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Right Ventricle-Pulmonary Artery Coupling

Shinichi Takatsuki
Department of Pediatrics, Toho University Omori Medical Center, Tokyo, Japan

The normal pulmonary vascular bed is a low-pressure, low-resistance, and high-compliance system. In healthy
participants, favorable right ventricle (RV)-to-pulmonary artery (PA) coupling matches RV contractility and RV
afterload. RV dysfunction is the most significant predictor of poor prognosis in patients with pulmonary arterial
hypertension (PAH). The gold standard for evaluating RV-PA coupling is right heart catheterization, which
acquires pressure and volume. Pressure-volume loop-derived end-systolic elastance (Ees) and end-systolic arte-
rial elastance (Ea). RV-PA coupling is the Ees/Es ratio, and a decreased Ees/Ea ratio is a powerful factor in RV
dysfunction. The tricuspid annular plane systolic excursion (TAPSE) and estimated systolic pulmonary artery
pressure (SPAP) combination has been proposed as a significant prognostic factor in PAH, and the TAPSE/SPAP
ratio is a noninvasive index of RV-PA coupling. In compensated states, the RV contractile increases when the
afterload increases. In contrast, in decompensated states, the RV contractile function no longer increases when
the afterload increases, thereby resulting in lower RV-PA coupling ratios. In patients with severe PAH, early and
accurate RV-PA coupling evaluation is essential for clinical decision making.
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Fig. 1 Multifactorial causes of impaired right ven-
tricular function

RAAS, renin-angiotensin-aldosterone system; RV,
right ventricle.
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Fig. 2 Echocardiographic findings in patients with severe PAH

a) Parasternal short-axis view of the right ventricle and the left ventricle in children with severe pulmonary arterial
hypertension. The left ventricle appears enlargement of right ventricle cavity and the interventricular septum curves into
the left ventricle. b) Enlargement of right atrium and ventricle in severe pulmonary arterial hypertension from a 4-cham-
ber view. c) A 4-chamber view shows severe tricuspid regurgitation with dilatation of right atrium.
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Fig. 3 The pressure-volume loop analysis for assessment of ventriculo-arterial coupling
a) Normal ratio of ventricular elastance to arterial elastance in healthy subjects. b) The pressure-volume loop analysis
for PAH patients with preserved Ees/Ea. c) The pressure-volume loop analysis for patients with impaired Ees/Ea. The
stroke volume is decreased with right ventricle maladaptation. d) The pressure-volume loop in response to change in
preload. The pressure-volume loop alters with independent effects of preload. e) The pressure-volume loop for patients
with inappropriate dose of catecholamine or pulmonary vasodilators. f) The pressure-volume loop for patients with
appropriate dose of catecholamine or pulmonary vasodilators. Ea, effective arterial elastance; Ees, end-systolic elas-

tance; PAH, pulmonary arterial hypertension.
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Fig. 4 Determination of the tricuspid annular plane systolic excursion in preserved right ventricle function

with severe pulmonary arterial hypertension using M-mode in apical four-chamber view
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Table 1 Estimated parameters of right ventricular-
pulmonary artery coupling

Parameters Uncoupling
TAPSE/SPAP <0.31
RVEF/SPAP >1.58
s'/RVESAI <10cm/s
Global RV longitudinal strain/SPAP <0.36
RV free wall strain/SPAP <0.66

EF, ejection fraction; RV, right ventricle; RVESAI, right ven-
tricular end-systolic area index; SPAP, systolic pulmonary
artery pressure; TAPSE, tricuspid annular plane systolic
excursion.
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