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IMPACT: Orientation and deformation changes
of left ventricular cardiomyocyte aggregates
underlie many forms of cardiovascular
disease. In vivo cardiomyocyte aggregate
shortening (Eff) has mechanistic significance,
but there exists no established technique to
measure in vivo Eff. We present a pipeline to
compute
Eff
by
combining
multi-slice
Displacement Encoded with Stimulated Echoes
(DENSE) MRI and in vivo cardiac Diffusion
Tensor Imaging (cDTI) data.

Stanford

MEDICINE

Cardiomyocyte
Strain

Program #2104

INTRODUCTION
Introduction:
• Changes in the orientation and
deformation of left ventricular (LV)
cardiomyocyte aggregates underlie
many forms of cardiovascular
disease (e.g., dilated
cardiomyopathy1 and hypertrophic
cardiomyopathy2).
• Global metrics of LV function, such
as ejection fraction, are mainstays
in the diagnosis of cardiovascular
disease, but provide no tissue-level
insights into the mechanisms of LV
dysfunction.

There exists no established
technique to measure in vivo
cardiomyocyte performance.
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cardiomyocyte
aggregate shortening is
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gross heart contraction
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Cardiac Diffusion Tensor
Imaging (cDTI) measures
cardiac microstructure

OBJECTIVES

Displacement Encoded with
Stimulated Echoes (DENSE)
measures cardiac motion

1) To directly compute in vivo Eff without mathematical assumptions
using multi-slice DENSE MRI and cDTI data.
2) To compare the spatial uniformity of Eff with anatomically defined
metrics of cardiac strain. measurements.
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METHODS

Methods:

IMAGING PROTOCOL

cDTI Acquisition
cDTI data were acquired in healthy
swine (N=8) at 3T (Prisma, Siemens).
LV microstructure was measured with
in vivo cDTI at a single midventricular slice location at midsystole using a CODE motion
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DENSE Acquisition
LV displacements were captured at
two short-axis locations spaced 4mm
above and below the cDTI data2
using a DENSE MRI sequence:
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Using an open-source MatLab tool4,5,
the measured x, y and z phase data
were spatiotemporally unwrapped to
yield voxel-wise, time-resolved
Lagrangian LV displacements.
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METHODS

Methods:
All state of the art cDTI sequences,
including the CODE sequence used
in this work, have reported significant
signal dropout due to cardiac motion
at the beginning of systole [1,2].
Because registration to beginning of
systole is inevitable, we acquired
cDTI data where SNR is highest,
which is typically at the middle of
systole.
Therefore, the measured cDTI data
had to be mapped from midsystole to the beginning of systole
using the DENSE measured
deformation.
A Local Maximum-Entropy (LME)
approximation scheme [3] was used
to compute the deformation mapping
at all cDTI voxels (Xq) in between the
two DENSE slices. The deformation
gradient F at Xq was then computed
as:

where Fij is the (ij) component of F, m
is the number of DENSE voxels (or
nodes) ‘a’ inside a search radius ‘r;
from Xq, ai is the component ‘I’ of
node ‘a’ deformation mapping, Na is
the LME shape function at node ‘a’,
and Na,J(Xq) is the derivative of Na in
the J direction evaluated at Xq.

After mid-systolic Xq and f were
mapped to the beginning of systole
reference configuration, F was
recomputed through systole using the
beginning of systole as reference
configuration. Strains at each Xq
were computed at all imaged cardiac
phases according to:

STRAIN CALCULATION
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Figure 1 - Results for
tissue compressibility
through time across all
subjects (S1-S8) as
computed via the Jacobian
of the deformation
gradient tensor. Solid blue
line represents the median
at each cardiac phase,
and thin blue line
represents the 25th and
75th quartiles. A Jacobian
of 1 (horizontal red line)
denotes perfectly
incompressible
myocardium. Lower values
at peak systole are
consistent with
compression of the
vascular compartment
during this phase.
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Median (IQR) tissue incompressibility measured from the DENSE displacement
field at peak systole was 3.5% (2.6%, 6.0%) across all subjects.
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Figure 2 - Eff, Ecc, Ell, and
Err through time (horizontal
axis, measured in ms)
across all subjects (S1S8). Solid lines represent
the median at each
cardiac phase, while thin
lines represent the 25th
and 75th quartiles. The
reference state for all
strains (i.e., Evv = 0) was
defined as the beginning
of systole
(time = 0 ms).
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and
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RESULTS
Table 1 - Median (IQR)
Transmural strain results
for all healthy subjects at
peak systole. Statistical
analyses are shown for
strains across 3
transmural layers.
P < 0.01 was considered
significant.

Figure 3 - Transmural
changes in Eff (black) and
Ecc (grey) at peak systole
in subjects S1 through S8.
All strain data was placed
into ten transmural bins.
Medians and IQR (vertical
lines) at each bin location
are shown. In agreement
with the findings supported
by the P values in Table 1,
Eff presents a markedly
lower transmural gradient
with respect to Ecc.
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CONCLUSION
In this work, a framework is
presented that measures
microstructurally-anchored
cardiac deformation by
integrating cine DENSE MRI
and in vivo cDTI data.

DENSE
MRI

For more information regarding
evaluation of the strain accuracy and
precision of the presented pipeline
using a computational phantom
please see Program #2103.

cDTI
Cardiomyocyte Strain

Cardiomyocyte strain is a more
spatially uniform metric of LV
motion than circumferential
strain.

This framework is used to
compute in vivo cardiomyoctye
strain in 8 healthy subjects.

Cardiomyocyte strain is a more
microstructurally-anchored
metric of LV motion.
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