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Dear Editor,
We were excited to read the manuscript by Asada et al. investigating bubble contrast echo-

cardiography in children after total cavopulmonary connection.1 Asada et al. retrospectively
analysed the medical records of patients who underwent cardiac catheterisations and bubble
contrast (agitated saline) transthoracic echocardiograms from 2010 to 2018. Their study impres-
sively included 140 patients (mean age 7.6 [range 2.5–20.8] years) who previously underwent
total cavopulmonary connection (mean of 5.3 [range 0.6–18.1] years after total cavopulmonary
connection). They reported that only 13 patients (9.3%) had negative bubble studies bilaterally
and that there was no correlation between bubble study grade and pulmonary capillary wedge
saturation (a surrogate for pulmonary vein oxygen saturation). They concluded that bubble
contrast echocardiography may create false positive findings for detecting pulmonary arterio-
venous fistulas and further standardisation of bubble echocardiograms is required.

We advocate for more conservative interpretation of their findings. Asada et al. reported that
bubble contrast grade did not correlate with pulmonary capillary wedge saturation, but this was
well demonstrated more than 20 years ago.2,3 Feinstein et al. rationalised that bubble echocar-
diography is a sensitive test capable of identifying pulmonary microvascular disease before pul-
monary vein desaturation. They recommended improving echo correlation by assessing the
partial pressure of oxygen (PaO2) in pulmonary veins while patients inspire 100% O2.
Abnormally low PaO2 (<500 mmHg) on supplemental oxygen indicates impaired gas exchange
in the pulmonary capillaries despite normal saturation and has a negative predictive value of
100%.4 Recent guidelines for assessing pulmonary arteriovenous malformations in patients
with hereditary haemorrhagic telangiectasia support the use of transthoracic bubble contrast
echocardiography as the initial screening test given its high sensitivity, and a positive bubble
study without other abnormalities is diagnostic of microscopic pulmonary arteriovenous
malformations.5 Importantly, it is unknown if or how pulmonary arteriovenous malformations
differ between patients with univentricular CHD and patients with hereditary haemorrhagic
telangiectasia.

Regardless of bubble contrast correlation with oxygen saturation or PaO2, it is unknown if
gradually improved oxygen saturations that are normally observed after total cavopulmonary
connection indicate pulmonary vascular reverse remodelling with complete microscopic reso-
lution of pulmonary arteriovenous malformations or simply functional improvement in gas
exchange.6,7 A positive bubble study 5 years after total cavopulmonary connection with normal
oxygen saturation may indicate functional resolution of pulmonary arteriovenous malforma-
tions without complete microvascular remodelling. In this scenario, a positive bubble study
is not a false positive but rather a sensitive biomarker of subclinical pulmonary microvascular
disease. In other words, once pulmonary arteriovenous malformations are established, they may
never fully remodel to normal pulmonary microvasculature.

Asada et al. assert that the efficacy of bubble echocardiography for the diagnosis of pulmo-
nary arteriovenous malformations has not been properly evaluated and standardisation of the
technique is required.We agree in principal with their concerns about bubble echocardiography
assessing pulmonary arteriovenous malformations in patients with univentricular CHD;
however, we propose that the main limitation falls on our poor understanding of pulmonary
arteriovenous malformations and pulmonary vascular remodelling in patients with palliated
univentricular CHD.
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