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Purpose: To evaluate quantification results of single breath-hold (SBH) magnetic
resonance (MR) cine imaging compared to results of conventional multiple breath-
hold (MBH) technique for left ventricular (LV) function in patients with cardiac
arrhythmia.

Materials and Methods: MR images of patients with arrhythmia who underwent
MBH and SBH cine imaging at the same time on a 1.5T MR scanner were
retrospectively reviewed. Both SBH and MBH cine imaging were performed with
balanced steady state free precession. SBH scans were acquired using temporal
parallel acquisition technique (TPAT). Fifty patients (65.4 + 12.3 years, 72% men)
were included. End-diastolic volume (EDV), end-systolic volume (ESV), stroke volume
(SV), ejection fraction (EF), myocardial mass, and LV regional wall motion were
evaluated.

Results: EF, myocardial mass, and regional wall motion were not significantly
different between SBH and MBH acquisition techniques (all P-values > 0.05).
EDV, ESV, and SV were significant difference between the two techniques. These
parameters for SBH cine imaging with TPAT tended to lower than those in MBH. EF
and myocardial mass of SBH cine imaging with TPAT showed good correlation with
values of MBH cine imaging in Passing-Bablok regression charts and Bland-Altman
plots. However, SBH imaging required significantly shorter acquisition time than MBH
cine imaging (15 + 7 sec vs. 293 + 104 sec, P < 0.001).

Conclusion: SBH cine imaging with TPAT permits shorter acquisition time with
assessment results of global and regional LV function comparable to those with MBH
cine imaging in patients with arrhythmia.

Keywords: Temporal parallel acquisition technique; Single breath-hold cine magnetic
resonance; TGRAPPA; Arrhythmia; Left ventricular function
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INTRODUCTION

Accurate and reproducible assessment of global left
ventricular (LV) function is essential for clinical diagnosis,
risk identification, estimation of prognosis, and treatment
of cardiovascular disease (1, 2). Electrocardiogram (ECG)-
gated multiple breath-hold (MBH) cine magnetic resonance
imaging (MRI) has been regarded as the standard of
reference for precise evaluation of LV function due to its
high signal-to-noise ratio (SNR), high contrast-to-noise
ratio (CNR), and excellent temporal resolution (3, 4). The
precise quantitative evaluation of LV function with MBH
cine MRI is based on a parallel stack of short-axis slices
with steady-state free precession (SSFP) cine pulse sequence
from LV base to apex. Each slice is obtained during breath-
hold. SSFP yields excellent endocardial contour contrast.
It facilitates accurate and automated segmentation of
endocardial and epicardial contours to analyze ventricular
function (1, 5).

However, ECG-gated MBH cine MRI using SSFP technique
is time consuming for LV function with whole-ventricle
acquisition time up to 12 min (6-8). Additionally, heart rate
and rhythm of patients must be regular to obtain adequate
images. Blurring of cine images may occur in patients with
arrhythmia (9). Therefore, evaluation of LV function in
patients with arrhythmia is limited as data acquisition is
synchronized to cardiac rhythm and spread over multiple
heart beats.

Temporal parallel acquisition technique (TPAT) permits
more rapid image acquisition as this technique skips phase
encoding steps and reconstructs missing k-space lines
from multi-element coil sensitivity profiles (10). However,
TPAT can result in reduced SNR but increased artifact
(9). A previous study has reported the feasibility of using
accelerated cine MRI for tachycardia (11). However, their
data were obtained from an animal study. Therefore, the
objective of the present study was to assess quantification
results of single breath-hold (SBH) MR cine imaging
compared to results from conventional MBH technique for
LV function in patients with cardiac arrhythmia.

MATERIALS AND METHODS

Study Population

This retrospective study was approved by our Institutional
Review Board. Informed consent was waived due to its
retrospective nature. Between February 2012 and April
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2015, 50 consecutive patients with arrhythmia who
underwent both MBH and SBH cine MRI at the same
time were enrolled. Patients enrolled in the study had
several classes of arrhythmias, including atrial fibrillation
(n = 15), atrial flutter (n = 2), ventricular tachycardia (n
= 2), ventricular premature contraction (n = 10), atrial
premature contraction (n = 4), atrioventricular block (n =
6), left anterior fascicular block (n = 2), sinus bradycardia/
tachycardia (n = 6), paroxysmal supra-ventricular
tachycardia (n = 2), and right bundle branch block (n =
1). All patients were clinically indicated for cardiovascular
magnetic resonance (CMR) imaging based on various
pathologies: myocardial infarction, n = 15; cardiomyopathy,
n = 19; valvular heart disease, n = 10; heart failure, n
= 2; pericardial disease, n = 2; amyloidosis, n = 1; and
pulmonary artery hypertension, n = 1.

Cardiovascular Magnetic Resonance (CMR)

CMR images were obtained using a 1.5-T MR system
(Magnetom Avanto; Syngo MR B17 version; Siemens
Medical Solution, Erlangen, Germany) equipped with a
maximum strength gradient of 45 mT/m, a slew rate of
200 mT/m/msec, and a 32-channel body array coil. CMR
scans consisted of localizing images (axial, coronal, and
sagittal) and cine scans (2-chamber view, 3-chamber view,
4-chamber view, and short-axis view). All scans were
carried out by qualified technicians and supervised by an
experienced radiologist.

After acquisition of scout images, balanced SSFP cine
images with generalized auto-calibration of partially
parallel acquisitions (GRAPPA; Siemens Medical Solutions,
Erlangen, Germany) reconstruction algorithm were obtained
during MBH. LV short-axis images were acquired at 10
mm intervals (6 mm thickness with intersection gap of 4
mm) from LV base to apex in order to include the entire
LV volume by using retrospective ECG-gating with the
following parameters: repetition time/echo time, 3.13
msec/1.31 msec; flip angle, 72°; field of view, 240 x 300
mm?: matrix, 256 x 150; spatial resolution, 1.29 x 1.29 mm;
temporal resolution, 50.08 ms; and GRAPPA acceleration
factor, 2. Within one R-R interval, 30 contiguous images
were acquired for each slice level.

SBH cine imaging over the whole LV volume was
performed in short-axis slices using a combined GRAPPA-
accelerated SSFP sequence and a TPAT reference scanning
mode with prospective ECG-gating. The following
parameters were used: repetition time/echo time, 2.68
msec/1.16 msec; flip angle, 72°; field of view, 240 x 300
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mm?; and matrix, 256 x 150; spatial resolution, 1.98 x 1.98
mm; temporal resolution, 80.40 ms; and acceleration factor,
3. SBH images were acquired directly after MBH images.
Within one R-R interval, 6 to 14 contiguous images were
acquired depending on heart rate.

Cardiovascular Magnetic Resonance Analysis

CMR image analyses were performed by two independent
investigators (S.H.B. and S.M.K. with 6 and 10 years of
experience, respectively) who were blinded to clinical results
and each other's assessment. Each reader analyzed either
SBH cine imaging with TPAT or the standard single-slice
imaging.

Quantitative evaluation of LV volume and mass was
performed for the end of diastole and the end of systole.
Frames with the largest and smallest ventricular volumes
were chosen as end diastole and end systole, respectively.
LV end-diastolic volume (LVEDV), LV end-systolic volume
(LVESV), LV ejection fraction (LVEF), and LV mass were
calculated from short-axis cine images using ARGUS™
software (Siemens Healthcare, Erlangen, Germany). Manual
editing of automatically segmented endocardial and
epicardial borders was performed for all data-sets. Papillary
muscles and endocardial trabeculations were included in
the calculation of LV volume. LV mass was measured by
multiplying the sum of total LV myocardial volumes from
cine images by specific gravity of the myocardium.

Qualitative analysis of regional wall motion was
performed on short-axis cine images. Regional wall motion
abnormalities were classified as normal, hypokinesia, or
akinesia for 16 segments based on the standard American
Heart Association's (AHA) segmentation except for apex
(12). Regional wall motion abnormalities were graded for
each segment using the following classification system: 1
= normal, 2 = hypokinesia, and 3 = akinesia (13). Regional
wall motion analysis was performed for 800 segments in
each technique. A total of 1600 segments were analyzed.
Difference in measured values by both investigators were
resolved by their final consensus. Consensus values were
used to analyze LV function and regional wall motion.

SNR and CNR were calculated using region of interest
(ROI) for signal and noise. For SNR and CNR evaluation,
mean signal intensity within septum and lateral wall of left
ventricle, signal intensity of LV cavity, an mean standard
deviation (SD) of background noise in two different ROI
were assessed at mid-ventricular level on short-axis view.
The mean value measured by the two investigators was used
for the analysis. SNR was calculated as the signal intensity
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of the myocardium divided by the SD of background noise.
CNR was measured as the difference between the signal
intensity of LV cavity and that of the myocardium divided by
the SD of background noise. Regions with obvious artifact
were avoided for the evaluation of SNR and CNR.

Statistical Analysis

Continuous variables were expressed as mean + SD.
Bland-Altman plot and Passing-Bablok regression charts
were employed to examine the degree to which the two
techniques produced the same results of volumetric data. LV
functional parameters and myocardial mass were compared
between the two techniques using paired t-test or
Wilcoxon signed rank test. Difference in observed numbers
of segments with wall motion abnormality between the
two techniques was compared using McNemar's test. Inter-
observer agreement for measurement of LV functional
parameters and regional wall motion was assessed using
intra-class correlation coefficient (ICC) and weighted kappa
analysis. Wilcoxon signed rank test was used to assess any
difference between SNR and CNR of the two techniques. For
all data analyses, a P-value of less than 0.05 was considered
statistically significant. All analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC, USA) and R 3.2.5
(Vienna, Austria; http://www.R-project.org/).

RESULTS

Fifty patients with arrhythmia (36 men, 14 women; mean
age, 65.4 + 12.3 years; range, 38 to 89 years) were included
in this study. Semiautomatic contour drawing was feasible
in all patients for MBH and SBH cine images. SBH cine
imaging with TPAT required substantially shorter acquisition
time than MBH cine imaging (15.7 + 7 sec vs. 293 + 104
sec, P < 0.001). The image number of contiguous cine
images was 30 in MBH and 10.3 + 2.8 in SBH technique.

Results of volumetric analysis and myocardial mass of
MBH and SBH cine imaging are summarized in Table 1.
EDV, ESV, and SV showed significant difference between
the two techniques (P < 0.000, P = 0.001, and P = 0.000,
respectively). SBH cine imaging with TPAT showed
slightly lower EDV, ESV, and SV compared to MBH cine
imaging. SBH cine image with TPAT showed a tendency to
overestimate myocardial mass in comparison with MBH
cine imaging. EF and myocardial mass were not significant
different between the two techniques (P = 0.942 and P =
0.625, respectively). EF and myocardial mass of SBH cine
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imaging with TPAT showed good correlation with values of
MBH cine imaging in Passing-Bablok regression charts and
Bland-Altman plots (Figs. 1, 2). All variables of LV global
function and myocardial mass were strongly correlated with
each other between the two observers (MBH cine ICC =
0.96-1.0 vs. SBH cine ICC = 0.92-1.0).

Analysis of regional wall motion abnormality was
performed for all 50 patients in a total of 1600 segments.
Results are shown in Figure 3. In evaluation of regional
wall motion abnormality, 493 segments were normal, 153
segments showed hypokinesia, and 154 segments showed
akinesia when MBH cine imaging was evaluated. There were
498 segments with normal, 178 segments with hypokinesia,
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and 124 segments with akinesia when SBH cine imaging
was evaluated. Regional wall motion abnormalities were
not significantly different between the two acquisition
techniques (P = 0.552). Inter-observer agreement between
the two observers was excellent (MBH cine k = 0.813 vs.
SBH cine k = 0.844).

SNR and CNR were not significantly different between
the two techniques. The SNR of SBH cine imaging with
TPAT tended to be higher than that of MBH cine imaging
(114.1 + 79.1 vs. 88.6 + 34.7, P = 0.066). However, the CNR
was lower in SBH cine imaging with TPAT compared to that
in MBH cine imaging (322.4 + 243.6 vs. 347.1 + 157.7, P =
0.377). Values had excellent correlation between the two

Table 1. Global LV Functional Parameters and Myocardial Mass Measured by SBH Cine Imaging with TPAT and MBH Cine Imaging

SBH cine imaging

MBH cine imaging

Mean £ SD Mean £ SD Fyalle

EDV* 195.6 + 120.0 207.8 £ 125.8 < 0.000
ESV 115.3 + 107.4 119.7 + 108.7 0.001
Sv* 789 + 31.6 85.6 + 35.1 0.000
EF 48.9 + 18.4 48.8 + 17.8 0.942
MM 152.8 + 56.9 151.8 + 56.6 0.625

Global LV function parameters and MM were compared between the two techniques using paired t-test or Wilcoxon signed rank test.

*Data were analyzed using Wilcoxon signed rank test.

EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume; LV = left ventricular; MBH = multiple breath-hold; MM = myocardial mass; SBH = single

breath-hold; SD = standard deviation; SV = Stroke volume.
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Fig. 1. Passing-Bablok regression chart (a) and Bland-Altman plot (b) of EF obtained from SBH and MBH hold cine imaging.
EF values in SBH cine imaging with TPAT showed good correlation with those in MBH cine imaging. EF = ejection fraction;
MBH = multiple breath-hold; SBH = single breath-hold; TPAT = temporal parallel acquisition technique
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Fig. 2. Passing-Bablok regression chart (a) and Bland-Altman plot (b) of myocardial mass obtained from SBH and MBH cine
imaging. Myocardial mass in SBH cine imaging with TPAT was correlated with that in MBH cine imaging. SBH cine imaging
with TPAT revealed a tendency to overestimate myocardial mass compared to MBH cine imaging. MBH = multiple breath-
hold; SBH = single breath-hold; TPAT = temporal parallel acquisition technique

500 4

»
=1
S

EmNommal

W Hypokinesia

&S
5

Akinesia

Frequency
o
S

~
S

N I
0
Multiple breath-hold cine imaging Singple breath-hold cine imaging

Fig. 3. Distribution of regional wall motion abnormality
evaluated by two acquisition techniques (n = 800 segments
in each technique). Regional wall motion abnormality was
not significantly different between the two acquisition
techniques (P = 0.552).

observers (ICC, 0.85; 95% confidence interval, 0.80-0.89).
DISCUSSION

TPAT-accelerated SBH cine imaging results were
correlated with MBH cine imaging results. No significant
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difference in the assessment of LVEF or LV myocardial mass
was found between the two techniques. In regional wall
motion abnormality analysis, the two acquisition techniques
showed no significant difference either. SNR and CNR of
SBH cine imaging with TPAT were not significantly different
compared with those of MBH cine imaging. However, CNR
in SBH cine imaging tended to be lower than that in MBH
cine imaging. Previous studies have demonstrated that
global LV function and regional wall motion have adequate
agreement between MBH and SBH cine imaging in healthy
people and patients with acute myocardial infarction (7,
14-16). However, the accuracy of SBH cine imaging with
TPAT for evaluating global and regional LV function in
patients with arrhythmia has not been described. Our study
demonstrated the feasibility of SBH cine imaging with TPAT
for the evaluation of global and regional LV function in
patients with cardiac arrhythmia.

MBH cine imaging with an SSFP sequence has been
widely considered the gold standard for assessing LV
function due to its excellent accuracy and reproducibility
(11). However, this technique compromises image quality.
In addition, assessment of LV function is limited in ECG-
synchronized cine acquisition with SSFP for patients with
arrhythmia (Fig. 4) (17, 18). MBH cine imaging may also
fail in patients who cannot tolerate repeated breath-
holds. Acceleration techniques that can acquire multiple
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b

Fig. 4. Mid-ventricular short-axis images of a 78-year-old female with atrial fibrillation obtained with MBH cine imaging (a)
or SBH cine imaging with TPAT (b). MBH cine imaging resulted in blurring of the myocardium.

cine images with SBH are gradually becoming available for
routine clinical use (14). TPAT has been used for functional
analysis in terms of scan time, image quality, and spatial
or temporal resolution (7, 19). Additionally, SBH multi-slice
imaging using TPAT may reduce slice misalignment effects
of cardiac motion due to respiration (7, 20). In previous
studies, several strategies have been examined to determine
LV function with TPAT (14, 21-24). Accelerated SBH
imaging in combination with a guide-point modeling post-
processing technique might be useful for rapid evaluation
of accurate LV function. However, accurate evaluation
of LV function using regional wall motion abnormality is
compromised by limited section of LV myocardium (7, 24).
Therefore, whole myocardial coverage and rapid image
acquisition are required for clinical evaluation.

In previous studies, EDV and ESV for SBH cine imaging
with TPAT tend to be relatively low (5, 7, 16). Wintersperger
et al. (5) have reported that CNR is decreased with
increased acceleration (51% decrease at acceleration
factor [R] = 4, 86% decrease at R = 7) and that CNR losses
are accompanied by a reduction in image quality. Hunold
et al. (25) have revealed a 34-49% reduction in SNR for
R = 2. SNR and CNR loss can impair the visualization
of small endocardial trabeculation, resulting in inferior
delineation of endocardial trabeculation which may have
led to underestimation of LV volumetric parameters (7, 16).
Results of our study were consistent with these findings.
Values of EDV and ESV in SBH cine imaging with TPAT
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tended to be smaller than those measured in MBH cine
imaging. In our study, underestimation of EDV, ESV, and
SV on SBH cine image might be due to low frame number
(image number/RR interval) (30 in MBH technique vs. 10.3
+ 2.8 in SBH technique). However, the SBH cine imaging
with TPAT overestimated the LV mass (152.8 + 56.9 vs.
151.8 + 56.6). Wintersperger et al. (16) have demonstrated
that accelerated cine MR imaging can overestimate the
average myocardial segment thickness due to SNR and CNR
loss. Overestimation of wall thickness for lower tendency of
CNR in TPAT might have contributed to the overestimation
of LV mass in our study.

Several studies have analyzed regional wall motion using
SBH TPAT imaging. Nassenstein et al. (7) have shown that
regional wall motion is not significantly different between
single-slice imaging and SBH multi-slice imaging. In our
study, MBH cine imaging encompassed 30 images while
SBH cine imaging encompassed 6 to 12 images. In spite of
the small number of acquired images, analysis of regional
wall motion abnormalities of SBH cine imaging using TPAT
was not significantly different compared to that with MBH
cine imaging.

This study has several limitations. First, this was a
retrospective study. Various types of arrhythmia were
included. Second, image acquisition at various acceleration
factors was not performed. In addition, we could not
suggest a strategy that might produce optimal image
quality in patients with arrhythmia. The final limitation to

25



IMRI

this study was its small sample size. Subsequent studies
with larger populations of patients with arrhythmia are
needed to validate our results.

Our study demonstrated that SBH cine imaging with TPAT
could permit rapid acquisition with results comparable to
those of conventional MBH cine imaging for global and
regional LV function in patients with arrhythmia. Therefore,
SBH cine imaging with TPAT instead of MBH cine imaging
may be useful for patients with arrhythmia to assess LV
function in light of patient comfort.
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