DEEP LEARNING FOR AUTOMATED INSERTION POINT ANNOTATION OF CMR T1 MAPS
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1. BACKGROUND

Quantitative T1 mapping is a novel approach in cardiovas-
cular magnetic resonance (CMR) for myocardial tissue char-
acterisation [1]. The evaluation of myocardial territories re-
quires left ventricular (LV) segmental analysis, based on the
AHA 16-segment model. Recent advancements have focused
on automated myocardial segmentation [2]. However, accu-
rate manual annotation of the anterior right ventricular (RV)
insertion point is still required for complete segmental quan-
tification. This study introduces a deep learning approach for
automated anterior RV insertion point annotation in T1 maps.

2. METHODS

We modified our existing CMR tracking technology [3] to
identify the RV entry line, marked by the LV centre point and
the anterior RV insertion point, on SAMOLLI T1 maps. The
approach utilises a residual neural network architecture to es-
timate the Cartesian coordinates of both points within each
image. The study dataset comprised 3834 short-axis images
from 166 subjects scanned at Oxford and Taipei'. A randomly
selected set of 768 images was used for independent testing,
and the rest for training the residual neural network. Evalu-
ation metrics included the Euclidean distance (mm) and the
absolute angular error (°) between the predicted and ground-
truth RV entry lines. Model performance consistency across
slice positions was assessed with one-way ANOVA.

Table 1. Model performance evaluated with Euclidan dis-
tance (ED) and angular distance (AD) in the test set (n=768).

Error All Basal Mid- Apical
slices ventricular

ED (mm) 2.7+25 2.6+2.6 2.7%2.5 2.6x2.4

AD (°) 6.8£5.6 6.7£5.6 6.7+£6.0 7.1+£5.2
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Fig. 1. Representative example of manual (green) and auto-
mated (red) entry lines at the anterior right ventricular inser-
tion point in CMR T1 maps, across 3 slices.

3. RESULTS

The developed model demonstrated high precision in identi-
fying the RV entry line across the test images (Figure 1). The
overall Euclidean distance error stood at 2.7+2.5 mm, with an
angular error of 6.8+5.6°. In the stratified analysis, the perfor-
mance on each of the slices were similar (Table 1) and with
no significant difference (p>0.05).

4. CONCLUSION

Our deep learning strategy is robust and effective for the an-
terior RV insertion point annotation in CMR T1 maps. This
methodology enables the automated segmental quantification
toolkit for clinical T1 mapping analysis.

5. REFERENCES

[1] V. M. Ferreira and S. K. Piechnik, “CMR parametric
mapping as a tool for myocardial tissue characterization,”
Korean Circ J, vol. 50, no. 8, pp. 658-676, 2020.

[2] E. Hann et al., “Deep neural network ensemble for
on-the-fly quality control-driven segmentation of cardiac
MRI T1 mapping,” Med Image Anal, 2021.

[3] R. A. Gonzales et al., “MVnet: automated time-resolved
tracking of the mitral valve plane in CMR long-axis cine
images with residual neural networks: a multi-center,
multi-vendor study,” JCMR, vol. 23, no. 1, pp. 137, 2021.



