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Background

Many patients with Tetralogy of Fallot (TOF) have resi-
dual pulmonic stenosis and/or regurgitation after surgi-
cal repair, leading to maladaptive right ventricular (RV)
remodeling. Cardiovascular magnetic resonance (CMR)
is currently the gold standard for evaluating RV size and
function. Analysis of regional volume and three-dimen-
sional (3D) curvature of the RV from CMR images may
provide new insights into the remodeling process. The
aim of this study is to describe RV remodeling by char-
acterizing regional endocardial surface curvature and
function in patients with TOF.

Methods

CMR (1.5T Philips Achieva) was performed in subjects
with repaired TOF (N=17, age range 9-53 years) and
healthy volunteers (N=10, age range 23-43 years). The
RV end-diastolic and end-systolic endocardial surfaces
were manually segmented from a contiguous stack of
short axis cine slices to construct a 3D model using cus-
tom software (figure). This model was used to measure
regional volume and ejection fraction for the RV inflow,
outflow, and trabecular regions. Local endocardial sur-
face curvature was displayed on a color map of the 3D
volume surface and regional curvature was calculated
for the RV inflow, outflow, trabecular, free wall, and
septal segments. The values for curvature were indexed
to volume to remove the influence of volume between
regions. The parameters from individuals with TOF
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were compared to those acquired from the healthy
volunteers.

Results

As shown in the table, individuals with TOF had larger glo-
bal RV volume and reduced ejection fraction when com-
pared to controls. The trabecular region had relatively
preserved ejection fraction, despite exhibiting the most
enlargement. Conversely, the outflow and inflow regions
had greater reductions in ejection fraction but only mild
enlargement. The Trabecular region enlargement coin-
cided with increased regional curvature, which was not as
striking in the inflow and outflow regions. Those with TOF
had higher overall free wall curvature. Septal curvature in
TOF patients was higher (slightly convex) compared to
controls (slightly concave). Global curvature, combining all
septal and free wall regions, was higher in TOF patients.

Conclusions

Using analysis of RV 3D regional curvature and volumes
from CMR images, we show that individuals with
repaired TOF have regional variation in RV remodeling
and function. Further evaluation is required to under-
stand the clinical implications of this variable remodeling.
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Figure 1 Right ventricle 3D models depicting regional volume (upper) and local surface curvature (lower). Curvature scale ranges from -1
(perfect concave half-sphere) to +1 (perfect convex half-sphere).

- J
p
End Diastole End Systole
TOF Control TOF Control
Mean Mean p Mean Mean p

Inflow curvature 0.551 0.07 0.5110.07 0.14 0.56 £ 0.09 0.41:£0.14 <0.01
Outflow curvature 0.37:0.09 0.47:0.14 0.04 0.43+£0.18 0.41+0.2 0.75
Trabecular curvature 0.60+0.08 0.31+£0.09 <0.01 0.5510.16 0.23+0.07 <0.01
Free wall curvature 0.64+0.04 0.57£0.07 0.01 0.61+0.1 0.49+0.05 <0.01
Septal curvature 0.1810.14 -0.12+0.09 <0.01 0.16£0.21 -0.1810.09 <0.01
Global curvature 0.551 0.05 0.39:0.08 <0.01 0.53+0.11 0.32:0.08 <0.01
Indexed RV volume 136+ 38 101+23 0.02 76421 47118 <0.01
Indexed RVOT volume 2718 2314 0.18 17+5 1213 0.01
Indexed RVIT volume 54116 44+11 0.15 319 2049 0.01
Indexed Trabecualar volume 56+ 17 33+11 0.00 27+8 15+8 <0.01
RVEF 44+ 7% 54 = 8% 0.01

RVOT EF 37 = 10% 48 = 9% 0.01

RVIT EF 41 = 10% 55 £ 8% <0.01

Trabecular EF 49 = 13% 55 11% 0.26
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