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EDITORIAL COMMENT

Understanding the Role of the LA in
Functional Responses to Heart Failure*
Thomas H. Marwick, MBBS, PHD, MPH, David Kaye, MBBS, PHD

A

lthough the contribution of left atrial (LA)

the role of the LA in the hemodynamic response to

contractile function to the ventricular stroke

exercise,

volume is well-understood, the role of this

modest and lowest in HFrEF. The normal increment

chamber as a capacitor between the left ventricle

of atrial strain rate (a marker of atrial contraction) in

(LV)

often

recovery did not occur in HF, and atrial strain

neglected. Previous experimental models have shown

reserve (reﬂecting the expected increment in reser-

augmentation of LA reservoir and pump function

voir function) was exhausted in HFrEF and reduced

with exercise, without alteration of conduit function

to a lesser degree in HFpEF. Interestingly, the

in normal hearts (1) and mild diastolic dysfunction

investigators

(2). The reservoir facilitates LV ﬁlling by maintaining

minute ventilation and carbon dioxide production

and

the

pulmonary

circulation

is

the

stroke

also

volume

found

augmentation

relationships

was

between

a high AV pressure gradient throughout diastole, and

(VE/VCO2 ) slope, a marker of excessive ventilation

may be especially important in heart failure (HF) with

that has been associated with a poor prognosis in

preserved ejection fraction (HFpEF) (3).

HF. This parameter corresponds with the rate and

SEE PAGE 1253

The paper by Sugimoto et al. (4) in this issue of

magnitude of the rise in LA pressure, so pulmonary
pressures are key to the relationship between LA
strain and VE/VCO 2 (5).

iJACC adds further interesting insight into the role of

Because the function of the RV is exquisitely

the LA in the association between LV pathology,

linked to afterload, the investigators assessed RV–

pulmonary congestion with exercise intolerance, and

pulmonary artery (PA) coupling as the ratio between

right ventricular (RV) dysfunction. It does so by

PA systolic pressure and tricuspid annular systolic

studying the LA strain response to exercise in 76 HF

excursion. This ratio increased in HF patients more

patients, 69 of whom had interpretable responses

than controls, and increased especially in HFrEF.

(20 of whom had HFpEF) and 32 control subjects

Although only a handful of participants had an

with normal LA. Lung mechanics, ventilation, and

enlarged LA with normal function, or impaired LA

gas exchange were used to identify ventilatory in-

function with normal left atrial volume (LAV), the

efﬁciency. In general, impaired LA strain (<23%) was

latter

associated closely with LA enlargement (>34 ml/m 2).

pressure/tricuspid annular systolic excursion with

The cardiac output response to exercise was blunted

exercise. The interpretation of these observations is

in HF with reduced ejection fraction (HFrEF), with

complex and must be considered in the context of

an intermediate response in HFpEF. As expected, HF

differences in the RV function exercise response,

patients had an increase in E/e’ with exercise, but

together with the temporal pattern of changes in LA

signiﬁcant exercise mitral regurgitation was only

pressure. Both pulmonary hypertension and RV

detected in HFrEF. Of relevance to understanding

dysfunction

groups

tended

are

to

increase

well-recognized

PA

and

systolic

associated

with adverse outcome in HFpEF and HFrEF. The
pathogenesis of pulmonary hypertension in HF is
complex, but the RV adaptation to chronic pressure
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overload is related to LA function (6). In pulmonary
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with PA compliance (p < 0.001), and was associated

of the challenges of post-stress imaging, only the

with reduced survival (p < 0.0001), independent of

4-chamber view was used in this study. This may be

PA wedge pressure and type B-natriuretic peptide.

important, because the evaluation of global LA

Indeed, patients with pulmonary congestion have

strain

only

pressure

response is uniform, which seems unlikely, given

(22 vs. 19 mm Hg; p ¼ 0.002) than those with dry

the presence of ﬁbrous tissue between the pulmo-

lungs, but have a 25% lower PA compliance and

nary veins. The inability to average across multiple

>25% higher pulmonary resistance, transpulmonary

views may therefore be important. Some other

gradients, and PA pressures, with greater RV dilata-

potential limitations have been well-defended by

tion and dysfunction (7). Moreover, a sustained

the authors. Mitral regurgitation is a potential

reduction in LV ﬁlling pressures with LV assist

confounder, because it would both inﬂuence atrial

device implantation in HFrEF is associated with a

strain as well as outcome, without being related to

reduction in both PA pressure and pulmonary

atrial function. Fortunately, mitral regurgitation is

vascular

reﬂecting

an accompaniment to HFrEF rather than HFpEF.

reverse vascular remodeling (8). The inﬂuence of RV

Second, although some investigators have ques-

afterload in inﬂuencing RV function has recently

tioned whether LA reservoir function is simply the

been established in HFpEF (9), and impaired atrial

mirror image of LV diastolic dysfunction, these

reservoir function is associated with this loss of

investigators show that it is actually independent of

pulmonary vascular compliance.

LA contractile function.

slightly

greater

resistance,

the

PA

wedge

latter

likely

Conventional echocardiographic indices of LA

makes

an

assumption

that

the

regional

To develop an integrated understanding of the

function used the Doppler signal of transmitral and

pathophysiologic

pulmonary venous ﬂow to deﬁne reservoir, conduit,

breathlessness, fatigue, and congestion), one can

and active phases of atrial function (10). The

conceptually parse the physiologic contributors into

basis

of

HF

symptoms

(i.e.,

development of global LA strain has provided a

left and RV ﬁlling pressures, left and right heart

simpler, single step for measuring these parameters.

output, and their relevant determinants, including

However, despite research interest, this measure-

afterload and renal function. Added factors such as

ment

uptake.

skeletal muscle function and endothelial function

Although the lack of a consensus approach to its

are also relevant. The development and application

measurement has been unhelpful (11), the interested

of newer approaches such as LA strain analysis,

clinician might reasonably ask whether adding the

particularly with regard to exercise limitation, will

analysis of atrial function to standard echocardiog-

aid in our treatment of HF. The results of this

raphy is a justiﬁable increment in complexity.

study provide a convincing argument that LA

Indeed, LAV is well-accepted as a simple marker of

function is a critical link between the dysfunctional

the role of the left atrium. LAV has become a

LV

cornerstone of diastolic evaluation (12), effectively

Clearly, atrial image quality after exercise can be

providing a time-averaged marker of elevated LV

challenging, so the protocol provides a new level of

diastolic

is

complexity in atrial assessment, and it is unclear

imperfect—for example, the left atrium may not

that the atrial strain response to exercise stress

reverse remodel very effectively (13)—it is clearly a

will become a useful clinical tool. If the current

has

not

enjoyed

pressure.

much

Although

clinical

this

parameter

and

its

pulmonary

and

RV

consequences.

predictor of adverse outcomes in a variety of situa-

generation of devices to “unload” the LA by

tions (14). Despite this, the assessment of atrial

permitting shunting to the RA are successful, then

function, both using conventional Doppler tech-

such a test could be helpful to better under-

niques and atrial strain, has been shown to add

stand which patients are likely to respond, and

incremental information to the structural informa-

perhaps how to tailor the device to the severity of

tion provided by LAV (14). In the absence of speciﬁc

the problem.

software for LA deformation, investigators have
by
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