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3D mapping of post-infarction scarring
increases the prognostic potential of cardiac

MRI

September 28 2021
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A multidisciplinary team of scientists based at the Universidad de
Valladolid and the Centro Nacional de Investigaciones Cardiovasculares
(CNIC) has developed a highly efficient method for identifying the
3-dimensional features of the scar tissue formed after a myocardial
infarction. The study was carried out in partnership with scientists and
clinicians at Hospital Clinico San Carlos, Hospital Universitario la Paz,
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Fundacion Jiménez Diaz, Hospital Ruber Juan Bravo Quironsalud, the
Universidad Politécnica de Madrid, the Centro de Supercomputacion de
Barcelona, Philips Healthcare Iberia, the CIBERCV, and the
CIBERBBN.

The new method allows three-dimensional transmural (across the
ventricular wall) mapping of scar tissue in the infarcted muscle.
Transmural mapping of the infarcted tissue enables highly detailed
characterization of the morphology of the damaged tissue and provides
an accurate measure of infarct size relative to myocardial wall thickness,
a parameter known as transmurality.

CNIC scientist David Filgueiras says, "A major advantage of this new
method is its full compatibility with standard cardiac magnetic resonance
(CMR) sequences that take just a few minutes to acquire. This approach
can thus significantly shorten the time needed for image acquisition,
easing access to in-demand nuclear magnetic resonance scanners."

"This novel methodology may provide an efficient approach in clinical
practice after manual or automatic segmentation of myocardial borders
in a small number of conventional 2D slices and automatic scar
detection," write the authors in an article published in Scientific Reports.

The results of the study show that low scar transmurality on CMR (below
10% of ventricular wall thickness for 3D sequences or 20% for 2D
sequences) is associated with the clinical presentation of tachycardias
involving infarcted ventricular tissue, known as ventricular tachycardias.

Describing the results study first authors Susana Merino of Valladolid
University and Lilian Karina Gutiérrez of the CNIC said that the results
reveal a significant correlation between low scar transmurality and the
cardiac frequency of spontaneous ventricular tachycardia episodes.
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The results also show that patients with low scar transmurality values had
a higher probability of ventricular tachycardia recurrences during long-
term follow-up.

The new method is especially promising because it uses conventional 2D
delayed gadolinium-enhanced CMR sequences and requires only a
limited number of slices. This technology is available at all centers that
carry out CMR studies, and the method does not require 3D CMR
studies.

Technology development

The method was developed through technical, experimental, and clinical
collaboration under the umbrella of a specific partnership between
Valladolid University and the CNIC. Joint lead author Carlos Alberola
explained that the technical advances of the method are built on
procedures developed in the Image Processing Laboratory at Valladolid
University.

"The first of these advances is a method for interpolating images that
preserves topology. This allows high-resolution 3D images to be
generated with a high level of precision from the images obtained with
conventional CMR procedures."

"A second advance is a mathematical method for characterizing fibrous
tissue formed in the myocardial wall after an infarction. This tool
provides a measure of the full 3D morphology of the scar relative to the
thickness of the myocardium, a parameter known as transmurality." The
method uses a procedure based on partial differential equations to
provide point-wise correspondences between the endocardium and the
epicardium. These correspondences allow the definition of multiple
indicators of the extent of the infarction.
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The experimental arm of the study involved input from the Advanced
Development in Arrhythmia Mechanisms and Therapy group at the
CNIC, led by Dr. David Filgueiras. This group provided expertise in
experimental models of myocardial infarction, essential for validating
the methodology.

The CNIC laboratory also coordinated the study of the clinical
application of the new method, in partnership with a multidisciplinary
team of experts in the diagnosis and treatment of complex cardiac
arrhythmias.

More information: Susana Merino-Caviedes et al, Time-efficient
three-dimensional transmural scar assessment provides relevant substrate
characterization for ventricular tachycardia features and long-term
recurrences in ischemic cardiomyopathy, Scientific Reports (2021). DOIL:
10.1038/541598-021-97399-w
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