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My Approach to Assessing Right Ventricular Function After Tetralogy

of Fallot Repair

Como Eu Faco a Avaliacao do Ventriculo Direito no Pés-Operatério de Tetralogia de Fallot
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The assessment of right ventricular (RV) function in
patients after surgical repair for tetralogy of Fallot (TOF)
remains challenging. Over the many years of my career as an
echocardiographer, I learned to trust my eyes when inspecting
the RV before | moved on to quantitative parameters. Or as
the saying goes: “The devil knows more because he is old than
because he is the devil!” Here | will give a brief overview of
the tools | use to best assess RV function after TOF repair. It is
worth mentioning that following the recovery of function in the
early post-operative period, RV systolic function is generally
preserved in the first two decades of life when measured by
cardiac magnetic resonance imaging, which remains the gold
standard modality for assessing ejection fraction."? With this
in mind, using more sensitive quantification parameters is
important, as subtle changes in function may not be apparent
on visual inspection or using global parameters (ejection
fraction). Finally, | emphasize that the “tipping” point of the
RV when the it transitions from a state of preserved function to
established dysfunction is unknown and constitutes a greatest
gap in TOF-related knowledge. Hence, sensitive quantification
methods are needed for the follow-up of these patients.

Qualitative assessment

On the apical four-chamber view, | examine the motion of
the tricuspid valve toward the apex (measured as the tricuspid
annular plane systolic excursion [TAPSE] as detailed below) and
the motion of the RV wall toward the septum versus data of
prior studies. Likewise, parasternal long- and short-axis views
are important. In those with favorable acoustic windows, RV
wall shortening can be assessed using M-mode (Figure 1).
Itis worth noting that the qualitative assessment of RV function
should not be the sole parameter. *

Quantitative assessment

Multiple non-invasive measures are used to evaluate RV
systolic function, including tricuspid annular plane systolic
excursion (TAPSE), tissue Doppler—derived tricuspid systolic
velocity (S, fractional area change (FAC), longitudinal peak
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systolic strain, stress echocardiography, and three-dimensional
echocardiography.> >

a. TAPSE and S' should only be used in the follow-up of TOF
patients because a significant change in the longitudinal
contraction of the RV occurs after TOF repair; therefore, low
TAPSE and S' values do not indicate global RV dysfunction.®
However, these indices can be used longitudinally to detect
changes in longitudinal shortening.

b. RV fractional area change (FAC) is superior to TAPSE and S'
because it measures change in area and, therefore, considers
the contribution of the RV to the overall RV shortening. The FAC
is ideal when the endocardial border is well visualized, which
allows for precise tracing. This can be done at the time of the
study, which is an additional advantage.® First, the area of change
is traced along the RV endocardium during diastole and systole.
Second, the RV diastolic area is subtracted by the RV systolic
area and then divided by the RV diastolic area to produce
the FAC calculation (Figure 2). This is a relatively easy and
reproducible parameter that has at least a modest correlation
with cardiac magnetic resonance imaging data.>® Measurement
of the RV FAC should be utilized more often, especially given
the limitations of TAPSE and S'in patients with TOF.

c. Myocardial deformation: | am a proponent of the wider
use of RV global longitudinal strain and RV free wall strain
as measures of myocardial contractility. Strain calculates
cardiac deformation as a percentage change in length.”® It
is quantitative, angle-independent, and less dependent on
loading conditions than other echocardiographic measures,
which is a particularly convenient characteristic when
managing a volume-loaded RV in patients with TOE'" 512 After
training personnel and achieving adequate reproducibility,
global longitudinal RV strain appears to be a sensitive measure
of ventricular function, as evidence suggests that strain is
affected prior to changes in other more blunt measures of
function.’ Therefore, strain is a very important parameter
in RV functional assessments after TOF repair. Newer
cardiac ultrasound machines have RV strain built in and take
measurements in a few seconds, with quite good tracking
of the RV wall that requires minimal adjustment (Figure 3).
| propose that it be added to the echocardiography report for
all patients after TOF repair.'> "

In summary, when assessing the RV, | consider every
available parameter. | also ensure that certain parameters
are similar to confirm adequate measurement accuracy. For
example, if the TAPSE is diminished, so is the tricuspid tissue
velocity in systole (S). Likewise, when the TAPSE is diminished
but the RV wall has better shortening, this is reflected in the
FAC measurement, in which the contribution of the RV wall
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Figure 1 - (A) Demonstration of a dilated right ventricle after tetralogy of Fallot repair. (B) M-mode image demonstrating the shortening of the right ventricular (RV)
anterior wall. Despite the significant RV dilation, the wall shortens significantly. This modality complements the qualitative assessment and is quite useful in adequate
acoustic windows. (C) Antegrade end-diastolic flow is visible in the main pulmonary artery in the presence of severe pulmonary insufficiency. This phenomenon is referred
to as “restrictive physiology of the right ventricle” and indicates diastolic dysfunction. This is only seen in patients with greater than moderate pulmonary insufficiency.

FAC, fractional area change; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Figure 2 - Calculation of fractional area change: Fractional area change measurement obtained during end-diastole (A) and end-systole (B) in the right ventricle of a
patient with tetralogy of Fallot. The arrows demonstrate the measured areas during diastole and systole. The calculated FAC [(34.3-21.97)/34.3] = 35.9%, which is within

normal limits.

RVFWSL:
RV4CSL: -13.1

Figure 3 - Real-time measurement of right ventricular (RV) global longitudinal strain and RV free wall strain. The figure on the left demonstrates a dilated RV with preserved
RV strain. The figure on the right demonstrates a dilated RV and diminished RV strain. Observe that the RV free wall strain is better than the global strain. Some suggest
limiting the use of strain to the RV free wall strain only, as opposed to the RV global longitudinal strain (which incorporates the septum).
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Figura 4 - Right ventricular global longitudinal strain (TomTecl). The curves demonstrate segmental wall motion of the right ventricular septum and free walls. RA, right

atrium; RV, right ventricle.

to overall shortening is easily identified. Strain is very useful for
identifying moderate versus mild or severe versus moderate
dysfunction. Our eyes are usually able to detect when RV function
is normal or severely diminished, but the nuances in between
are quite challenging. As physicians, we strive to improve TOF
patient outcomes. Thus, our collective goal should be to better
understand RV mechanics, apply the best imaging tools to
accurately measure RV function, identify patients at increased
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risk who may require more frequent monitoring or earlier
intervention, predict clinical outcomes, and ultimately provide
scientific evidence that guides patient care and treatment.
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