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Towards high temporal and spatial resolution cardiac imaging with parallel MRI
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Very high temporal resolution cardiac
MRI studies can potentially provide detailed
information about cardiac motion, including

during the early phases of systolic =0 o
contraction and diastolic relaxation. Such EF iy o
information could be useful for evaluating l W
local mechanical dyssynchrony or studying Sh”'sm\_/_\u \_l/_\\_/
valvular function. Mechanical dyssynchrony

has been shown to be a better indicator of Phase-Eacode A

electrical dyssynchrony in the setting of V
chronic heart failure than the conventionally Freggencykncods i_\\_/_\ Famt

used indicator, the elongated QRS complex. T W\I/

On the other hand, very high temporal Echoes [1 1217
resolution flow imaging may prove to be very Ph:ﬁ e

useful for evaluating valvular dynamics, and

for studying flow patterns in the cardiac Figure 1. Phase Train Imaging. Each
chambers. Several new approaches for echo acquires a separate cardiac
dynamic function and flow imaging with MRI phase for the same phase-encoding.

at high temporal and spatial resolutions are
presented.

Higher temporal resolution cardiac MRI
methods have been developed over the last
few years. In particular, multi-echo steady-
state free precession (MESSFP) readouts
have been developed ] which acquire
multiple phase-encode lines per repetition in
order to acquire high resolution data within a
breathhold. While Herzka, et al. were able
to achieve a temporal resolution of 5 ms with
this approach [2], studying details of early
mechanical activation and contraction may
require even higher temporal resolution.
However, the MESSFP approach presented
by Herzka, et al. is naturally limited to 5 ms
temporal resolutions due to the need to
incorporate  means to minimize phase
discontinuities between successive echoes
in the echotrain readout. While single echo
SSFP sequences can provide higher
temporal resolution (~ 2.5 ms), these are not
usually utilized for high resolution imaging,
due to the large number of RF pulses that
need to be applied in order to acquire the
data.

Phase Train Imaging:

Recently, we have introduced the phase
train imaging (PTI) approach [3] which
attempts to overcome some of the
limitations indicated above. While it is a
multi-echo SSFP technique, it differs from
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the conventional implementations in that
each echo of the echotrain acquires the
same phase-encoding line; this line is then
assigned to a different cardiac phase.

The data for each cardiac phase is
reconstructed separate from the data of the
other echoes. This eliminates the need to
align all the lines acquired by the echoes of
an echotrain; which in turn reduces the
duration of the echotrain. Also, since each
echo of the echotrain provides a different
image, the temporal resolution of the
acquisition is higher than that achieved by
conventional MESSFP (cMESSFP)
approaches or single-echo  TrueFISP
techniques. Due to the fact that no image
acquisition is performed during slice
prescription, there is a staggered acquisition
of data points, making it difficult to define a
true temporal resolution for this sequence;
for this purpose, an average temporal
resolution can be defined by the TR
(repetition time) divided by the number of
echoes in the echotrain. Figure 1 shows the
implementation of phase train imaging (PTI)
over a single repetition (echotrain length
(ETL) of 3 echoes is considered in this
example).

Shifted k-space Imaging (SKIM):

The SKIM approach was initially
developed as a means for acquiring
hyperpolarized *He images of the lungs in a
rapid fashion [4]. Figures 2 and 3 illustrate
this approach for a multi-echo sequence
where each echo acquires a different image
and phase-encoding blips are applied




between the echoes such that the time to
reach the center of k-space for each of the
echoes can be controlled.

The SKIM approach can be adapted for
acquiring high spatial resolution (and
relatively high temporal resolution) cardiac
images in a short breathhold. For a single-
echo cardiac acquisition, SKIM can be
performed across multiple repetitions,
enabling higher spatial resolution data to be
acquired in a short breathhold. Using a 32-
channel cardiac array at 3T in combination
with GRAPPA [5] (parallel imaging rate 3),
cardiac images with spatial resolution of 900
x 900 um? with 50 ms temporal resolution
have been acquired in a 18 second
breathhold scan. Preliminary TrueFISP and
FLASH images are shown in Figure 4.

60

—Echo1
—Echo 2
407 Echo 3

_40

-60

Figure 2. k-space travel by each echo
of multiecho sequence (illustration of an
echo train of 3 echoes)
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Figure 3. Pulse sequence per TR.
SS: Slice-select, PE: phase encode,
RO: frequency-encode (readout
direction), Ei: i™ echo (i: 1..3)
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Figure 4. High spatial resolution cardiac
imaging at 3T with SKIM approach. (L)
TrueFISP. (R). FLASH.

Summary:
Multiecho SSFP approaches may be

successfully exploited, in combination with
parallel imaging, to obtain cardiac flow and
function information with higher temporal
and spatial resolutions than are currently
available, and in clinically relevant
breathhold durations.
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