Supplementary Material

Echocardiography protocol:

Conventional measures of left ventricular function and dimensions:

Left ventricular systolic function was measured using ejection fraction, and calculated according
to the modified Simpson’s rule in apical 4 chamber view!. Method of disks (modified Simpson’s
rule) was used to estimate left ventricular end-diastolic volume and end-systolic volume from the
4-chamber endocardial area tracing. Early on Late (E/A) peak velocity ratio of the mitral valve
inflow was calculated using the Pulsed-Wave Doppler sampled below the valve in the apical 4

chamber view.

Conventional measures of right ventricular function and dimensions:

Fractional area change of the right ventricle was calculated from the endocardial area tracing of
the right ventricle at end-diastole and end-systole in apical 4 chamber view?. Tricuspid annular
plane systolic excursion was measured from the lateral border of the tricuspid valve, from end-
diastole to end-systole in apical 4 chamber view *. A tricuspid annular plane systolic excursion
below 7 mm was established as the cut-off value for abnormal right ventricular function *.
Tricuspid annular plane systolic excursion had a good inter-reader reproducibility by Bland—
Altman plot and Pearson’s correlation in a previous report by our group, using the same
methodology”. Early on Late (E/A) peak velocity ratio of the tricuspid valve inflow was calculated
using the Pulsed-Wave Doppler sampled below the valve in the apical 4 chamber view.
Measurements of the right ventricular dimensions (tricuspid valve, basal diameter, mid-cavity

diameter and longitudinal dimension) were done at end diastole, according to the American

Society of Echocardiography .



Tissue Doppler Imaging:

Highest systolic myocardial (s’) and early diastolic (e”) velocities, isovolumetric contraction time,
isovolumetric relaxation time and right or left ventricular ejection time were derived from the
tissue Doppler imaging obtained from the lateral wall of the left ventricle and the free wall of the
right ventricles in the apical 4 chamber view ’. The myocardial performance index of the right and
left ventricles, an index of combined systolic and diastolic performance, was derived using the
tissue Doppler imaging tracing and according to: (isovolumetric contraction time + isovolumetric

relaxation time)/Ejection time of the corresponding ventricle .

Stroke distance and estimated outputs:

The velocity time integral of the pulsed wave Doppler envelope in the right ventricular outflow
tract, sampled at the level of the pulmonary valve attachments, was measured in the parasternal
short axis view to estimate stroke distance. Left ventricular outflow tract velocity time integral of
the pulsed wave Doppler, sampled at the level of the aortic valve attachments, was measured in
the apical 3-chamber view. Right ventricular stroke distance by velocity time integral had adequate
inter-reader reproducibility by Bland—Altman plot and Pearson’s correlation in a previous study

by our group using the same methodology °.

Pulmonary artery pressure estimation

Systolic pulmonary arterial pressure was estimated using the Bernoulli equation applied to either:
a) tricuspid regurgitant jet (when a full Doppler envelope was available) and adding an estimated
right atrial pressure of 5 mmHg, or b) by a restrictive ventricular septal defect or a patent ductus

arteriosus velocity gradient 3. Since these measurements were obtained during early neonatal life,



a ratio of the estimated peak systolic pulmonary arterial pressure to systolic systemic blood
pressure at the time of the echocardiography was also calculated. Supra-systemic pulmonary
pressures were defined as systolic pulmonary arterial pressure / systolic systemic blood pressure
ratio > 110%. Pulmonary artery acceleration time to right ventricular ejection time ratio was
measured from the pulsed wave Doppler of the right ventricular outflow tract in parasternal short
axis view (at the tip of the valve). A pulmonary artery acceleration time to right ventricular ejection
time ratio less than 0.30 has been described as a marker of pulmonary vascular disease > °. Left
ventricular eccentricity index at the peak of systole, a quantification of septal distortion and right-
left ventricular crosstalk, was calculated in parasternal short axis view at papillary muscle level 3.
Eccentricity index is the ratio between the largest measurement of the left ventricle parallel to the
interventricular septum to the largest measurement perpendicular to the interventricular septum
(with a perfect circle providing a ratio of 1). 2% 1% Values > 1.3 have been associated with right
ventricular systolic dysfunction in newborns!!. Main pulmonary artery was measured as the largest
diameter in the suprasternal notch view or parasternal short-axis view. As a measure of right
ventricular dilation, the right to left ventricular ratio was calculated (ratio between the distance
from the interventricular septum to the right ventricular free wall to the distance of interventricular

septum to the left ventricular free wall at end of systole in parasternal short axis at papillary level)

12

Deformation analysis of ventricular function
Stored Digital Imaging and Communications in Medicine images of the apical 4 chamber view
were transferred to the Velocity Vector Imaging (VVI 3.01.45 by Siemens Medical Solutions,

United States, Mountain View, California) platform for deformation analysis by speckle-tracking



echocardiography!®. Speckle-tracking echocardiography tracks the endocardial border to estimate
global and segmental cardiac performance by % deformation (strain) or rate of deformation
(1/second)!®. Right and left ventricular endocardial tracing were done manually and repeated to
ensure appropriate tracking!>. The interventricular septum was included in each ventricle. Images
were stored between 30 and 60 frames per second 6. R waves of the QRS were indicated on the
platform from the electrocardiogram data inputted into the Digital Imaging and Communications
in Medicine images and two to three consecutive cardiac cycles were used for analysis. Peak
longitudinal strain and peak longitudinal strain rate were provided by the platform, while peak
early diastolic strain rate was extracted from the average strain rate curve % !7- 18, When peak early
and peak late diastolic strain rate curves were fused, as it is often the case in the neonatal period,
peak diastolic strain rate was collected as the early diastolic strain rate. Right ventricular peak
longitudinal strain of -14% and left ventricular peak longitudinal strain of -16% were considered
as cut-off for abnormal, based on a previous neonatal study '°, which established this value as 1

standard deviation below the mean from newborn control data.



Supplementary Figures:

Figure S1:

A) Association between conventional and speckle-tracking echocardiography markers of

systolic function

Correlation between markers of RV function (TAPSE and RV-pLS by STE)

gorrelation between markers of LV function (EF by Simpson's and LV-pLS by STE)
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B) Stroke distance by velocity time integral correlates with underlying ventricular

deformation

Stroke distance estimated by RVOT - VTI correlated to RV function by RV-pLS (STE) in HIE and Controls

Stroke distance estimated by LVOT-VTI correlated to LV function by LV-pLS (STE) in HIE and Controls
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Legend: (A) Tricuspid annular plane systolic excursion (TAPSE), a marker of right ventricular
(RV) systolic function, was associated with right ventricular peak longitudinal strain (pLS).
Similarly, the ejection fraction (EF) by Simpson’s disc method in the apical 4-chamber view
(A4C), a conventional echocardiography marker of left ventricular (LV) systolic function, was
associated with the left ventricular peak longitudinal strain by speckle-tracking echocardiography
(STE). (B) Right and left ventricular stroke distance by velocity time integral (VTI) of the
corresponding outflow tract (OT) was associated with the underlying systolic function measured
by peak longitudinal strain by speckle-tracking echocardiography. Values for the hypoxic ischemic
encephalopathy and control newborns were included in this analysis.
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