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Abnormal vortex formation in the right

pulmonary artery after the arterial switch

operation
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Transposition of the great arteries (TGAs) is a common cyanotic
congenital heart defect, accounting for 5–8% of all congenital heart
defects.1 Currently, the arterial switch operation (ASO) combined
with the LeCompte manoeuvre is the most used surgical procedure
to correct TGA. Although pulmonary artery (PA) stenosis is the
most common late complication after ASO,2 flow disturbances such
as vortex formation can also be observed in patients without obvious
PA stenosis. Energy loss (EL) may then be a good marker of an ineffi-
cient circulation.

We present a 20-year-old male with TGA who underwent an ASO
and ventricular septal defect closure at the age of 7 days. The patient
had no complaints and underwent echocardiography, cardiac magnetic
resonance (CMR), and exercise testing for research purposes.
Echocardiography showed diastolic flattening of the intraventricular
septum, indicative of mild right ventricular pressure overload.
Pulmonary arteries could not be visualized. The exercise test revealed
a decreased exercise capacity with a VO2/kg at 75% of predicted.
Cardiac magnetic resonance showed preserved biventricular function,
normal flow distribution between the branch PAs, and a right PA diam-
eter of 27� 16 mm. Four-dimensional flow CMR revealed a significant
vortex flow in the right PA (Figure 1). To assess haemodynamic impact
of this flow disturbance, peak-systolic EL was calculated and visualized
(Figure 2) for the PAs. Energy loss in the right PA at peak-systole was

4.33 mW—38% of total EL measured in the PAs—which may be asso-
ciated with the reduced exercise capacity of this TGA patient.

This case highlights the value of four-dimensional flow CMR, allow-
ing for visualization of flow and quantification of haemodynamic
parameters in the cardiovascular system. Since TGA patients require
life-long follow-up, a non-invasive imaging modality that allows for
improved understanding of the often complex haemodynamics in
these patients may prove of important value.
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Figure 2 Visualization of energy loss in the pulmonary arteries at
peak-systole. Energy loss is a quantitative measure of the mechanical
kinetic energy irreversibly lost to thermal energy, due to friction
forces between viscous fluids and the adjacent wall. Minimal energy
loss is required for an optimal cardiovascular circulation. Therefore,
loss may be a good marker of an inefficient circulation. Increased
values of energy loss can be seen at the location of the vortex flow,
indicated by the arrow. LPA, left pulmonary artery; MPA, main pul-
monary artery; RPA, right pulmonary artery.

Figure 1 Visualization of blood flow in the pulmonary arteries at
peak-systole with colour-coded streamlines obtained from a four-
dimensional flow cardiac magnetic resonance scan. Four-dimension-
al flow cardiac magnetic resonance is the term used for time-
resolved phase-contrast cardiac magnetic resonance with flow-
encoding in all three spatial directions. Using four-dimensional-flow
cardiac magnetic resonance, qualification and quantification of flow
over an entire volume can be obtained. This figure shows vortex
flow in the right pulmonary artery, indicated by the arrow. LPA, left
pulmonary artery; MPA, main pulmonary artery; RPA, right pulmon-
ary artery. This four-dimensional flow cardiac magnetic resonance
was acquired a 3.0T scanner (Ingenia R5.6.1, Philips Healthcare,
Best, the Netherlands), with the following scan parameters: spatial
resolution 2.5 � 2.5 � 2.5 mm3, FOV 350 � 350 mm2, temporal
resolution 65.5 ms, echo time 2.44 ms, repetition time 4.28 ms, flip
angle 10�, venc 200 cm/s, and TFE factor 3.
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