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Intrauterine growth restriction (IUGR) is associated with cardiovascular re-
modeling, which manifests by more globular ventricles when assessed by the
sphericity index (base-to-apex length/basal diameter). These changes, which
are more prominent in the left ventricle, have been suggested to lead to higher
cardiovascular mortality in adulthood. Previous ECG studies have shown that
the angle between QRS and T-wave dominant vectors are able to identify adults
with cardiovascular remodeling subsequent to IUGR, but the underlying mech-
anisms are not yet well understood. In this study, we perform electrophysio-
logical simulations in a human biventricular geometry for control and in one
with a spherical left ventricle (SLV) built by applying loads onto the control ge-
ometry. We include transmural ventricular heterogeneities and a Purkinje net-
work. Cellular electrophysiology is represented by the O’Hara-Rudy model.
12-lead pseudo-ECG are calculated, from which dominant QRS and T-wave
angles are computed. The sphericity index for the control model is 1.54, while
for the SLV model it is 1.22. The angle between the dominant vector of QRS
loop and of the T-wave both projected onto XY plane, φR−XY − φT−XY , is
lower for SLV model, as previously observed in IUGR adults (see Table). The
angles of the QRS loop in the three planes, φR−XZ , φR−XY , and φR−Y Z ,
are larger for SLV model, concordant with IUGR data for planes XZ and
YZ. Other results in IUGR adults could not be reproduced in our simula-
tions. Our findings suggest that a more globular left ventricular shape leads
to changes in the angles of QRS and T-wave loops. These changes are con-
cordant between simulation and IUGR data for the angle in the XY-plane,
φR−XY − φT−XY , reported to be significantly reduced in IUGR adults.

Loop angles: *p-value<0.05, **p-value<0.01 significant differences in real controls vs. real SLV
Angle Simulated Simulated Real Real

(degrees) Control SLV Control SLV
θRT−XY 17.06 60.86 13.49±13.65 9.26±8.47∗∗
φR−XZ 16.42 26.44 32.85±9.08 35.68±6.12
φR−XY 14.78 27.15 29.47±13.02 22.07±11.80∗∗
φR−Y Z 41.82 44.11 40.72±12.05 44.17±9.81
φT−XZ 12.20 -29.50 29.39±10.61 33.15±10.67∗
φT−XY 9.46 37.47 14.42±8.68 14.48±9.41
φT−Y Z 37.63 -36.42 54.83±9.52 51.52±12.13

φR−XZ − φT−XZ 4.22 55.94 3.45±9.61 2.54±8.43
φR−XY − φT−XY 5.31 -10.32 15.05±14.14 7.59±14.58∗∗
φR−Y Z − φT−Y Z 4.18 80.54 14.11±13.99 -7.35±13.96∗∗


