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Four-dimensional flow magnetic resonance imaging (4D flow MRI) visualizes three-dimensional pulsatile
blood flow and allows quantification of the mechanical stress to the cardiovascular system. We report a case
of total cavopulmonary connection (TCPC) with a kinked extracardiac conduit in a 14-year-old boy with
protein-losing enteropathy (PLE), for which a 4D flow MRI assessment of hemodynamics proved useful. Aged
2 years, the patient underwent extracardiac TCPC with an 18-mm expanded polytetrafluoroethylene conduit
for a single right ventricle and pulmonary atresia. He developed PLE 3 years later, which was controlled with
steroids. Aged 14 years, computed tomography revealed a kinked conduit with calcification. Cardiac catheter-
ization showed no drop in pressure in the kinked portion, but the mean pulmonary arterial and right ventricular
end-diastolic pressures were elevated. A systemic right ventricular pressure curve demonstrated a slow pressure
decrease in the isovolumic relaxation phase, with a prolonged time constant, and 4D flow MRI demonstrated no
flow acceleration through the kinked portion or in the systemic ventricle, with sufficient low-flow energy loss.
We decided initially to optimize the patient’s medication to improve diastolic dysfunction, and then to perform
a conduit exchange in the future once the steroid dose was reduced.
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(b) Cardiac Catheterization
) @ ® @ ® ®
SVCP, mmHg 8 20 20 13 18 14
IVCP, mmHg 8 8 20 12 17 14
mean PAP, mmHg 20 19 20 12 16 12
RVEDP, mmHg 13 6 20 6 10
RVEF, % 60 57 58

Fig. 1 Clinical course of PLE and cardiac catheterization data

(a) Clinical course of PLE. Line graph, changes in blood test results. Yellow bar chart, prednisolone dose. PLE, pro-
tein-losing enteropathy; BCPS, bidirectional cavopulmonary shunt; TCPC, total cavopulmonary connection; APCA, aor-
topulmonary collateral artery; VCF, vertebral compression fracture; PSL, prednisolone. (b) Cardiac catheterization: Each
circle numbers are corresponding to them in the line graph in (a). SVC, superior vena cava; IVC, Inferior vena cava; PAP,
pulmonary artery pressure; RVEDP, right ventricular end-diastolic pressure; RVEF, right ventricular ejection fraction.

Fig. 2 Three-dimensional computed tomography

Three-dimensional computed tomography showing a bent conduit with calcification (red arrow heads). (a) Total cavo-
pulmonary connection was performed with an extracardiac conduit that was extracted and observed from the front (b)
and back (c) sides. SVC, superior vena cava; IVC, inferior vena cava; RPA, right pulmonary artery; LPA, left pulmonary

artery.
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Fig. 3 Cardiac catheterization findings

(a) Inferior venography showing 50% stenosis in the extracardiac conduit (white arrow). (b) Right ventriculography
showing no increase in right ventricle end-diastolic volume, a preserved right ventricular ejection fraction, and a small
rudimentary left ventricle. IVC, inferior vena cava; RPA, right pulmonary artery; LPA, left pulmonary artery; RV, right

ventricle; LV, left ventricle.

(a)Inferior Venography (b) Right Ventriculography
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Fig. 4 Flow analysis in the total cavopulmonary connection (TCPC) using four-dimensional flow magnetic

resonance imaging

(a) Streamline and flow rate: The streamline demonstrating no flow acceleration through the kinking portion (red arrow
heads) and a balanced flow split of the bilateral pulmonary arteries. The flow rates in the SVC and IVC were sufficient. (b)
Flow energy loss: Flow energy loss was low throughout the TCPC and also the kinked portion (red arrow head). (c) Wall
shear stress: Wall shear stress was high at the tip of the kinked surface (red arrow head). SVC, superior vena cava; IVC,
inferior vena cava; RPA, right pulmonary artery; LPA, left pulmonary artery; RAO, right anterior oblique; LAO, left ante-

rior oblique; EL, energy loss.

1.16 L/min
1.86 L/min
1.41 L/min
1.04 L/min
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Fig. 5 Flow analysis in the ventricles using four-dimensional flow magnetic resonance imaging (MRI)
(a) Streamline and flow rate: The streamline demonstrated no flow accelerated or turbulent flow in the ventricles in
systole or diastole. Most of the systemic ventricle inflow occurred through the mitral valve. The systemic ventricular
ejection fraction was 45.3% by volumetric calculation using MRI, but an adequate cardiac index was maintained. (b)
Pathline: The pathlines visualized blood flow from the rudimentary left ventricle to the right ventricle (green lines). (c)
Streamline and flow rate through the VSD: The direction of blood flow through the VSD was left to right in both systole
and diastole, and no accelerated or turbulent flow was noted. RV, right ventricle; LV, left ventricle; SVEDV, systemic
ventricular end-diastolic volume; SVEDV, systemic ventricular end-systolic volume; MV, mitral valve; TV, tricuspid valve;

Cl, cardiac index; VSD, ventricular septal defect.
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Fig. 6 Flow energy loss
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Flow energy loss was slightly higher in diastole in the ventricle. Ventricular workload was not supposed to be so high.
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