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To the editor:

We read with interest the thoughtful piece by Brener and colleagues which points out several
key considerations when calculating pulmonary effective arterial elastance (Ea), a lumped
parameter of right ventricular (RV) afterload.! These issues are critical as we consider how
best to assess RV-pulmonary arterial (PA) coupling in health and disease. The authors note
that the normal RV pressure-volume loop shape peaks early in ejection with declining
pressures to end-systole quite unlike its counterpart across the septum. Thus, end-ejection
volume is lower than the volume at RV end-systole, and end-systolic pressure (Pes) is better
estimated by mean pulmonary artery pressure (mPAP) rather peak systolic pressure (SPAP).
Lastly, they note that as left atrial pressure is often much closer to mPAP, it should not be
ignored when calculating Ea.

We agree that for normal pulmonary vascular loads these caveats likely apply. Upon
development of even mild pulmonary hypertension (PH), however, PV-loop shape for the RV
changes with pressure rising throughout ejection and peaking at or near end-systole, much as
for the LV (Figure). With this change in morphology, end-ejection and end-systole occur at
near identical volumes, and Pes is better approximated by sPAP than mPAP as we and others
have shown 2 3. We further note that the product of mean resistance x compliance for the
pulmonary vascular circuit (RC, or time constant of diastolic pressure relaxation), is fairly
constant 4 in the absence of elevated left atrial pressure, making mPAP and sPAP highly
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linearly correlated. This is less so for the systemic arterial system. Therefore, we believe that
SPAP is superior to mPAP as an estimate of Pes in the setting of PH.

Secondly, though left atrial pressure (estimated by pulmonary artery wedge pressure, PAWP)
is generally higher relative to mPAP than right atrial pressure is to mean systemic artery
pressure, as the authors noted, once again their disparity increases with pulmonary arterial
hypertension. Here, PAWP remains low and contributes very little to pulmonary pressure, so
ignoring PAWP in the Ea calculation can be justified. However, group 2 pulmonary
hypertension has an elevated PAWP and subtracting its value from Pes as proposed may be
appropriate. Support for subtracting PAWP is provided by Morimont et al who found Pes/
stroke volume overestimated Ea (as determined by a 3-element Windkessel model) by
approximately the value of PAWP, albeit not a model of group 2 PH.® That said, both animal
and human studies have shown that elevations of left atrial pressure increase the pulsatile RV
afterload independent of mean pulmonary vascular resistance® 6. This is observed in the RV
PV loop as a rise in systolic pressure at end-systole. This is accounted for if SPAP rather than
mPAP is used to approximate Pes, which again supports the use of sSPAP in calculation of
pulmonary vascular Ea.

In summary, we agree that when analyzing afterload and RV-pulmonary arterial coupling in
a normal pulmonary circulation the proposed equation by Brener may be more appropriate.
However, in the setting of pulmonary hypertension, this will likely underestimate afterload
and may lead to spuriously high RV-PA coupling ratios. The issue of subtracting PAWP in
group 2 PH requires further study.
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Figure.
Human Right Ventricular Pressure Volume Loops. A) Normal Pulmonary Circulation - RV

pressure declines throughout ejection. RV systolic pressure overestimates end-systolic
pressure and end-ejection volume may be lower than end-systolic volume. Effective arterial
elastance (Ea) estimated using systolic pulmonary artery pressure (solid black line) likely
overestimates RV afterload. Grey dashed line represents Ea estimated using mean
pulmonary artery pressure and end-ejection volume. B) Pulmonary Hypertension - RV
pressure rises throughout ejection and peaks at end-systole. End-ejection and end-systolic
volume are similar. Ea (solid black line) is a better representation of total RV load than Ea
(dashed grey line).
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