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Three-dimensional cardiac strain analysis using medical imaging in patients with
congenitally corrected transposition of the great arteries
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The purpose of this study was to develop a three-dimensional cardiac strain
analysis method using MRI and CT images, and to establish a diagnostic method for predicting
prognosis of the patients with corrected transposition of the great arteries. To achieve the
research aims, we developed the methods of computer analysis for medical imaging. And we
investigated the usefulness of our proposed analytical methods by the clinical researches.

A method for three-dimensional analyze for the myocardial motility (Japanese Patent No. 6748866) and
a method for quantifying the complexity of the morphology of ventricle and applying it to the
diagnosis of ventricular remodeling (Japanese Patent Application No. 2019-117483) have filed a
patent application. Further, clinical studies applying these technologies were published in European
Radiology (official journal of the RSNA) and Radiology: Cardiothoracic Imaging (official journal of
the ESR), respectively.
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Objectives: To evaluate the usefulness of right ventricular (RV) area strain analysis via cardiac MRI (CMRI)
as a tool for assessing the treatment effects of balloon pulmonary angioplasty (BPA) in inoperable chronic
thromboembolic pulmonary hypertension (CTEPH), RV area strain was compared to two-dimensional (2D)
strain with feature-tracking MRI (FTMRI) before and after BPA.
Methods: We retrospectively analyzed 21 CTEPH patients who underwent BPA. End-systolic global area
strain (GAS), longitudinal strain (LS), circumferential strain (CS), and radial strain (RS) were measured
before and after BPA. Changes in GAS and RV ejection fraction (RVEF) values after BPA were defined as
AGAS and ARVEF. Receiver operating characteristic (ROC) analyses were performed to determine the
optimal cutoff of the strain at after BPA for detection of improved patients with decreased mean pulmonary
artery pressure (mPAP) less than 30 mmHg and increased RVEF more than 50%.
Results: ROC analysis revealed the optimal cutoffs of strains (GAS, LS, CS, and RS) for identifying
improved patients with mPAP < 30 mmHg (cutoff (%) = — 41.2, — 13.8, — 16.7, and 14.4: area under the
curve, 0.75, 0.56, 0.65, and 0.75) and patients with RVEF > 50% (cutoff (%) =— 37.2, — 29.5, — 2.9, and
14.4: area under the curve, 0.81, 0.60, 0.56, and 0.56).
Conclusions: Area strain analysis via CMRI may be a more useful tool for assessing the treatment effects
of BPA in patients with CTEPH than 2D strains with FTMRI.
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Purpose: To assess a recently available technique for quantification of right ventricular (RV) trabeculae that
is based on fractal analysis performed by using cardiac MRI feature tracking, in patients with congenitally
corrected transposition of the great arteries (cc-TGA).

Materials and Methods: A total of 19 patients (eight men, 11 women; mean age, 35 years + 10 [standard
deviation]) with consecutive cc-TGA who underwent cardiac MRI were enrolled in the study. For analysis,
patients were divided into two groups: six patients (four men, two women; mean age, 34 years £+ 14) with
an end-systolic RV volume index higher than 72 mL/m2 (indicative of adverse RV remodeling) and 13
patients (four men, nine women; mean age, 36 years = 9) in whom this index was lower than or equal to 72
mL/m2 (indicative of adapted RV). The following outcomes were quantified in the midsection of the RV:
fractional fractal dimension (FD) and diastolic FD, circumferential strain, and radial strain. Receiver
operating characteristic (ROC) analysis was performed to determine the cutoff FD values for the detection
of adverse RV remodeling. Correlations among fractional FD, diastolic FD, circumferential strain, and
radial strain were calculated by using Pearson correlation coefficient () analysis.

Results: The following ROC values were identified for fractional and diastolic FD: cutoff, 0.09 and 1.39,
respectively; area under the ROC curve, 0.95 and 0.68, respectively; sensitivity, 1.00 and 0.33, respectively;
and specificity, 0.92 and 1.00, respectively. Fractional FD correlated with circumferential strain and radial
strain (r = —0.70 and 0.69, respectively; P < .01), as did diastolic FD (r = 0.37 and —0.38, respectively; P
<.095).

Conclusion: The fractional FD derived from cardiac MRI feature-tracking analysis correlates with adverse

RV remodeling, including a changed strain pattern and trabeculae, in patients with cc-TGA.
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