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Purpose: To study the effects of field strength and parallel
imaging on image contrast and interstudy reproducibility
of right and left ventricular (RV and LV) measurements
using steady-state free precession (SSFP) cardiovascular
magnetic resonance (CMR).

Materials and Methods: Thirty-two subjects (20 normal,
12 cardiac patients) underwent four SSFP cine short-axis
imaging studies: two at 1.5T, one at 3T, and another at 3T
with parallel imaging (SENSE). RV and LV contrast-to-noise
ratios (CNRs) were compared between methods. Interstudy
reproducibility of RV and LV measurements were assessed
by Bland–Altman analyses.

Results: 3T SENSE imaging reduced total imaging time
from 8 � 2 minutes to 3 � 1 minute (P � 0.001). A signif-
icant gain in LV CNR was detected between 1.5T and 3T
with SENSE (43.8 � 6.5 vs. 48.4 � 7.4, P � 0.01), but no
significant gain was detected in RV CNR. The reproducibil-
ity of LV and RV measurements between two 1.5T studies
was not significantly different from the reproducibility be-
tween a 1.5T study and a 3T study with SENSE.

Conclusion: SENSE imaging at 3T is a reproducible tech-
nique for assessing RV and LV structure and function.

Key Words: cardiovascular MRI; 3 Tesla; reproducibility
J. Magn. Reson. Imaging 2008;27:1139–1145.
© 2008 Wiley-Liss, Inc.

CINE STEADY-STATE free precession (SSFP) cardiovas-
cular magnetic resonance (CMR) at 1.5T is considered

the gold standard for characterizing cardiac anatomy,
myocardial mass, and ventricular function for both the
left and right ventricles (LV and RV) (1–3). Although
several studies have demonstrated the superior repro-
ducibility of CMR compared to echocardiography (4)
and nuclear techniques (5), the interstudy variability of
the SSFP technique has not been extensively investi-
gated.

Recently, clinical MR at 3T has become widely avail-
able, which increases the signal obtained during imag-
ing (6). Parallel imaging algorithms such as sensitivity
encoding (SENSE) can be used in this setting to de-
crease scan time (7). Shorter scan times could poten-
tially improve patient compliance and expedite CMR
imaging studies.

As 3T CMR becomes established in clinical practice
there will be an increasing need to compare new patient
studies with prior 1.5T exams. Recognizing differences
in image quality between the two methods will be im-
portant for accurate study interpretation (6,8). Further-
more, measurement variability between accelerated 3T
studies and conventional 1.5T studies must be quanti-
fied to ensure that differences between two studies ob-
tained at different field strengths are valid.

In the present study we asked the following ques-
tions: first, how does accelerated 3T CMR affect signal
and contrast of the LV and RV compared with standard
1.5T SSFP methods; and second, how does interstudy
reproducibility between an accelerated 3T study and a
conventional 1.5T study compare to the interstudy re-
producibility between two 1.5T studies?

MATERIALS AND METHODS

Study Participants

Twenty healthy volunteers (12 female and 8 male, mean
age 51 � 14 years, median LV ejection fraction 67%)
and 12 patients with impaired LV function (3 female
and 9 male, mean age 52 � 10 years, median LV ejec-
tion fraction 42%) were recruited for this study. Of the
patients with impaired LV function, 10 had angio-
graphic evidence of coronary artery disease (CAD) and 2
were diagnosed with dilated cardiomyopathy. The sam-
ple population demographics are presented (Table 1).
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All subjects were in sinus rhythm throughout the
study. Subjects were excluded if they had any contra-
indication to CMR. The study was approved by the local
Institutional Review Board and written informed con-
sent was obtained from all subjects.

CMR Protocol

Images were obtained using a 3T system (Achieva; Phil-
ips Medical Systems, Best, The Netherlands) and a 1.5T
system (Achieva; Philips Medical Systems) which were
operated by different technologists. All subjects under-
went four cine SSFP imaging sessions on the same day:
Study A consisted of cine imaging at 1.5T without
SENSE. Study B consisted of cine imaging at 3T with-
out SENSE. Study C consisted of accelerated imaging at
3T using SENSE, with an acceleration factor of R � 3.
Study D consisted of another nonaccelerated imaging
study at 1.5T (identical to Study A). Subjects were ran-
domized to one of three study sequences to minimize
confounding by a training effect: Study A-B-C-D, Study
B-C-A-D, or Study A-D-B-C. Between each study sub-
jects were ambulated for 15–30 minutes before being
repositioned on the MR bed. Scout films from the initial
CMR study were used as guides for slice coregistration
in all subsequent studies.

Images were obtained in all studies using four-ele-
ment surface array coils (two anterior and two poste-
rior) placed over the subject’s chest. Scout images were
used to localize the short axis orientation of the heart
with selection of the optimal frequency offset. Each
study included an SSFP cine series of 10–13 short axis
slices spanning the cardiac apex through the ventricu-
lar base with temporal resolution �40 msec. Slices were
acquired during 15–20-second end-expiratory breath-
holds using retrospective ECG-gating. Patients were
trained to perform end-expiratory breath-holds before
the first study. Typical parameters included: field of
view (FOV) � 360 mm � 293 mm, matrix size � 256 �
224 (in-plane resolution of 1.4 mm � 1.3 mm), TR � 4.2

msec, TE � 2.1 msec, slice thickness � 6 mm, slice
gap � 4 mm, flip angle � 70° at 1.5T and 30° at 3T. All
images were acquired using volume shimming at both
1.5 and 3T. All imaging was performed within standard
specific absorption rate (SAR) limits.

Signal and Contrast Assessment

In each study, signal intensity (SI) measurements were
determined by averaging end-diastolic and end-systolic
signals from identical circular regions of interest (ROIs)
in the myocardium, LV blood pool, and RV blood pool
(9). The myocardial ROI enclosed the entire width of the
septal myocardium, while the LV and RV blood pool
ROIs were positioned centrally so as to exclude papil-
lary muscles and trabeculations. Noise measurements
were determined by placing identical ROIs outside the
body in an area that was free from artifact. The stan-
dard deviation (SD) of signal from each noise ROI was
averaged across all images to give measured noise (Nm)
for the study. Effective noise (N) was determined by
correcting Nm by a factor of 0.695, as reported by Hen-
kelman (10) to account for underestimation of noise
measured from magnitude images.

Since parallel imaging techniques like SENSE alter
noise characteristics, noise from accelerated studies
(NSENSE) was estimated based on the following calcula-
tion (9):

NSENSE � �R � g � N

where R represents the acceleration factor (R � 3 in this
study), g represents the geometric factor, and N repre-
sents effective noise from the corresponding nonaccel-
erated 3T study. The geometric factor was determined
using a phantom (11) and was found to have a maxi-
mum value of 1.013. Signal-to-noise ratios in acceler-
ated (SNRSENSE) and nonaccelerated (SNR) studies were
calculated by a method described elsewhere (9). LV and

Table 1
Characteristics of Study Population*

Normal Subjects
(n�20)

Impaired LV Function
(n � 12)

Total
(n�32)

Age (yrs) 51 � 14 52 � 10 51 � 12
Body mass index (kg/m2) 24.0 � 2.8 30.6 � 7.9 27.2 � 6.7
Body surface area (m2) 1.82 � 0.27 2.18 � 0.16 1.96 � 0.29
Male 8 (36%) 11 (79%) 19 (53%)
Female 14 (64%) 3 (21%) 17 (47%)
LVM (g) 97 � 31 198 � 93 136 � 72
LV EDV (ml) 119 � 32 265 � 130 172 � 107
LV ESV (ml) 41 � 15 158 � 140 87 � 104
LV SV (ml) 80 � 22 99 � 20 87 � 23
LV EF (%) 67 � 7 43 � 24 58 � 18
RVM (g) 54 � 12 67 � 19 60 � 17
RV EDV (ml) 130 � 38 187 � 51 152 � 54
RV ESV (ml) 54 � 20 80 � 44 65 � 36
RV SV (ml) 78 � 20 86 � 26 81 � 26
RV EF (%) 60 � 6 52 � 11 57 � 9

*Cardiac measurements are presented as population mean � SD from the results of Study A.
LV, left ventricle; RV, right ventricle; LVM, left ventricular mass; RVM, right ventricular mass; EDV, end-diastolic volume; ESV, end-systolic
volume; SV, stroke volume; EF, ejection fraction.

1140 Maroules et al.

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight



RV contrast-to-noise ratios (CNRs) were determined by
subtracting myocardial SNR from SNR of the LV or RV
blood pool.

Structural and Functional Assessment

All short axis datasets were transmitted to a worksta-
tion for analysis with QMASS MR software (v. 6.2.1;
Medis Medical Imaging Systems, Leesburg, VA). Image
contrast and brightness were held constant for all anal-
yses. Epicardial and endocardial contours were manu-
ally traced by an experienced observer in all end-dia-
stolic and end-systolic frames. The observer was
blinded to subject identity, field strength, and SENSE
factor for assessment of ventricular measurements.
Voxel summation was used to calculate LV and RV
mass, end-systolic volume, end-diastolic volume, and
stroke volume. Papillary muscles were included in
mass calculations, but were excluded in chamber vol-
ume calculations. LV and RV mass were calculated
from images in the end-diastolic frame.

Statistical Analysis

The mean � SD of signal and contrast measurements
were determined for each imaging protocol. Two-sided
Wilcoxon sign-rank tests identified significant differ-
ences between imaging methods. For all analyses a level
of P � 0.05 was considered statistically significant.

Statistical significance of differences in measurement
reproducibility were assessed using the Bland–Altman
method (12). Differences in paired measurements be-
tween imaging methods were used to determine sys-

tematic bias (mean difference) and random error (SD of
differences) associated with each method. Two-sided
Wilcoxon sign-ranked tests identified significant differ-
ences in Bland–Altman reproducibility. Interstudy re-
producibility was also described by coefficients of vari-
ability (13). Coefficients of variability are calculated by
dividing the SD of measurement differences between
two methods (Bland–Altman SD) by the population
mean.

Prior studies have described interstudy reproducibil-
ity with intraclass correlation coefficients (ICC) (14).
However, ICC is strongly influenced by the variance in
the population from which it is assessed, and might not
be comparable for different populations.

Sample sizes required to detect clinical changes in LV
and RV parameters with 90% power and an �-error of
0.05 were determined using the equation (4):

n � f��,P� � �2 � 2/	2

where n represents sample size, � represents signifi-
cance level (0.05), P represents power (0.90), � repre-
sents the interstudy SD, 	 represents the measurement
difference to be detected, and f represents the factor for
different values of � and P (f � 10.5 when � � 0.05 and
P � 0.90). All calculations were performed using SAS
(Release 9.1, SAS Institute, Cary, NC).

RESULTS

MRI Completion

All 32 subjects successfully underwent scanning at 1.5
and 3T. Population characteristics and measures of
ventricular function at 1.5T are presented (Table 1).
Studies from all 32 participants satisfied image quality
requirements and were included in the statistical anal-
yses. Comparable images were acquired using each
method (Fig. 1). The mean scan time was 8 � 2 minutes
at 1.5T, 9 � 3 minutes at 3T (no SENSE), and 3 � 1
minute at 3T (SENSE � 3).

Signal and Contrast Assessment

Table 2 summarizes SNR and CNR data from the study
population using all three methods. RV blood pool SNR
(SNRRVB) was between 20%–26% lower than LV blood
pool SNR (SNRLVB) for each method. Similarly, right

Figure 1. Representative SSFP cine images (short axis view,
mid-ventricular slice).

Table 2
Signal and Contrast Measurements

1.5T (Study A)
3T

(No SENSE)
3T

(SENSE�3)

SNRMyo 12.0 � 3.4 24.5 � 7.8* 14.2 � 4.2
SNRLVB 55.6 � 8.8 108.4 � 21.4* 62.6 � 9.2*
SNRRVB 44.5 � 5.2 82.3 � 13.4* 47.5 � 7.3
CNRLV 43.8 � 6.5 83.9 � 14.5* 48.4 � 7.4*
CNRLV Difference n.a. 
92% 
11%
CNRRV 32.9 � 5.7 57.5 � 12.2* 33.2 � 6.8
CNRRV Difference n.a. 
75% 
1%

*P � 0.05 compared to 1.5T (Study A).
SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio; Myo, septal myocardium; LV, left ventricle; RV, right ventricle; LVB, left ventricular
blood pool; RVB, right ventricular blood pool.
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ventricular CNR (CNRRV) was between 25%–31% lower
than the left ventricular CNR (CNRLV) as determined by
each method. The largest difference between CNRLV and
CNRRV was detected at 3T study using the nonacceler-
ated method (84 � 15 vs. 58 � 12, P � 0.001).

Appreciable gains in SNRRVB (84 � 6%, P � 0.001) and
SNRLV (94 � 5%, P � 0.001) were observed between
nonaccelerated 1.5 and 3T methods, which is consis-
tent with prior studies (8,9). Significant gains in CNRRV

(75 � 5%, P � 0.001) and CNRLV (92 � 7%, P � 0.001)
were also detected between these two methods.

Gains in SNRRV and SNRLV between 1.5T and accel-
erated 3T studies were less (6 � 3% and 13 � 3%,
respectively). CNRLV increased modestly between 1.5T
and accelerated 3T methods (11 � 4%, P � 0.05), but no
significant gains in CNRRV were observed (1 � 3%, P �
0.83).

Interstudy Variability

Bland–Altman bias � SD for LV and RV measurements
are reported along with 95% limits of agreement (Table
3). Coefficients of variability (CoV) for each analysis are
also shown (Fig. 2). We observed good comparability in
all LV measurements between the three imaging meth-
ods. The variability of LV measurements between two
1.5T studies was not significantly different from the

variability between a 1.5T study and an accelerated 3T
study with SENSE. For example, interstudy reproduc-
ibility of LV mass between two 1.5T studies (�0.3 �
4.9 g) was comparable to the interstudy reproducibility
between 1.5T and accelerated 3T studies (�0.9 � 5.2 g,)
P � 0.735 (Fig. 3). Similarly, interstudy reproducibility
of LV ejection fraction between two 1.5T studies (�0.4 �
2.7 units) was comparable to the interstudy reproduc-
ibility between 1.5T and accelerated 3T studies (�0.8 �
3.0 units) P � 0.884.

RV measurements were less reproducible than corre-
sponding LV measurements. However, no significant
differences in RV measurements were detected between
methods. The interstudy reproducibility of RV mass
between two 1.5T studies (�1.7 � 5.2 g) was compara-
ble to the reproducibility between 1.5T and accelerated
3T studies (�2.2 � 5.8 g) P � 0.560 (Fig. 3). Interstudy
reproducibility of RV ejection fraction between two 1.5T
studies (�0.4 � 3.5 units) was comparable to the inter-
study reproducibility between 1.5T and accelerated 3T
studies (�0.9 � 4.2 units) P � 0.815.

Sample Size Calculations

Table 4 shows sample sizes required to detect clinically
important changes in cardiac parameters using serial
SSFP CMR. Values are compared to sample size calcu-
lations previously reported by Grothues et al (4) for
serial FLASH CMR at 1.5T. For example, a sample size
of six would be required to detect a 10 g change in LVM
using serial SSFP CMR at 1.5T. However, eight subjects
would be required to detect the same change if initial
SSFP studies were acquired at 1.5T and follow-up stud-
ies were acquired at 3T using SENSE.

DISCUSSION

The results of this study indicate that: 1) accelerated
SSFP imaging at 3T produces comparable RV and LV
contrast compared to conventional 1.5T imaging; and
2) the reproducibility of RV and LV measurements be-
tween a 1.5T study and an accelerated 3T study using
SENSE is comparable to that observed between two
1.5T studies.

Cine CMR at 1.5T has been considered the gold stan-
dard for assessment of LV and RV mass and chamberFigure 2. Coefficients of variability.

Table 3
Interstudy Bias � SD for Cardiac Measurements (95% Limits of Agreement) Between Methods

1.5T (Study A) vs 1.5T
(Study D)

1.5T (Study A) vs 3T
(No SENSE)

1.5T (Study A) vs 3T
(SENSE�3)

LVM (g) �0.3 � 4.9 (�10.2 to 9.5) �0.8 � 5.3 (�11.5 to 9.9) �0.9 � 5.2 (�11.4 to 9.5)
LV EDV (ml) 0.3 � 6.3 (�12.3 to 12.9) 0.5 � 6.4 (�12.3 to 13.4) 0.4 � 6.3 (�12.3 to 13.1)
LV ESV (ml) 0.4 � 4.8 (�9.2 to 9.9) �0.2 � 4.8 (�9.9 to 9.4) �0.7 � 4.5 (�9.7 to 8.3)
LV SV (ml) 0.2 � 4.5 (�8.8 to 9.2) 0.6 � 4.7 (�8.8 to 10.0) 0.5 � 4.6 (�8.7 to 9.8)
LV EF �0.4 � 2.7 (�5.8 to 5.0) �0.6 � 2.9 (�6.3 to 5.1) �0.8 � 3.0 (�6.9 to 5.2)
RVM (g) �1.7 � 5.2 (�12.2 to 8.7) �2.0 � 5.9 (�13.9 to 9.9) �2.2 � 5.8 (�13.8 to 9.4)
RV EDV (ml) �0.3 � 8.9 (�18.3 to 17.6) �0.4 � 10.5* (�21.4 to 20.6) �1.1 � 9.6 (�20.3 to 18.1)
RV ESV (ml) �0.5 � 7.0 (�14.6 to 13.6) 0.4 � 7.8 (�15.3 to 16.2) 0.3 � 7.4 (�14.6 to 15.3)
RV SV (ml) �0.7 � 6.8 (�14.4 to 12.8) �2.1 � 7.4 (�17.0 to 12.7) �1.9 � 7.1 (�16.2 to 12.3)
RV EF �0.4 � 3.5 (�7.5 to 6.7) �1.2 � 5.1* (�11.4 to 9.0) �0.9 � 4.2 (�9.4 to 7.5)

*P � 0.05 compared to the interstudy variability of two 1.5T exams.
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volumes because of its high spatial resolution, and be-
cause it determines these measurements directly from
a series of tomographic slices without making geomet-
ric assumptions (2,15). Although SSFP CMR has been

performed at 3T, there has been concern that artifacts
(susceptibility and others) could limit the routine use of
3T CMR for cardiac evaluation (16). In this study we
imaged individuals with and without cardiac disease at

Figure 3. Bland–Altman plots comparing interstudy reproducibility between 1.5T and 3T with SENSE to the interstudy
reproducibility between two 1.5T studies for (a) LVM, (b) LV EF, (c) RVM, and (d) RV EF. Limits of agreement (95%) are depicted
by black lines (1.5T vs. 3T, SENSE) and gray lines (1.5T vs 1.5T).

Table 4
Sample Sizes Required to Detect Changes in Cardiac Parameters by SSFP CMRa

Clinically
Important
Change

FLASHb SSFP

Initial: 1.5T
Follow-up: 1.5T

Initial: 1.5T
Follow-up: 1.5T

Initial: 1.5T
Follow-up: 3T

(SENSE)

LVM 10 g 13 6 8
LV EDV 10 ml 10 8 8
LV ESV 10 ml 7 5 5
LV SV 10 ml 6 4 4
LV EF 3 % 11 12 14
RVM 10 g n.a. 7 10
RV EDV 10 ml n.a. 17 18
RV ESV 10 ml n.a. 10 12
RV SV 10 ml n.a. 10 11
RV EF 5 % n.a. 10 12

aCalculations assume power � 90% with �-error � 0.05.
bSample size calculations reported by Grothues et al (4).
n.a., not applicable.
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3T with excellent results. This may be due to the con-
tinued optimization of high field strength sequences,
improved local shimming, and better control of center
frequency compared to earlier studies. The body habi-
tus (body surface area [BSA] and body mass index
[BMI]) in this study parallels the general population in
the United States (17), which suggests our results can
be widely applied to clinical and population-based
studies.

In a prior study, Gutberlet et al (18) evaluated CNR in
both the right and left ventricles at 1.5 and 3T using the
SSFP technique. However, that study did not evaluate
CNR in diseased ventricles or evaluate the effect of par-
allel imaging. To our knowledge, this was the first study
to evaluate both right- and left-ventricular CNR using
the SSFP technique combined with sensitivity encod-
ing. The RV is impacted in a wide range of cardiovas-
cular diseases, and the ability to make accurate and
reproducible RV measurements is of importance (19).
Using conventional 1.5T CMR, CNRRV was found to be
�25% lower than CNRLV, which was attributed to lower
signal intensity detected within the RV blood pool. Sim-
ilarly, gains in CNRRV at 3T were less robust than cor-
responding gains in CNRLV, suggesting a restriction of
RV signal intensity gains at high field strength. This is
an unexpected finding since the RV is closer to the
chest wall and the receiver surface coils than the LV.

One possible explanation for signal loss in the RV
blood pool at 3T is an increase in dark flow artifact over
the right ventricular FOV. Li et al (20) recently de-
scribed the sensitivity of SSFP cine techniques to dark
flow artifact at 1.5T, and demonstrated that these arti-
facts were the product of small magnetic field inhomo-
geneities and center frequency offsets. At 3T these
small magnetic field inhomogeneities would result in
greater absolute frequency differences (6), which would
be expected to lead to greater dephasing and more dark
flow artifact, thus restricting CNR gains. Similar to Li et
al, we observed a lower CNR in the RV as compared to
the LV in our 1.5T scans (CNRRV � 33 vs. CNRLV � 44).
At 3T without SENSE, this difference was greater
(CNRRV � 58 vs. CNRLV � 84). If the mechanism pro-
posed by Li et al is correct, the dephasing could poten-
tially be addressed by reducing the echo time and min-
imizing the absolute frequency differences across the
RV as much as possible.

Another possibility is that reduced oxygen tension
within the RV blood pool causes T2 shortening. Since
the SSFP sequence exhibits T2/T1 contrast weighting,
reducing T2 of the RV blood pool would effectively de-
crease signal intensity (1). Blood oxygen level-depen-
dent (BOLD) effects on T2 are well described (21), and
are more significant at high field strength (22). Never-
theless, a more comprehensive characterization of right
ventricular CNR at 3T is an area for further study.

Serial CMR at 1.5T using FLASH has been shown to
have good interstudy reproducibility for evaluating
myocardial mass and volumes in both the RV and LV
(2–4,15,23,24). However, limited studies describe the
interstudy reproducibility of SSFP CMR with sensitivi-
ty-encoding techniques (9,25,26). Wintersperger et al
(9) compared LV volumetric measurements between
1.5T and accelerated 3T studies using TSENSE, but

neither myocardial mass nor RV volumetric data were
presented, and only ten subjects were studied. Hud-
smith et al (27) reported interstudy variability of cardiac
measurements at 1.5T and 3T, but only four healthy
volunteers were evaluated and parallel imaging was not
used. Finally, Grothues et al reported interstudy vari-
ability of LV (4) and RV (3) measurements by serial 1.5T
CMR, but the studies utilized a gradient echo (FLASH)
sequence instead of SSFP, and the impact of 3T was not
evaluated.

Interstudy variability is traditionally described by the
SD of measurement differences between two studies
(12) and by coefficients of variability (13). We demon-
strated that the variability of LV and RV measurements
between 1.5T and accelerated 3T studies was compa-
rable to the variability between two 1.5T studies. No
significant measurement differences were detected be-
tween the two methods. The study was adequately pow-
ered (90%) to detect a 10% change in variability for
each endpoint. The coefficients of variability we re-
ported for RV and LV measurements are consistent
with previously reported values (3,4). These results in-
dicate that SSFP CMR exams performed at 1.5T and 3T
with SENSE can be routinely compared for evaluation
of cardiac disease progression, assuming standardized
protocols are used.

Highly reproducible methods reduce the sample size
required for clinical trials (28). Currently, SSFP CMR at
1.5T is considered the accepted method for evaluating
cardiac structure and function (2). To our knowledge,
this was the first study to determine sample sizes re-
quired for clinical trials that wish to use serial SSFP
CMR to monitor changes in LV and RV endpoints. We
compared our results to sample size calculations pre-
viously established for LV parameters using FLASH
CMR at 1.5T (4). Although our sample populations were
different, both were similar with respect to mean age,
BMI, BSA, and LV function.

There were several limitations in this study. First,
only four coil elements and receiver channels were uti-
lized, which limited SENSE imaging to a low accelera-
tion factor (R � 3). Additional coil elements permit the
use of higher acceleration factors (9). Second, more
sophisticated parallel imaging techniques have recently
become available to CMR and offer the potential for
greater acceleration than SENSE. Such techniques in-
clude generalized autocalibrating partially parallel ac-
quisitions (GRAPPA) (29) and broad-use linear acquisi-
tion speed-up technique (k-t BLAST) (30). Finally,
different technologists operated the 1.5T and 3T MR
systems. Thus, there was a potential for slice position-
ing bias between operators. We addressed this issue
using a standardized clinical technique in which scout
films from the initial CMR study were used as guides for
coregistration of all subsequent studies. Automated re-
positioning programs have become integrated into
newer MR systems to minimize repositioning error;
however, these programs were not available for our
study.

In conclusion, we demonstrated that SSFP CMR is a
very reproducible technique for evaluating RV and LV
measurements. Using an acceleration factor of R � 3,
SENSE imaging at 3T produces CNR comparable to
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conventional 1.5T imaging with a reduction in total
scan time. Furthermore, the interstudy reproducibility
of RV and LV measurements between a 1.5T study and
an accelerated 3T study is comparable to the interstudy
reproducibility between two 1.5T studies.
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