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Background

Patients after surgical repair of Tetralogy of Fallot (rTOF) have right ventricular (RV)
dysfunction and may subsequently suffer a decrease in left ventricular (LV) function. Previous
studies evaluating the assessment of L'V torsion in this group have shown poor reproducibility
using cardiovascular magnetic resonance imaging (CMR) [1]. The aim of our study is to evaluate
a novel finite element method of image registration to assess LV torsion in patients with rTOF



and explore the relationship between LV torsion and cardiac parameters routinely obtained with
CMR.

Methods

The assessment of torsion is based on the finite element method for image registration, and the
equilibrium gap principle for problem regularization, known as equilibrated warping [2—4]. It has
been shown to be able to predict global torsion in regular cine images as well in 3D tagged
images, despite low contrast [2]. Seventy-six cases of rTOF and ten controls were included. The
group of control patients were assessed for reproducibility using equilibrated warping and
standard tissue tracking software (cvi42, version 5.10.1, Calgary, Canada). RV end-systolic
volume (RVESV), RV end-diastolic volume (RVEDV), RV ejection fraction (RVEF), LVESV,
LVEDYV, LVEF, LV peak systolic torsion and peak systolic torsion gradient (normalized by
mesh length) were obtained for each patient with rTOF. Patients were dichotomized into two
groups: those with normal torsion (systolic basal clockwise rotation and apical counterclockwise
rotation, representative example is shown in Image 1) and those with loss of torsion, defined as a
reversal of normal systolic basal clockwise rotation (representative example is shown in Image
2).

Results

Torsion by equilibrated warping was successfully obtained in 68 of 76 (89%) patients with rTOF
and 9 of 10 (90%) normal controls. For equilibrated warping, the intra- and inter-observer
coefficients of variation were 0.095 and 0.117, respectively; compared to 0.668 and 0.418 for
tissue tracking by standard clinical software. The intra- and inter-observer intraclass correlation
coefficients for equilibrated warping were 0.862 and 0.831, respectively; compared to 0.250 and
0.621 for tissue tracking. Loss of torsion was noted in 32 of the 68 (47%) patients with rTOF and
there was a significant difference in peak systolic torsion gradient between patients with normal
torsion and loss of torsion (Table 1). There was no difference in LV or RV volumes or function
between these groups.

Conclusion

The equilibrated warping method of image registration to assess LV torsion is feasible in patients
with r'TOF and shows good reliability. Loss of torsion is common in patients with rTOF. In our
study, there was no significant association between loss of torsion and other ventricular
parameters indicative of a worsening cardiac condition. Future studies committed to the long-
term follow-up of this population are needed to assess the role of torsion in predicting ventricular
dysfunction and death.
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Image 1: An image depicting normal torsion in a patient with repaired Tetralogy of Fallot. The
x-axis represents time (seconds) during the cardiac cycle and the y-axis represents torsion
(degrees). During systole, the base undergoes clockwise rotation (negative values) while the apex
undergoes counterclockwise rotation (positive values). Peak systolic torsion is 9.16 degrees and
occurs at 0.32 seconds. When normalized to mesh length, the peak systolic torsion gradient is
0.12 degrees/cm.
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Image 2: An image depicting reversal of normal basal systolic rotation in a patient with repaired
Tetralogy of Fallot. During systole, both the base and apex undergo counterclockwise rotation.
Peak systolic torsion is 8.65 degrees and occurs at 0.36 seconds. When normalized to mesh

length, the peak systolic torsion gradient is 0.10 degrees/cm.

Variable Normal torsion (n=36) | Abnormal torsion P-value
(n=32)
Peak systolic torsion (degrees) | 10.19 (3.82-23.60) 6.42 (1.71-17.19) <0.001
Peak systolic torsion gradient | 0.16 (0.06-0.35) 0.01 (-0.08-0.28) <0.001
(degrees/cm)
RVEDVi (ml/m?) 135 +/- 36 134 +/- 37 0.880
RVESVi (ml/m?) 66 (37-121) 68 (27-125) 0.731
RVEF (%) 47.6 +/- 6.8 49.2 +/- 8.3 0.367
LVEDVi (ml/m?) 75 +/- 12 78 +/- 15 0.485
LVESVi (ml/m?) 32 +/-8 34 +/- 10 0.540
LVEF (%) 57 (49-68) 57 (41-72) 0.892
RVEDV:LVEDV 1.8+/-0.4 1.8 +/-0.5 0.712

Normally distributed variables are reported as mean +/- standard deviation and non-normally
distributed variables are reported as median (range).

Table 1: Characteristics of patients with rTOF with normal torsion and reversal of basal
clockwise rotation (labeled abnormal torsion). RV= right ventricle, LV= left ventricle, ESVi=




end-systolic volume indexed to body surface area, EDVi= indexed end-diastolic volume, EF=
ejection fraction.



