
of patients admitted and/or staying on different days would be required to delineate the cause(s). Premature
attribution to reduced quality of care over the weekend may well run a risk of aggravating the delay in
seeking care on the patient side.
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The emerging role of the contractile and
vascular reserves in pulmonary arterial
hypertension

To the Editor:

We read with great interest the recent article by SHARMA et al. [1] on the evaluation of right ventricular
(RV) reserve in pulmonary arterial hypertension (PAH) by the dobutamine stress test. Their work
highlights the potential clinical value of the RV systolic reserve into the evaluation of PAH patients beyond
resting measurements. SHARMA et al. [1] reported that RV contractile reserve (tricuspid annular plane
systolic excursion (TAPSE) and tricuspid annulus systolic myocardial velocity (S′)) is markedly attenuated
in PAH patients and correlates with exercise capacity. Although the merit of the work is in assessing RV
contractile reserve by direct functional parameters, there are some topics that deserve discussion.

Stressors (exercise or pharmacological) of the RV–pulmonary circulation unit in patients with PAH assess
the ability of the pathological RV to increase its output (contractile reserve) and of the remodelled
pulmonary arterial system to accommodate the flow increase (vascular reserve) [2]. Dobutamine is an
ino-chronotropic drug that, at low doses (up to 10–15 μg·kg−1·min−1), increases pulmonary blood flow
passively without intrinsic vasomotor effects on the pulmonary circulation. The use of higher peak doses
of dobutamine could have increased the vasomotor tone of the pulmonary circulation and could explain
the significant increase in systolic pulmonary arterial pressure seen in controls [3]. The similar heart rate
stress increase in PAH patients compared to controls reported by SHARMA et al. [1] is noteworthy, as it is
well known the presence of chronotropic incompetence of PAH patients [4].
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The majority of the RV systolic function is mediated by longitudinal muscle fibres. So, measures of
longitudinal RV shortening reflect the major component of RV systolic function in comparison with
measures of transverse/radial function [5]. When considering the measurements of global RV
longitudinal function, such as TAPSE, S′ and myocardial acceleration during isovolumic contraction
(IVA), we must be aware of their afterload dependence. IVA appears to be a relatively load-independent
estimator of RV contractile response to stress. However, myocardial velocities during the ejection phase
are more affected by loading conditions [6]. Although TAPSE has been shown to predict survival in
PAH, it is highly dependent on afterload and overall motion of the heart, and fails to reflect RV
longitudinal function accurately [7]. This significant afterload dependence could explain the different
behaviour of the relationship between change in (Δ)TAPSE and ΔS′ with the peak oxygen uptake [1].
We recently reported that only IVA and ΔIVA are significantly correlated to cardiac output (CO) and
ΔCO. In contrast, S′ showed a moderate correlation and TAPSE did not correlate with CO [8]. Besides
this, the lower values of TAPSE and S′ at rest in the PAH group compared with controls, as reported by
SHARMA et al. [1], illustrate the significant afterload dependence of TAPSE and S′, and hence, the
inaccurate assessment of the contractile reserve. Load-independent parameters of RV contractility (such
as maximal elastance) demonstrated that resting RV contractility is greater than that of healthy controls
in virtually all patients with PAH [9]. For this reason, RV dysfunction is best explained by an increase in
afterload that is out of proportion to the increase in RV contractility (RV–vascular uncoupling). SHARMA

et al. [1] have stated that they avoided IVA due to the chronotropic effects of dobutamine [1]. We
disagree with this argument as, in humans, the dependence of heart contractility on increasing heart rate
(force–frequency relationship) causes the contractile force to rise as contraction frequency is increased
from 60 to ∼180 beats per min.

Both RV function and pulmonary vascular stiffness are determining factors of survival of PAH patients.
Hence, the concomitant assessment of pulmonary vascular reserve is very important. A feasible technique
for stress testing of the pulmonary vasculature reserve is to assess the mean pulmonary arterial pressure
(mPAP)–CO relationship. LAU et al. [10] showed that patients with PAH had an average
dobutamine-induced mPAP–CO slope that was significantly higher than in healthy controls, with a
markedly reduced distensibility coefficient α. Accordingly, we reported a significant increase of the elastic
modulus (EM) of the pulmonary artery (PA) in PAH patients during pharmacological stress, with a
negative change of EM in controls [8]. The positive correlation between ΔEM and ΔmPAP suggests that
PA remodelling and buffering function impairment could be associated with the lower vascular reserve of
PAH patients. The patients with high vascular reserve (EM and mPAP–CO) and contractile reserve (IVA)
had a more preserved haemodynamic response (ΔmPAP <5 mmHg) during dobutamine stress testing, and
could have a better clinical outcome [8]. However, not every patient with high vascular reserve had a
preserved contractile reserve (fig. 1).

14

12

10

8

6

4

2

0

–2

–4

14a)

12

10

8

6

4

2

0

R
V 

co
nt

ra
ct

ile
 re

se
rv

e 
ΔI

VA
 m

·s
-2

 

b)

R
V 

co
nt

ra
ct

ile
 re

se
rv

e 
Δ 

IV
A 

m
·s

-2
 

–2

–4
–4 0

Pulmonary arterial reserve ΔmPAP/ΔCO mmHg·L-1·min-1Pulmonary arterial reserve ΔEM mmHg

4 8 12 16 20 24 28 32 36 40–200 –150 –100 –50 0 50 100 150 200 250 300 350

PAH 1
PAH 2

FIGURE 1 Relationship between right ventricular (RV) contractile reserve and pulmonary arterial reserve. Dashed lines represented the median values of ΔIVA
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In conclusion, patients with PAH exhibit markedly diminished RV contractile reserve and pulmonary
arterial vascular reserve. Abnormal stress responses occur even in patients with relatively preserved
haemodynamics at rest. There is evidence that an impairment of cardiovascular stress response could be
correlated with exercise capacity and prognosis. We agree with SHARMA et al. [1] that the potential utility of
measuring the cardiovascular reserve and the optimal dosing protocol of dobutamine stress requires
further validation studies.
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From the authors:

We agree with our colleagues J.C. Grignola and E. Domingo on the importance of measurements of both
right ventricular (RV) and pulmonary vascular reserve in patients with pulmonary arterial hypertension,
and that further studies are needed to define the most relevant variables and optimal methodology [1].
They have a point that isometric-phase measures of RV systolic function, such as isovolumic myocardial
acceleration, may be preferable, as they are less load-dependent than more commonly assessed indices,
such as the S′ wave, tricuspid annular plane systolic excursion, fractional area change or ejection fraction.
Isometric-phase measurements best correlate with the gold-standard end-systolic elastance in intact
experimental animals [2]. The maximum velocity of isovolumic contraction has been shown to be a
stronger predictor of outcome than a number of other echocardiographic measurements of RV function in
patients with severe pulmonary hypertension [3]. However, what matters in the end is how RV
contractility increases in a fashion adapted to afterload [4]. This may be disclosed by simpler surrogate
measurements of contractile reserve such as changes in RV peak systolic pressure during exercise [5].
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