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Purpose: To compare cardiac cine MR imaging using
steady state free precession (SSFP) and fast low angle shot
(FLASH) techniques at 1.5 and 3 T, and to establish their
variabilities and reproducibilities for cardiac volume and
mass determination in volunteers. To assess the feasibility
of SSFP imaging in patients at 3 T and to determine com-
parability to volume data acquired at 1.5 T.

Materials and Methods: Ten healthy volunteers under-
went cardiac magnetic resonance imaging using SSFP and
segmented gradient-echo FLASH, using both a 1.5 and a 3
T MR system on the same day. Ten patients with impaired
left ventricular (LV) function were also studied at both field
strengths with SSFP.

Results: For both SSFP and FLASH, field strength had no
effect on the quantification of LV and right ventricular (RV)
volumes, mass, or function (P � 0.05 for field strength for all
parameters). At both 1.5 and 3 T, SSFP yielded smaller LV
mass (e.g., at 3 T 109 � 30 g vs. 142 � 37 g; P � 0.011) and
larger LV volume (e.g., at 3 T end-diastolic volume 149 � 37
mL vs. 133 � 31 mL at 5 T; P � 0.041) measurements than
FLASH. In patients with reduced LV function, all volume and
mass measurements were again similar for SSFP sequences
at 1.5 vs. 3 T. In volunteers and patients, measurement vari-
abilities for LV parameters were small for both field strength
and sequences, ranging between 3.7% and 10.7% for mass.

Conclusion: Compared to 1.5 T, cardiac cine MR imaging
at 3 T, using either FLASH or SSFP sequences, is feasible
and highly reproducible. Field strength does not have an
influence on quantification of cardiac volume or mass, but
the systematic overestimation of LV mass and underesti-
mation of LV volume by FLASH compared to SSFP is
present at both 1.5 and 3 T. Normal values for cardiac
volumes and mass established at 1.5 T can be applied to
scans obtained at 3 T.
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CARDIOVASCULAR MAGNETIC RESONANCE (CMR)
imaging has become the gold standard for the char-
acterization of cardiac anatomy, function, and mass
(1). It is a well-tolerated, accurate, and reliable
method for the serial monitoring of patients, partic-
ularly in response to therapeutic intervention (2–4).
Currently, the preferred technique of choice for the
assessment of ventricular volumes and mass in clin-
ical practice is steady state free precession imaging
(SSFP) at 1.5 Tesla (T) (5), which has been validated in
animal work (6,7). More recently, there has been a
proliferation of cardiac imaging using high-field (3 T)
MR systems, for two main reasons: first, 3 T is rapidly
becoming the favorable field strength for brain MR
imaging, and many sites now have an interest in
additional cardiac MR imaging at this higher field
strength; second, as the signal-to-noise (SNR) in the
CMR examination increases with the magnetic field,
high-field (3 T) MR systems are being installed to
benefit those CMR applications, such as perfusion,
blood oxygenation level dependent (BOLD) imaging,
or spectroscopy, which are currently limited by low
temporal and spatial resolution at 1.5 T (8–12). How-
ever, analysis of cardiac volumes and mass is an
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absolute requirement for the interpretation of these
more sophisticated parameters.

Prior to the introduction of SSFP (13,14) into clinical
practice, a cine gradient echo sequence (fast low angle
shot [FLASH]) (15,16) was used, which had inferior bor-
der definition, thus overestimating left ventricular (LV)
mass and underestimating LV volume (5). However, for
theoretical reasons, FLASH should show improved SNR
at 3 T compared to 1.5 T and benefits for visualizing
turbulent flows, without the disadvantages of the high
radiofrequency (RF) power deposition in tissue required
for SSFP sequences. Furthermore, substantial con-
cerns exist regarding SSFP artifacts at higher field
strengths (9). For these reasons, we investigated how
cine images obtained using both FLASH (15) and SSFP
sequences would compare at 1.5 and 3 T in healthy
volunteers for determination of cardiac volumes and
mass. Thus, this study aimed to validate 3 T measure-
ments against the existing gold standard (1.5 T) for
analysis of cardiac volumes and mass and to demon-
strate the use of the segmented gradient-echo and SSFP
cardiac cine sequences at 3 T. We hypothesized that
measurements of LV and right ventricular (RV) volume,
mass, and function would be independent of field
strength, but that the systematic differences in volume
and mass quantification between SSFP and FLASH (15)
would be present at both 1.5 and 3 T (5). Furthermore,
we aimed to apply the optimal cine sequence demon-
strated in volunteers to a consecutive group of patients
with impaired LV function at both 1.5 and 3 T.

MATERIALS AND METHODS

Study Population

Ten healthy controls (five male and five female, mean
age 28 � five years, mean height 171 � 9 cm, mean
weight 70 � 16 kg, and mean heart rate 60 � 9 bpm)
with no history of cardiac disease, hypertension, or
cardiac risk factors and a normal baseline electrocar-
diogram (ECG) were recruited. Another 10 patients (all
male, mean age 67 � 13 years, mean height 177 � 12
cm, mean weight 87 � 17 kg, and mean heart rate 66 �
13 bpm) with impaired LV function were also studied.
Eight patients were in sinus rhythm and two in rate-
controlled atrial fibrillation. Eight out of 10 patients
(80%) had previous coronary revascularization (five had
coronary stenting and three had coronary artery bypass
grafting). Subjects with contraindications to CMR were
not enrolled. The study was carried out according to the
principles of the Declaration of Helsinki and was ap-
proved by our institutional ethics committee. Each sub-
ject gave informed written consent.

CMR Protocol

All CMR examinations were performed using a 1.5 T
(Sonata; Siemens Medical Solutions, Erlangen, Ger-
many) and a 3 T MR system (Trio; Siemens Medical
Solutions, Erlangen, Germany) on the same day, with
anterior phased-array surface coils and a posterior
phased-array surface coil (3 T) or two elements of the
integrated spine coil (1.5 T), retrospective electrocardio-
graphic gating, and the subject in the supine position.

Four experienced operators performed the 1.5 and 3 T
examinations, with the same operator for each subject
at both field strengths to remove any systematic bias
due to operator variability.

The protocol at both 1.5 and 3 T involved localization
of the short-axis followed by SSFP frequency pilots (17)
in the midventricular short-axis and horizontal long-
axis orientations with selection of the optimal frequency
offset. FLASH and SSFP short-axis slices covering the
entire ventricle were then acquired in the standard way
(18). SSFP and FLASH acquisition parameters were
identical at both field strengths except for excitation
angles, which were optimized for each field strength,
and the TR of the SSFP, which was extended to allow a
longer (lower specific absorption rate [SAR]) RF excita-
tion pulse. The parameters for the SSFP frequency pilot
were: field of view (FOV) � 350 � 292mm, 7 mm slice
thickness, single-shot acquisition per heart beat with a
trigger delay of 350 msec, TE � 1.3 msec, 144 phase-
encode lines, TR � 3.1 msec, generalized autocalibrat-
ing partially parallel acquisitions (GRAPPA) (19) with
2� acceleration, 29 reference lines, flip angle � 60°,
930 Hz/pixel bandwidth with frequency offsets from
–200 to 200 Hz in 40 Hz steps, and breathhold time �
11 heartbeats, followed by selection of the optimal fre-
quency offset. The parameters for the SSFP short-axis
acquisition used were: FOV � 350 � 306 mm, 7 mm
slice (3 mm gap for multislice), 1.82 � 1.82 mm reso-
lution, GRAPPA with 2� acceleration, 29 reference
lines, TE � 1.42 msec (1.47 msec at 3 T), TR � 3.12
msec (3.17 msec at 3 T), retrospectively ECG-gated,
yielding 25 frames per cardiac cycle, 14 lines per seg-
ment, sampled temporal resolution of 43.7 msec (44.38
msec at 3 T), and a 930 Hz/pixel bandwidth, flip an-
gle � 60° (in some cases this was not achievable within
the available SAR limits at 3 T, mean for healthy volun-
teers 56 � 4°, range 47° to 60° and mean for patients
57 � 3°, range 52° to 60°), and breathhold time � 7
heartbeats. The acquisition included a postacquisition
“cool-down” delay of 3 seconds to allow higher flip an-
gles to be used without exceeding the steady-state SAR
limits. The parameters for the FLASH short-axis acqui-
sition were used as for SSFP except for TR � 5.48 msec,
TE � 2.75 msec, 2.28 � 2.82 mm resolution, nine lines
per segment, sampled temporal resolution of 49.3
msec, with 350 Hz/pixel bandwidth, a flip angle of 20°
and breathhold time � 9 heartbeats.

Image Analysis

CMR image analysis was performed with Argus soft-
ware (version 25A; Siemens Medical Solutions, Erlan-
gen, Germany) by experienced investigators. Blinded
manual tracing of the endocardial and epicardial bor-
ders of successive short-axis slices was performed in
the standard way at end-diastole and end-systole
(phase with the image with the smallest LV and RV
cavity) (18,20). Epicardial and endocardial borders
were traced on the end-diastolic frame, with only an
endocardial border on the end-systolic frame. The basal
slice was selected for the left ventricle when at least
50% of the blood volume was surrounded by myocar-
dium in both end-diastole and end-systole. The apical
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slice was defined as the final slice showing intracavity
blood pool at both end-diastole and end-systole.

For the right ventricle, volumes below the pulmonary
valve were included. From the inflow tract, RV volumes
were excluded if the surrounding muscle was thin and
not trabeculated, suggestive of the right atrium.

Blinded experienced observers were free to select the
end-systolic and end-diastolic frame. Papillary muscles
were included in the mass and excluded from the vol-
ume calculations and the interventricular septum was
included as part of the left ventricle. From these data,
the mass, ejection fraction, and end-systolic and end-
diastolic volumes could be calculated. Myocardial mass
was determined by multiplication of the tissue volume
by 1.05 g/cm3 (specific density of myocardium).

Reproducibility

Interobserver variability was assessed in both volun-
teers and patients by a second investigator analyzing all
of the data sets. One observer analyzed all of the images
twice, leaving at least a one week gap and blinded to the
previous results, providing intraobserver variability.

To assess interstudy reproducibility, four volunteers
underwent a second identical scan on both 1.5 and 3 T
systems, on a different day from the first study.

Statistical Analysis

All data are presented as mean � standard deviation
(SD) unless stated otherwise. For healthy control data,
a univariate general linear model with fixed effects for
sequence (SSFP and FLASH) and field strength (1.5 and

3 T) was used to test whether differences between se-
quences were field strength–specific. For patients, a
paired Student’s t-test was used to compare field
strengths. Throughout the analyses, a two-sided P
value of �0.05 was considered statistically significant.
Interstudy reproducibility and inter- and intraobserver
variability was assessed using the method of Bland and
Altman (21). The coefficient of variability was calculated
as the SD of the differences between the two sets of
measurements divided by the mean. All computations
were performed with SPSS 11.5 (SPSS Inc., Chicago, IL,
USA). The sample size of 10 healthy volunteers was
calculated from the SD of our database of normal val-
ues to achieve at least 80% power of detecting a clini-
cally significant difference of 10% in the LV ejection
fraction (18).

RESULTS

CMR scanning at both field strengths was well-toler-
ated by all participants. While the higher field strength
was seen to affect the ECG trace, reliable ECG trigger-
ing was obtained in all cases. All datasets were of suf-
ficient quality to be included in the study. A typical
short-axis acquisition of a healthy volunteer using both
SSFP and FLASH at both 1.5 and 3 Tesla is shown in
Fig. 1 and a typical patient acquisition using SSFP at
both field strengths is shown in Fig. 2. There were no
image artifacts that affected volume analysis of either
the left or the right ventricle. Some artifacts were seen
in the patients with sternal wires but this did not affect
the image analysis (Fig. 3).

Figure 1. End-diastolic short-axis images with 3 T FLASH and SSFP and 1.5 T FLASH and SSFP from a male healthy volunteer.
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Healthy Control Results

There were no significant differences between the LV
and RV volume, mass, or function at 1.5 vs. 3 T, ac-
quired using either SSFP or FLASH, respectively (P �
0.05 for field strength for all parameters, Table 1). When
comparing the two sequences for the same field
strength, SSFP showed a significantly smaller LV mass
than FLASH (absolute difference of 20 g at 1.5 T and
33 g at 3 T; P � 0.011 for the sequence) and a signifi-
cantly larger LV end-diastolic volume (absolute differ-
ence of 29 mL at 1.5 T and 16 mL at 3 T: P � 0.041 for
the sequence). There was also a strong trend for SSFP to
produce a larger LV end-systolic volume than FLASH at
both field strengths (absolute difference of 13 mL at 1.5
T and 8 mL at 3 T; P � 0.058 for the sequence). Fur-
thermore, the differences between sequences in LV
mass and LV end-diastolic volume were found to be
independent of field strength (P � 0.05 for interaction
for all parameters). There were no significant differ-
ences in RV volumes, masses, and function between
sequences at either field strength (P � 0.05 for se-
quence for all parameters).

The intraobserver coefficient of variability for the LV
ejection fraction for the two sequences at both field
strengths ranged from 2.4% to 11.6% and for the RV
ejection fraction it ranged from 2.0% to 9.9% (Table 2).
Importantly, we demonstrated that there was neither
an increase nor a decrease in variability with SSFP or
FLASH sequences at 3 T compared to 1.5 T (Fig. 4). As
expected, at both field strengths, interstudy variabili-
ties for both the LV and RV ejection fraction and LV
mass were higher than the intraobserver values, and

the variability for the right ventricle was larger than for
the left.

Patient Results

Ten patients with reduced LV function were subse-
quently studied at both field strengths using the SSFP
sequence. The mean LV ejection fraction at 1.5 T was
32 � 14% (range 15–50%). There were no significant
differences between the LV and RV volumes, masses, or
function at 1.5 T vs. 3 T using SSFP (P � 0.05 for field
strength for all parameters, Table 3).

The intraobserver coefficient of variability for the LV
ejection fraction was 3.3% at 1.5 T and 6.9% at 3 T and
the interobserver variability was 5.5% and 7.4% at 1.5
T and 3 T, respectively. Again, the RV ejection fraction
variability was higher than that for the left ventricle.
Thus measurement variabilities obtained in patients
were similar to those found in the healthy volunteers.

DISCUSSION

In this study, we demonstrated that functional cardiac
MR imaging at 3 T is feasible in healthy volunteers
using both the SSFP and FLASH techniques, and that
there were no image artifacts that affected volume anal-
ysis of either the left or the right ventricle. While the
higher field strength was seen to affect the ECG trace,
reliable ECG triggering was obtained in all cases, in-
cluding in patients with atrial fibrillation. Compared
with the gold standard of 1.5 T SSFP imaging, there
were no significant differences in the LV or RV function,

Figure 3. End diastolic short axis SSFP images at 1.5 T (a) and 3 T (b) from a patient with impaired LV function illustrating
sternal wire artifact at both field strengths.

Figure 2. End-diastolic short axis SSFP images at 1.5 T (a) and 3 T (b) from a patient with impaired cardiac function (LV ejection
fraction 21%).
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volumes, or mass results using SSFP at 3 T. There were
also no significant differences between FLASH imaging
at 1.5 and 3 T for any of the LV or RV parameters. These
results are important because they suggest that previ-
ously established databases for normal values used in
clinical practice at 1.5 T with SSFP or FLASH are appli-
cable to scans performed with the equivalent sequence
at 3 T, and that scans performed at different field
strengths using either sequence can reliably be used for

serial monitoring of patients (18,20,22). To the best of
our knowledge, this is the first report of both LV and RV
volumes, mass, and function measured at 3 T in volun-
teers and patients. Gutberlet et al (8) have recently
demonstrated that image quality using a 3.0 T system
in volunteers was good with only a few artifacts present
and there were no significant differences in LV volumes
compared with 1.5 T. However, the LV volumes and
masses were calculated using an area–length method of

Table 1
Left and Right Ventricular Measurements Using SSFP and FLASH Techniques at 1.5 T and 3 T in Healthy Volunteers*

SSFP FLASH P value

1.5 T 3 T 1.5 T 3 T Sequence
Field

strength
Interaction

LV ejection fraction (%) 63 � 9 60 � 8 66 � 8 62 � 12 0.499 0.320 0.970
LV mass (g) 108 � 29 109 � 30 128 � 31 142 � 37 0.011 0.472 0.507
LV end-diastolic volume (mL) 157 � 37 149 � 37 128 � 30 133 � 31 0.041 0.865 0.573
LV end-systolic volume (mL) 57 � 18 59 � 16 44 � 12 51 � 21 0.058 0.423 0.662
LV stroke volume (mL) 100 � 32 91 � 28 85 � 24 82 � 24 0.169 0.478 0.671
RV ejection fraction (%) 64 � 4 62 � 4 66 � 3 65 � 4 0.071 0.289 0.512
RV mass (g) 35 � 8 34 � 7 33 � 6 35 � 5 0.795 0.637 0.437
RV end-diastolic volume (mL) 171 � 42 167 � 40 159 � 41 171 � 41 0.766 0.765 0.553
RV end-systolic volume (mL) 61 � 15 63 � 16 55 � 16 59 � 15 0.323 0.488 0.836
RV stroke volume (mL) 110 � 29 104 � 27 104 � 27 111 � 29 0.913 0.953 0.450

*All data are mean � SD. Univariate general linear model with fixed effects for sequence and field strength was used. Nonsignificant P values
for interaction confirm that differences between sequences were independent of field strength. Significant P values are in bold. SSFP �
steady state free precession, FLASH � fast low angle shot, LV � left ventricular/ventricle, RV � right ventricular/ventricle.

Table 2
Variability of Measurements*

Intraobserver Interobserver Interstudy

Bias (95% Limits of
agreement)

CoV
Bias (95% Limits of

agreement)
CoV

Bias (95% Limits of
agreement)

CoV

LV EF
SSFP 1.5 T 1.5 � 4.5

(�7.3 to 10.3)
7.2% �0.1 � 5.7

(�11.1 to 11.1)
9.0% 1.5 � 6.6

(�11.5 to 14.4)
10.3%

FLASH 1.5 T �1.8 � 4.4
(�10.4 to 6.8)

6.6% 1.4 � 4.2
(�6.9 to 9.6)

6.5% 2.1 � 6.0
(8.9 to 14.5)

8.8%

SSFP 3 T �0.5 � 1.5
(�3.5 to 1.0)

2.4% �2.4 � 5.7
(�13.4 to 8.7)

8.8% 2.1 � 8.1
(�13.9 to 18)

12.8%

FLASH 3 T �1.2 � 7.3
(�15.5 to 13.1)

11.6% �0.7 � 10.5
(�21.4 to 19.9)

16.8% 0.1 � 6.0
(�11.7 to 11.9)

9.0%

LV Mass
SSFP 1.5 T �0.1 � 5.0

(�9.8 to 9.7)
4.6% 1.1 � 5.9

(�10.3 to 12.6)
5.4% 0.3 � 3.9

(�7.3 to 8.0)
3.7%

FLASH 1.5 T �5.6 � 7.8
(�20.8 to 9.6)

6.1% �2.4 � 5.6
(�13.4 to 8.7)

4.4% �5.5 � 6.9
(�19.0 to 7.9)

5.1%

SSFP 3 T 0.4 � 6.5
(�12.3 to 13.0)

6.0% 0.8 � 5.4
(��9.7 to 11.6)

5.0% 0.4 � 12.0
(�23.2 to 23.9)

10.7%

FLASH 3 T �6.6 � 13.1
(�32.2 to 19.8)

9.0% 1.9. � 9.1
(�15.9 to 19.7)

6.4% 0.1 � 12.2
(�23.9 to 24.1)

8.4%

RV EF
SSFP 1.5 T 0.85 � 5.3

(�9.6 to 11.3)
8.4% 9.8 � 5.5

(�1.0 to 20.5)
9.2% 1.1 � 3.2

(�5.2 to 7.5)
4.9%

FLASH 1.5 T �0.19 � 5.9
(�11.7 to 11.3)

9.0% 11.9 � 8.4
(�4.6 to 28.3)

14.1% �0.03 � 1.4
(�2.7 to 2.6)

2.0%

SSFP 3 T 1.84 � 6.1
(�10.0 to 13.7)

9.9% 14.3 � 7.3
(�0.3 to 28.3)

13.3% �1.2 � 4.7
(�10.3 to 8.1)

7.2%

FLASH 3 T 0.8 � 6.0
(�12.5 to 10.9)

9.1% 12.1 � 10.2
(�7.8 to 32.0)

17.2% 2.9 � 4.1
(�5.1 to 10.9)

6.0%

*Bias and limits of agreement were determined according to the Bland-Altman method (21). CoV � coefficient of variability, LV � left
ventricular/ventricle, RV � right ventricular/ventricle, EF � ejection fraction, SSFP � steady state free precession.
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long-axis SSFP images as opposed to a short-axis stack
(which is currently the standard method in clinical
practice). Although they showed that the right ventricle
tended to present with lower image quality at 3.0 T
compared to 1.5 T, no RV volume or mass estimation
was provided. The study also did not analyze variability.

Our study also addressed whether differences in LV
volume and mass estimation exist between SSFP and
FLASH both at 1.5 T vs. 3 T. We confirm the overesti-
mation of LV mass and underestimation of LV volumes
by the FLASH technique compared to SSFP at 1.5 T
reported by Moon et al (5), and we show that these
systematic differences are maintained at 3 T. It is
possible that the differences in the temporal and spa-
tial resolution imaging parameters between the se-
quences, although small, may have contributed to the
difference.

Observer variability for the left ventricle was similar
for all acquisition techniques and field strengths and
was comparable to previous reports in the literature at
1.5 T (3,20,22,23). Importantly, all variabilities at both
field strengths were excellent, showing that cine-MRI,

independent of sequence and of field strength, is a
highly reproducible technique. Interobserver variability
was lower for the left compared to the right ventricle at
both field strengths, in accordance with previous stud-
ies at 1.5 T (3,24). This likely reflects the complexity of
the RV anatomy and also the difficulty in selecting the
basal slice. Consistent with published results at 1.5 T,
the intraobserver and interstudy variability were again
lower for the left ventricle (3,22,24). There are small
differences between the left and right stroke volumes;
these were seen more using FLASH. We feel that these
differences reflect the increased difficulty of analyzing
the right ventricle, delineation of the RV endocardial
border, and particularly selection of the basal slice us-
ing this sequence.

As SSFP is the most frequently used sequence for
cardiac cine imaging at 1.5 T, we also investigated a
small number of clinical patients with impaired LV
function secondary to coronary disease using SSFP at
1.5 and 3 T. These patients with severe heart failure
were not studied with FLASH sequences in addition to
SSFP as this would have required lengthy scans at both
field strengths. Again, we found similar LV and RV
volumes and mass measurements with SSFP at both
field strengths, despite the presence of sternal wires
and coronary stents in the majority of the patients.
Notwithstanding these promising early results, more
patients need to be studied to systematically assess the
effects of reduced ECG amplitude, various arrhyth-
mias, stents, and valve replacements on image quality
at 3 T.

In conclusion, cardiac cine-MR imaging at 3 T, using
either FLASH or SSFP sequences, is feasible and highly
reproducible, without a clear advantage at either of the
field strengths. Field strength does not have an influ-
ence on cardiac volume or mass quantification, but the
systematic overestimation of LV mass and underesti-
mation of LV volumes by FLASH compared to SSFP is
present at both 1.5 and 3 T. SSFP at 3 T provides LV
and RV measurements and reproducibility that are
comparable to the gold standard of SSFP at 1.5 T. Thus,
at 3 T we recommend the use of SSFP rather than

Figure 4. Interobserver reproducibility for LV
mass for 10 healthy volunteers (Bland-Altman
plot). Dotted lines represent the limits of agree-
ment (95% limits of agreement).

Table 3
Left and Right Ventricular Measurements Using SSFP at 1.5 T
and 3 T in Patients With Reduced Left Ventricular Function*

SSFP P
value1.5 T 3 T

LV ejection fraction (%) 32 � 14 32 � 14 0.24
LV mass (g) 163 � 44 161 � 45 0.72
LV end-diastolic volume (mL) 272 � 93 275 � 91 0.53
LV end-systolic volume (mL) 186 � 93 186 � 92 0.97
LV stroke volume (mL) 82 � 27 82 � 32 0.85
RV ejection fraction (%) 40 � 12 42 � 13 0.56
RV mass (g) 77 � 42 74 � 40 0.14
RV end-diastolic volume (mL) 202 � 92 200 � 89 0.23
RV end-systolic volume (mL) 121 � 69 122 � 73 0.70
RV stroke volume (mL) 82 � 35 78 � 32 0.12

*All data are mean � SD. Paired Student’s t-test was used to
compare field strengths. P values � 0.05 are considered significant.
SSFP� steady state free precession, LV � left ventricular/ventricle,
RV � right ventricular/ventricle.
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FLASH because SSFP at 1.5 T is the most widely used
sequence, and hence its use at 3 T will allow compari-
son of the LV and RV volumes with databases that exist
for 1.5 T SSFP cine imaging. Normal values for cardiac
volumes and mass established at 1.5 T can be applied
to scans obtained at 3 T.
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