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EDITORIAL COMMENT

Stiff by Stress
Operant LV Diastolic Stiffness Assessed With
Pre-Load Stress Echocardiography*
Michael Böhm, MD, Jan-Christian Reil, MD

I

n this issue of iJACC, Yamada et al. (1) echo-

occurs in response to a signiﬁcant increase in end-

cardiographically assessed pre-load stress in-

diastolic volume (low operant stiffness) (4). In

duced

to

contrast, when working on the right part of the curve,

improve risk stratiﬁcation in 202 consecutive pa-

by

leg-positive

pressure

(LPP)

the LV operates in the steep zone of EDPVR, indi-

tients with mild heart failure. Patients were classiﬁed

cating that small changes in volume are associated

in groups on the basis of their left ventricular (LV)

with a marked increase in ﬁlling pressures (high

diastolic dysfunction as characterized by transmitral

operant stiffness) (4). When exposed to excessive

ﬂow velocity. The authors focused on patients with

volume overload, even healthy hearts may have to

impaired relaxation (IR) at rest and under LPP (stable

work on the steep part of EDPVR, thereby developing

IR) and those with IR at rest and pseudonormal ﬂow

increased chamber stiffness with reduced pre-load

pattern under LPP (unstable IR). On the basis of pre-

reserve. Consequently, “diastolic impairment” can

load stress, Yamada et al. (1) could identify different

be induced by volume overload even in the absence

operant LV stiffness in both patient groups, but

of diastolic dysfunction in healthy subjects. Pressure-

associated with a poor prognosis in patients with

volume analysis can also distinguish diastolic prop-

unstable IR.

erties of different heart failure syndromes (Fig. 1A).
Patients with heart failure with preserved ejection
SEE PAGE 641

Diastolic myocardial function consists of 2 main

fraction often show diastolic dysfunction characterized by a leftward shift of EDPVR (low LV capacity: at

components: active LV relaxation and passive LV

a given ﬁlling pressure, end-diastolic volume is

chamber stiffness. The gold standard for analyzing

smaller than in control subjects). Patients with heart

myocardial diastolic function is invasive pressure-

failure and a reduced ejection fraction usually show a

volume analysis performed by conductance catheter

rightward shift in the pressure-volume diagram due

techniques. This approach can accurately assess the

to eccentric remodeling (high LV capacity: at a given

end-diastolic pressure-volume relationship (EDPVR)

ﬁlling pressure, end-diastolic volume is increased).

that mainly reﬂects passive myocardial properties in

Patients with heart failure and reduced ejection

health and disease (Fig. 1). The measured curve is

fraction often also show diastolic dysfunction, espe-

inherently nonlinear, and the slope of each of its

cially when working on the stiffer part of EDPVR

pressure-volume points (D pressure/D volume) repre-

(2–4). In summary, pathologic hemodynamic features

sents myocardial chamber stiffness (2–4). Chamber

can be analyzed and interpreted in the pressure-

stiffness varies with respect to end-diastolic pressure

volume relation on the basis of LV ﬁlling pressure

and volume. When acting on the ﬂat part of the curve,

and volume (Fig. 1A).

a small increase in the left ventricular ﬁlling pressure

Because pressure-volume analysis by conductance
catheter is too complicated for daily clinical routine,
assessment of LV diastolic stiffness remains chal-
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diastolic volume. The same is true for transmitral
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inﬂow proﬁle measured by pulsed wave Doppler.
Transmitral inﬂow reﬂects only the pressure gradient
between the left atrium and LV during diastole,

A

thereby characterizing LV ﬁlling pressures and LV
relaxation (6). With prolonged relaxation, early diastolic ﬁlling is decreased, so that ventricular ﬁlling is
compensated by increased atrial contraction (E<A,
stage I of diastolic dysfunction). With progression of
diastolic dysfunction and reduced LV compliance,
ﬁlling pressure increases with a resultant increase in
E-wave (E/A >1 stage II; pseudonormalization and
stage III E/A >2) (2,4). In contrast to pressure-volume
analysis, the measured echocardiographic ﬁlling
parameters without an indication of the corresponding ﬁlling volume can neither deﬁne the relative
position of EDPVR in comparison to that of control

B

nor determine their relative position on EDPVR
(Fig. 1A, pink dotted line). Therefore, these described
indexes should be considered together with echocardiographic measurements of end-diastolic volume or
ventricular size.
Patients with heart failure and Doppler-derived
higher grades of diastolic dysfunction (stages II to
III) have a poor prognosis (7). However, the relevance
of IR transmitral ﬂow pattern (E < A) is unclear. The
ﬂow pattern can be associated with normal diastolic
function in the elderly, showing low left ventricular
ﬁlling pressure in the absence of heart failure. On the
other hand, this ﬂow pattern may indicate clinical
diastolic dysfunction leading to an increase in LV
ﬁlling pressure and heart failure (8). Thus, in elderly

F I G U R E 1 LV Operant Stiffness in Health and Heart Failure

patients, an IR transmitral ﬂow pattern has to be

(A) Schematic end-diastolic pressure-volume relationship (EDPVR) of a

evaluated. Therefore, it is important to calculate the

healthy subject (green curve); patients with heart failure and preserved

operant stiffness of the LV to distinguish both groups,

ejection fraction (HFPEF) usually show a leftward shift in the pressure-volume

thereby assessing the prognostic value of mild dia-

(PV) diagram, whereas patients with heart failure and reduced ejection frac-

stolic dysfunction (E < A) in patients with heart
disease.

tion (HFREF) display a rightward shift (gray curves). Diastolic stiffness (DP/

DV) depends on the speciﬁc position on EDPVR (low or high operant stiffness). End-diastolic volume (EDV) (pink squares) at a deﬁned ﬁlling pressure

To address this problem, pre-load stress echocar-

determines left ventricular (LV) capacity. These parameters (EDV1 to EDV3)

diography was performed by Yamada et al. (1) to

characterize different EDPVRs at identical ﬁlling pressures (leftward or

determine operant stiffness of patients with mild

rightward shift in PV diagram). (B) Reconstruction of LV end-diastolic ﬁlling

heart failure with reduced or preserved ejection
fraction and an E/A ratio <1. A total of 202 patients

pressure and echocardiography-based end-diastolic volume after pre-load
stress test (based on Table 2 in Yamada et al. [1]). Patients with unstable
impaired relaxation (IR) (n ¼ 6) show a leftward shift in PV diagram with high

were included and were divided into patients with

operant stiffness (low LV capacity, green points), whereas patients with

E < A and those with pseudonormal or restrictive

stable IR (n ¼ 16, pink points) have higher LV capacity with lower operant

ﬁlling pattern (E > A). The group with an E/A ratio <1
was exposed to a pre-load stress test. Pre-load

stiffness. The dotted lines imitate the slope of the corresponding operant LV
stiffness in both groups of patients.

increase was caused by a positive leg pressure
(þ90 mm Hg) performed by a special leg massage
augments

These patients work on the ﬂat portion of the EDPVR

venous return with concomitant increase in pre-load,

(low operant stiffness) (Fig. 1A). Patients with high

resulting in a rightward shift of LV ﬁlling volume on a

operating stiffness, however, had a changed trans-

given EDPVR (Fig. 1A). Patients with low operant

mitral ﬂow proﬁle showing pseudonormalization

technique.

The

physical

intervention

stiffness did not show marked changes in Doppler

(unstable IR; n ¼ 54; high operant stiffness). On the

proﬁle after pre-load intervention (stable IR, n ¼ 121).

basis of the pre-load stress, the authors could
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elegantly identify patients with stable and unstable

As reported by Yamada et al. (1), patients with

IR and could additionally demonstrate prediction of

stable IR have a better prognosis compared with pa-

different prognostic values after clinical follow-up.

tients with unstable IR. The latter have a prognosis

In a small subgroup of patients with stable and

similar to those patients with a higher degree of dia-

unstable IR, invasively assessed ﬁlling pressure and

stolic dysfunction. So, it is the merit of the authors (1)

echocardiography-based volume measurements were

to introduce a dynamic pre-load stress test to gain

performed to illustrate the hemodynamic changes

echocardiography-based results of LV ﬁlling pressure

after pre-load stress (Fig. 1B, reconstructed from

and volume that may help to unmask patients with

Table 2 in Yamada et al. [1]). Patients with unstable

mild heart failure and a poorer prognosis. Further

IR showed a marked increase of ﬁlling pressure with

studies with more patients—preferably divided into

minimal changes in ﬁlling volume, indicating high

those with heart failure with reduced or preserved

operant stiffness close to pre-load reserve (green

ejection fraction—are needed to conﬁrm these prom-

points in Fig. 1B). Patients with stable IR, however,

ising results.

showed an appropriate increase in end-diastolic
volume and pressure (low operant stiffness) (pink
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