1.8 s. No cardiac
gating. To acquire a larger number of radial
k-space samples per unit time, a single full-
echo pulse plus two asymmetric echoes were
recorded. In this sequence, the first and third
neighboring echoes asymmetrically sampled

Table 1. Arithmetical meanz+standard deviation (range).

Quantitative analysis

Signal intensities

Sampling schemes

RADIAL SPIDER

Rectilinear
SIgicod 395.40+36.30 (309.5-487.7)
SImyocardium 87.64+21.65 (53.4—131.9)
SInoise 65.08+13.36 (23.2-92.1)
SNRg1004 29.06+3.12 (15.0-55.1)
SNRutyocardium 6.58+1.33 (1.5-16.9)

CNRBlood/Myucardium 22.34+3.91 (162—293)

78.07+6.32 (64.6-91.9)
27.66+5.19 (21.4-36.2)
15.92+4.58 (6.7-26.4)
17.01+2.58 (7.4-31.4)
6.04+2.24 (1.2—14.4)
10.55+2.08 (8.0—14.6)

154.67+9.16 (135.5-172.5)
54.12+7.93 (46.6-70.1)
20.63+5.54 (9.97-34.1)
27.88+5.64 (9.3-5.6)
9.77+3.54 (1.9-31.6)
17.01+5.76 (8.25-27.95)

Statistical analysis of signal intensities

Sampling schemes

Rectilinear vs. RADIAL

Rectilinear vs. SPIDER RADIAL vs. SPIDER

SNRgi00a <0.001*
SNRMyocardium 0.3933
CNRBI()()d/Myocardium <0.001*

0.2802 <0.001*
0.001* 0.002*
0.0500 <0.001*

Abbreviations: Sl—signal intensities; SNR—signal-to-noise ratios; CNR—contrast-to-noise ratios.
*Student’s T-test detected statistically significant differences (p<.05).
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69 of 128 readout points, whereas the second
echo sampled all 128 readout points (Larson
and Simonetti, 2001).

Quantitative Analysis

The background signal intensity, as well as the
signal intensities of intraventricular blood pool and
septal, apical, and lateral myocardium were measured
on corresponding long-axis data sets in all frames in a
cardiac cycle. Regions of interest (ROIs) were placed
on homogeneous structures in artifact-free zones. ROIs
for background signal intensity included at least 500
pixels and were placed anterior to the chest wall; ROIs
for blood and septal, apical, and lateral myocardium
intensities included at least 20 pixels. For the intensity
measurements on each frame, three separate ROIs from
different areas were evaluated and the results averaged.
Mean background noise was measured for each frame
along the phase-encoding axis for rectilinearly sampled
images, and in areas of no inherent signal for radial
and SPIDER schemes. For all image data sets, the
signalyooq-to-noise ratios were calculated following the
standard formula:

SI\IRblood = SIblood/ SDnoise

Accordingly, the signalyyocardium-to-noise ratios were
evaluated:

SNRmyocardium = SImyocardium/ SDnoise

The blood—myocardial contrast-to-noise ratios were
computed as

CNR = (Slblood - Slmyocardium)/SDNoise

Figure 1. Horizontal long-axis MR images in a healthy
volunteer. True-FISP cine imaging during ED phase. (A)
Rectilinear k-space sampling of multiple cardiac gated heart-
beats showed the highest signal intensity for blood and
myocardium as well as contrast-to-noise ratio. Note the motion
artifacts in the septal and apical myocardial portion (arrows in
magnified inlay). (B) The SPIDER sampling scheme presented
blood intensity values without significant differences when
compared to the rectilinear sampling scheme; however, there
was an increase in noise. Note the well-demarcated myocardial
structures imaged during one heartbeat (arrows in magnified
inlay) are distinct enough for precise automatic segmentation
of endocardial and pericardial interfaces. (C) The RADIAL-
sampled True-FISP sequence demonstrated a relative loss of
signal intensity in the blood pool with an additional increase of
noise when compared to either rectilinear or SPIDER sampled
sequences. The myocardium, however, is presented sufficient-
ly well demarcated (arrows in magnified inlay) for successful
automatic segmentation of endocardium and pericardium.
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Table 2. Mean standard deviation of observed intraobserver differences with associated 95% confidence interval (CI).

Functional analysis—intraobserver reliability

Sampling schemes

Rectilinear

RADIAL SPIDER

ED left ventricular volume
ES left ventricular volume
Left ventricular Mass

Left ventricular EF

1.18 ml (CI 0.87-1.49 ml)
1.07 ml (CI 0.83-1.32 ml)
1.28 g (CI 0.90-1.66 g)
1.33% (CI 1.00—1.66%)

1.30 ml (CI 0.89—1.72 ml)
1.01 ml (CI 0.75—1.27 ml)
1.83 g (CI 1.11-2.45 g)
1.04% (CI 0.63—1.44%)

1.06 ml (CI 0.76—1.36 ml)
1.03 ml (CI 0.59—1.47 ml)
1.25 g (C1 0.87-1.63 g)
0.87% (CI 0.57-1.17%)

No statistical significant intraobserver differences during measurement repetitions were detected for any observer (p>0.05).
Abbreviations: ED—end-diastolic; ES—end-systolic; EF—ejection fraction.

A Student’s T-Test was utilized to determine
statistically significant differences. Statistical analysis
was performed using SPSS V11.0 (SPSS, Chicago, IL,
USA). A p value of less than 0.05 was considered to be
statistically significant.

Functional Analysis

The semiautomatic functional image analysis was
performed by two independent investigators three times
for each volunteer and for each sampling technique, with
an interval of more than a week between each mea-
surement repetition. The definition of left ventricular
endocardium and pericardium were realized by manually
marking the ventricular lumen and the myocardial
wall, respectively. Subsequently, automated segmenta-
tion techniques detected endocardial as well as pericar-
dial interfaces. The calculation of three-dimensional
(3D) volumes based on those segmented two-dimension-
al (2D) areas on short-axis imaging planes, which ranged
from the cardiac base to the apex, was realized by
algorithms for automatic geometrical assumptions. In
this way, left ventricular volumes and LMM as well
as EF were calculated, utilizing commercially available
software (Argus, Siemens, Erlangen, Germany). The

most basal ventricular image series was defined as the
section in which the left ventricular myocardium
extended over at least 50% of the circumference of
the left ventricular chamber. Endocardial and pericardial
contours were drawn on all ED and ES frame data
sets. Papillary muscles were included in the left ven-
tricular volume.

Interstudy as well as inter- and intraobserver
reliabilities were determined for the parameters ‘‘ED
left ventricular volume,”” ‘‘ES left ventricular volume,’’
“LMM,” and “‘EF”’ utilizing the Bartko-Carpenter
approach (Bartko and Carpenter, 1976) as well as by
calculating the standard deviation of the observed
differences with associated 95% confidence interval
for inter- and intraobserver analysis. Intraobserver
reliability was analyzed by computing the analysis of
variance (ANOVA) intraclass correlation coefficient,
Kintraclass» 10T €ach reader on each data subset of the three
sampling schemes. Interobserver reliability was calcu-
lated utilizing the ANOVA interclass coefficient,
Kinterclass» 10T both readers on the mean of each data
subset for each of the three sampling techniques.
Interstudy reliability was determined by analysis of the
ANOVA interstudy correlation coefficient, Kinerstudy» fOr
both readers on every subset of all possibly comparable

Table 3. Mean standard deviation of observed interobserver differences with associated 95% confidence interval (CI).

Functional analysis—interobserver reliability

Sampling schemes

Rectilinear

RADIAL SPIDER

2.85 ml (CI 1.08—4.61 ml)
1.76 ml (CI 0.67-2.85 ml)
1.85 g (CI 0.70-2.99 g)
1.10% (CI 0.42—1.78%)

ED left ventricular volume
ES left ventricular volume
Left ventricular Mass

Left ventricular EF

2.62 ml (CI 1.00-4.25 ml)
1.38 ml (CI 0.52-2.23 ml)
2.09 g (CI 0.80-3.39 g)
0.98% (CI 0.37—1.59%)

1.86 ml (CI 0.71-3.01 ml)
0.96 ml (CI 0.37—1.56 ml)
2.06 g (CI1 0.78-3.34 g)
0.73% (CI 0.28—1.18%)

No statistical significant interobserver differences between observers were detected (p>0.05).
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pairs of the three k-space sampling modalities and
additionally mean differences with corresponding stan-
dard deviations were calculated.

A Student’s T-Test was utilized to determine
statistically significant differences in intraobserver and
interobserver datasets as well as interstudy data pairs.
The T-Tests evaluated the intraobserver standard
deviations of observed differences of the repetitive
measurements and compared all possible pairs of the
three k-space sampling methods. Furthermore, interob-
server and interstudy differences of ED and ES volumes
as well as LMM and EF were analyzed. A p-value of
less than 0.05 was considered to be statistically
significant. To realize this significance level in a
statistical analysis consisting of multiple independent
significant tests, Bonferroni correction was employed.
Individual p-values of less than 0.017 guaranteed an
overall corrected p-value of less than 0.05.

RESULTS
Quantitative Analysis

The signal intensities (SI) as well as signal to noise
ratios (SNR) for the ventricular blood pool and septal,

Boll et al.

apical, and lateral myocardium as well as corresponding
contrast to noise ratio (CNR) acquired with cine True-
FISP sequences employing rectilinear, RADIAL, and
SPIDER k-space sampling are listed in Table 1. The
quantitative analysis demonstrated that the SNR values
for blood and the overall CNR values for blood and
myocardium of the SPIDER k-space acquisition scheme
did not show statistically significant differences com-
pared to the rectilinear k-space technique. Whereas
RADIAL k-space coverage showed statistically signif-
icant lower SNR values for the ventricular blood pool
as well as lower CNR values for blood and myocardium
when compared to both rectilinear and SPIDER k-space
sampling methods (Fig. 1).

Functional Analysis

The intraobserver reliability presented homoge-
neous intraobserver patterns with intraobserver kappa
values ranging from Kjygaclass 0-94 to 0.99 for the
analyzed parameters ‘‘ED left ventricular volume,”’
“ES left ventricular volume,”” as well as the derived
parameter ‘‘LMM.”” However, the derived parameter
“EF’’ presented decreased intraobserver kappa values
ranging from Kjygaclass 0-60—0.63 for the rectilinear
sampled sequence in contrast to kappa values of

Table 4. The interstudy comparison as well as student’s ¢ test presented statistically significant degrees of data inhomogeneity
[indicated by T and *, respectively] when rectilinear sampled data sets are compared either to RADIAL- or SPIDER-sampling
schemes, whereas a direct comparison of the latter two sampling schemes resulted in homogeneous data sets.

Functional analysis—interstudy evaluation

Sampling schemes

Rectilinear vs. RADIAL

Rectilinear vs. SPIDER RADIAL vs. SPIDER

Klnterstudy Values

ED left ventricular volume 0.79'
ES left ventricular volume 0.60"
Left ventricular Mass 0.96
Left ventricular EF 0.71"

Mean differences + SD

ED left ventricular volume 27.41+14.3 ml

ES left ventricular volume 12.45+8.3 ml
Left ventricular Mass 7.99+5.6 g
Left ventricular EF 42+3.9%
Statistical analysis; t test

ED left ventricular volume <0.001*

ES left ventricular volume <0.001*

Left ventricular Mass 0.09

Left ventricular EF 0.35

0.76' 0.96

0.37 0.88

0.96 0.98

0.62 0.81
28.36+14.5 ml 47+4.1 ml
12.47+9.8 ml 42+3.1 ml
6.13£5.6 g 37827 ¢
5.4+4.7% 2.7+2.1%
<0.001* 0.41
<0.001* 0.48

0.13 0.27

0.29 0.8

In all cases, ventricular volume as well as EF and LMM results from RADIAL- and SPIDER-sampled acquisitions were consistently

higher than those obtained from the rectilinear acquisitions.
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A

Figure 2. Midventricular short-axis MR images in a healthy
volunteer. True FISP cine imaging during ED phase. (A)
Rectilinear k-space sampling did not demonstrate a clear sep-
aration between the myocardial wall and the papillary muscles
(arrows) and therefore differentiation by means of automatic
segmentation was not successful. (B) The SPIDER-sampling
scheme and (C) RADIAL-sampled True-FISP sequence al-
lowed a differentiation between papillary muscle and ventricu-
lar myocardium (arrows) by means of automatic segmentation.

C

Figure 2. Continued.

RADIAL and SPIDER sampled sequence analysis
ranging from Kjygacass 0-86—0.90. The corresponding
statistical analysis of the intraobserver standard devia-
tions of observed differences, in Table 2 revealed no
statistically significant differences when comparing the
various individual datasets of each evaluated sampling
scheme (p>0.05).

The interobserver reliability was also homoge-
neous, with the interobserver kappa values ranging
from Kjnercrass 0-97 to 0.99 for the analyzed parameter
“ED left ventricular volume,”” ‘‘ES left ventricular
volume,”” as well as the derived parameter ‘‘LMM.”’
Analogous to the intraobserver analysis, the interob-
server reliability of the derived parameter ‘‘EF’’
showed interobserver kappa values for the rectilinear
sampled sequence of Kjnerclass 0-63 compared to the
RADIAL and SPIDER sampled sequence analysis
ranging from Kinerclass 0-88—0.91. The interobserver
standard deviations of observed differences in Table 3
revealed no statistically significant differences when
comparing the datasets analyzed by each observer
evaluating various sampling schemes (p>0.05).

The interstudy reliability analysis, presented as a
direct comparison of RADIAL sampled and SPIDER
sampled cine True-FISP sequences, revealed signifi-
cantly homogeneous datasets without statistically
significant differences for ‘‘ED left ventricular vol-
ume’’ and ‘ES left ventricular volume.” This direct
comparison further highlighted significant data homo-
geneity and no statistically significant differences when
analyzing “LMM”’ and ‘“‘EF’’ (Table 4).
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The statistical analysis was able to prove a
significant degree of data inhomogeneity and statistical
difference when comparing the interstudy reliability of
the rectilinear sampled and the RADIAL sampled
cine True-FISP sequences estimate of ‘‘ED left
ventricular volume’’ and ‘‘ES left ventricular volume’’
(Table 4). In all cases, ventricular volume results from
rectilinearly sampled acquisitions were consistently less
than those obtained with RADIAL acquisitions caused
by a pronounced segmentation mismatch of apical
cardiac structures. Comparing rectilinear sampled with
RADIAL sampled cine True-FISP sequences, data
inhomogeneity and variations were less evident when
the derived parameters “‘LMM’ and ‘“‘EF”’ were
analyzed (see Table 4 for evaluation of data inhomo-
geneity and statistical analysis of the data variations)
(Fig. 2).

The evaluation of the interstudy reliability compar-
ing the rectilinear sampled cine True-FISP sequence with
the SPIDER sampled sequence, also revealed significant
data inhomogeneity as well as statistically significant
differences for the analyzed parameters ‘‘ED left
ventricular volume’” and ‘‘ES left ventricular volume.”’
Analogously, the ventricular volume results from
rectilinearly sampled acquisitions were consistently less
than those obtained with SPIDER acquisitions, showing
an analogous segmentation mismatch of apical cardiac
structures. Again, data inhomogeneity and variations
were less evident when analysis was focusing on the
derived parameters “‘LMM’’ and ‘‘EF’’ (see Table 4 for
evaluation of data inhomogeneity and statistical analysis
of data variations) (Fig. 2).

DISCUSSION

Over the past decade, cardiac MR imaging has
evolved as a visualization technique, allowing reliable
imaging of cardiac morphology as well as analysis of
cardiac function by calculation of cardiac volumes. In
MR imaging, temporal and spatial resolution are
competing objectives. Therefore, cardiac MRI presents
the challenge of developing sequences that meet the
requirement for high resolution images that differen-
tiate the complex anatomy of the heart, while also
being fast enough to offset the effects of nonrigid
cardiac motion.

In particular, left ventricular ED and ES volumes
represent important parameters in the management of
cardiac diseases (Konermann et al., 1992). These
parameters function as predictors of mortality and
progression of acute as well as chronic heart failure
(Hammermeister et al., 1979). Variability and repro-
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ducibility are critical parameters for any functional
imaging for modality of the heart. Improving the
accuracy of cardiac MR imaging techniques allows
cardiac MR to be used more interchangeably with other
complementary modalities in the course of managing
cardiac diseases (Darasz et al.,, 2002; Heusch et al.,
1999; Mogelvang et al., 1992).

The use of True-FISP cine sequences leads to fast
imaging of the cardiac morphology at high spatial res-
olution, and, further, allows analysis of cardiac func-
tion. However, rectilinear k-space sampling schemes
utilize ECG-gated data sets of multiple cardiac cycles
to reconstruct and visualize one averaged contraction
of the heart. Therefore, calculations of the cardiac vol-
umes are based on spatial data averaged over multiple
heart cycles. In this prospective study, we evaluated
whether utilizing real-time sampling schemes, such as
RADIAL and SPIDER techniques, would yield differ-
ences in measured left ventricular volumes when
compared to those obtained with rectilinear sampling.

This study was able to prove that faster sampling
schemes, such as RADIAL and SPIDER, lead to a
significant increase in data homogeneity compared to the
rectilinear sampling technique. This can be seen from the
analysis of ED and ES left ventricular volumes as well as
EF and LMM. This study demonstrated that ED and ES
left ventricular volumes defined on RADIAL and
SPIDER sampled datasets, present statistically signifi-
cant differences compared to the rectilinear sampled
image series. No significant differences are identified
when RADIAL and SPIDER sampled techniques are
statistically evaluated against each other.

The automated segmentation without manual
correction of the left myocardial structures based on
rectilinear sampled data sets showed apparent weak-
nesses in identifying apical ventricular structures, in
particular, rectilinear data sets suffered in defining
apical papillary muscles, as well as in differentiating
between apical myocardium and pericardial and
diaphragmal structures. Those effects were most
evident when considering absolute ventricular volumes.
However, as long as the clinically proven rectilinear
sampling scheme of a True-FISP sequence is consid-
ered the internal gold standard, this study proved that
faster sampling schemes with inherent decrease of
spatial resolution, such as RADIAL and SPIDER, lead
to significantly larger ED and ES left ventricular
volumes compared to rectilinear sampling.

Intraobserver and interobserver analysis focusing
on the degree of data reliability presented homoge-
neous data sets for all analyzed parameters in
concordance with previously performed studies (Forbat
et al., 1996).
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This study furthermore revealed that the contrast-
to-noise ratio achieved by the SPIDER sampling tech-
nique showed no statistically significant intensity
difference when compared to those found with the
rectilinear sampling scheme. The analysis of the signal-
to-noise ratio of the blood pool and myocardium was not
able to demonstrate significant difference in the blood
intensity of SPIDER-sampled sequences compared to
the rectilinear sampling scheme; however, a statistically
significant difference in myocardial intensity was
observed. On the other hand, the RADIAL-sampled
sequences revealed a statistically significant difference
for blood pool intensity and subsequent contrast-
to-noise intensity when compared to the rectilinear
sampling scheme caused by an intensity loss in the
blood pool due to inflow artifacts (Shankaranarayanan
et al., 2001).

Although this study was performed with a small
group of young and healthy volunteers, and did not
include patients with cardiac disease, the significant
differences in the functional parameters are evident
when faster sampling schemes allow visualization of
one actual cardiac contraction per short-axis location.
Patients with cardiac disease will appreciate the ac-
quisition time reduction even more because of shorter
breath-hold periods required. Another limitation of our
study design was the absence of an external gold
standard, which usually utilizes more invasive imag-
ing modalities with the additional use of ionizing ra-
diation. Instead, we employed the clinically utilized
rectilinear sampled True-FISP sequence as the internal
reference standard.

Furthermore, the influence of new real-time radial
acquisition schemes on characteristic visualization of
blood poll and myocardial wall have not yet been
evaluated in specific studies. It can be hypothesized,
however, that not only spatial and temporal resolutions
of real-time radial acquisition schemes but also
inherent excitation effects influenced the obtained
measurement differences.

Those fast-sampling schemes evaluated allow
visualization of only one actual cardiac contraction
per short-axis location and had to be repeated for
coverage of the entire left ventricle. It can be hy-
pothesized that future studies analyzing thin slice and
high resolution visualization of the left ventricle in
various short axes series simultaneously during one
actual cardiac contraction will present further improve-
ment in functional accuracy.

We therefore conclude that employing faster
sampling schemes with an inherent decrease of spatial
resolution leads to enhanced signal homogeneity and
will therefore improve anatomical border definition

while maintaining the necessary CNR to estimate
functional cardiac parameters. Enhanced signal ho-
mogeneity and maintained CNR will most likely
improve the accuracy of the cardiac functional pa-
rameter determination.
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