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EDITORIAL COMMENT

Impaired Right Heart and Pulmonary
Vascular Function in HFpEF
Time for More Risk Markers?*
David M. Kaye, MBBS, PHD, Thomas H. Marwick, MBBS, PHD, MPH

H

eart failure preserved ejection fraction

excursion (TAPSE) and pulmonary artery systolic

(HFpEF) is a complex disorder in which

pressure (PASP), to identify speciﬁc clinical pheno-

the clinical picture represents the inte-

types and to determine outcome in HFPEF patients.

grated effects of abnormal cardiovascular function

This measure was used to assess RV to pulmonary

together with comorbidities including diabesity,

arterial (RV-PA) coupling. In a well-characterized

anemia, lung disease, and chronic kidney disease,

cohort, the investigators showed that individuals

typically in an aging population. Beyond left ventric-

with the lowest TAPSE:PASP tertile were more likely

ular diastolic dysfunction and elevated left atrial

to have advanced symptoms of heart failure (HF) and

pressure, abnormalities of left ventricular systolic

to experience a poorer composite outcome. This

function, right ventricular (RV) performance, pulmo-

interesting observation prompts us to contemplate

nary and systemic vascular function have all been

several further questions, including: 1) How does

reported in HFpEF. Given the failure of several phar-

assessment of RV-PA coupling aid the in investigation

macological

broadly

of HFpEF patients and in understanding pathophys-

deﬁned cohorts, there has been an increasing

iology? 2) What is the potential clinical utility of the

emphasis placed upon on the identiﬁcation of more

TAPSE:PASP ratio in risk evaluation? and 3) What if

speciﬁc sub-phenotypes of HFpEF which might

any implications are there for targeted therapy?

interventions

in

relatively

respond differentially to speciﬁc interventions or
which are associated with differing prognoses.
SEE PAGE 1211

A recent meta-analysis showed that pulmonary
hypertension and RV dysfunction are both associated
with incremental risk in HFpEF patients (1). These
ﬁndings are also consistent with another recent study

A large body of prior data show that pulmonary

using a machine learning approach, in which a higher

hypertension and RV dysfunction are common in

risk population associated with right heart dysfunc-

HFpEF (1). This association is likely explained by the

tion was identiﬁed (5). These studies highlight the

presence of pulmonary venous hypertension together

importance of evaluating both pulmonary pressures

with increased pulmonary arterial resistance. Irre-

and RV function in HFpEF. Although the measurement

spective of the cause, RV dysfunction is a powerful

of PA pressures using noninvasive means has some

predictor of outcome in pulmonary hypertension (2),

limitations, echocardiographic approaches provide a

but its interpretation is confounded by the exquisite

readily available means for the assessment of this

sensitivity of RV function to RV afterload (3). In this

parameter. By contrast, assessment of RV function is

issue of iJACC, Guazzi et al. (4) evaluated the ability

far more challenging due to the complex geometry of

of the ratio between tricuspid annular plane systolic

the RV. Although often assessed subjectively, current
guidelines (6) recommend the quantiﬁcation of RV
function with fractional area change (FAC) or TAPSE;
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measures are limited. Importantly, recent studies
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performed in an experimental model of pulmonary
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measured by the load independent measure, Ees (7).
Rather,

these

2

measures

were

more

strongly
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correlated with RV-PA coupling as evaluated by the

in RV function. Evaluation of RV-PA coupling may also

ratio of Ees to pulmonary arterial elastance (Ea). In the

yield new insights into other contributory mechanisms

present study, the correlation between TAPSE:PASP

for exercise intolerance in HFpEF. Several in-

and a surrogate RV Ees/Ea measure was relatively

vestigators have now shown the presence of a steeper

limited. TAPSE is susceptible to translational move-

pulmonary pressure-ﬂow relationship which only be-

ment, and it is possible that RV strain may be a pref-

comes evident during exertion and which may unmask

erable echocardiographic marker of RV function (8).

an impairment in RV contractile reserve (11).

The present study shows that subjects with

The recognition that impaired RV-PA coupling may

impaired RV-PA coupling experienced higher rates of

directly contribute to the pathophysiology of HFpEF

adverse cardiovascular events including HF hospital-

has stimulated interest in testing the role of pulmo-

ization and death. Interpretation of this observation is

nary vasodilators including sildenaﬁl and the soluble

complicated by the fact that patients identiﬁed in the

guanylate cyclase inhibitor. Acute intravenous sil-

lowest RV-PA tertile also exhibited several de-

denaﬁl administration was associated with a modest

mographic factors associated with increased risk

but signiﬁcant reduction in resting pulmonary artery

including older age, more advanced symptoms,

pressure, with an increase in exercise capacity in the

atrial ﬁbrillation and chronic kidney disease. Low

absence of altered left ventricular systolic or diastolic

TAPSE:PASP was also associated with evidence of

function (12). This ﬁnding could be explained by a

greater degrees of left ventricular hypertrophy, left

favorable effect of the RV pressure-ﬂow relationship.

ventricular diastolic and systolic dysfunction, and

However, these ﬁndings did not translate into beneﬁt

more marked RV dilatation and pulmonary hyperten-

in a larger scale study. Riociguat treatment was

sion with a mixed pre- and post-capillary physiology.

associated with increased cardiac output; however,

Of note, evidence supporting a clear “dose-response”

this was secondary to a reduction in systemic after-

relationship between the TAPSE:PASP ratio and the

load, rather than a change in pulmonary vascular

clinical features was limited. Together, the ﬁndings of

resistance (13). Using an alternative strategy, the ef-

more marked myocardial and pulmonary vascular

fect of intravenous milrinone on resting and exercise

remodeling suggests that the highest risk group may

hemodynamics was recently reported in HFpEF pa-

also have had the greatest temporal exposure to both

tients (14). This study showed a reduction in pulmo-

HFpEF and to its driving stimuli. Conceivably, patients

nary arterial pressures with an increase in cardiac

with lower TAPSE:PASP ratios may have irreversible

output at rest and during exercise, with little change

RV dysfunction, whereas those with higher TAPSE:-

in systemic blood pressure, raising the possibility of

PASP ratios may be the most likely to respond to pul-

beneﬁcial effect of the drug on myocardial contrac-

monary vasodilator therapy. In addition to the

tility and pulmonary arterial elastance.

validation of TAPSE:PASP as an independent prog-

Collectively, the current study and other recent

nostic marker in HFpEF, further studies might also

complementary investigations reinforce the impor-

explore the utility of this measure and others in pre-

tance of comprehensively evaluating the right heart

dicting speciﬁc clinical events. For example, sudden

and pulmonary circulation in HFpEF patients. Given

cardiac death and worsening HF are signiﬁcant con-

the demographic of these patients and the fact that

tributors to total mortality in HFpEF, whereas HF

HFpEF is now a population-level disease, a noninva-

hospitalization may follow an acute deterioration or a

sive approach seems desirable. The ability of echo-

more progressive gradual decline.

Doppler to assess both RV function and PA pressure

Exercise limitation is a fundamental feature of

makes this an attractive modality. We should also not

HFpEF and impaired left ventricular diastolic reserve

neglect the notion that these patients become symp-

and elevated left atrial pressure have been proposed to

tomatic with exercise, so the stress-response of these

be a key contributing mechanism (9). Recent open la-

parameters is relevant. Thus, further studies are

bel studies of inter-atrial shunt devices designed to

needed to identify the most sensitive and reproduc-

reduce left atrial pressure, particularly during physical

ible measure(s) that provide clinically useful infor-

activity, have been associated with symptomatic and

mation regarding incremental risk, and which may be

hemodynamic beneﬁt (10). One potential theoretical

used to predict and evaluate response to therapy.

concern of such an approach is the potential for RV
overload and failure, although this has not been
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