
ISSN: 1524-4563 
Copyright © 2008 American Heart Association. All rights reserved. Print ISSN: 0194-911X. Online

72514
Hypertension is published by the American Heart Association. 7272 Greenville Avenue, Dallas, TX

DOI: 10.1161/HYPERTENSIONAHA.107.100222 
 2008;51;179-181; originally published online Dec 24, 2007; Hypertension
Giovanni de Simone and Richard B. Devereux 

  EffectRashomonAssessing Left Ventricular Performance: A 

 http://hyper.ahajournals.org/cgi/content/full/51/2/179
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

 http://www.lww.com/reprints
Reprints: Information about reprints can be found online at 
  

 journalpermissions@lww.com
410-528-8550. E-mail: 

Fax:Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. 
Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters
  

 http://hyper.ahajournals.org/subscriptions/
Subscriptions: Information about subscribing to Hypertension is online at 

 by on November 25, 2010 hyper.ahajournals.orgDownloaded from 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Archivio della ricerca - Università degli studi di Napoli Federico II

https://core.ac.uk/display/54961552?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://hyper.ahajournals.org/cgi/content/full/51/2/179
http://hyper.ahajournals.org/subscriptions/
mailto:journalpermissions@lww.com
http://www.lww.com/reprints
http://hyper.ahajournals.org


Assessing Left Ventricular Performance
A Rashomon Effect

Giovanni de Simone, Richard B. Devereux

The physiology of conduit arteries can be approximated
noninvasively. One simple method to estimate arterial

load is by computation of effective arterial elastance (Ea). Ea

incorporates the steady component (peripheral resistance) and
the pulsatile components of arterial load, including total
arterial compliance and aortic characteristic impedance. In-
vasive studies and simulations have shown that Ea can be
approximated by the ratio of left ventricular (LV) end-sys-
tolic pressure to stroke volume in normal and hypertensive
human subjects.1,2 An important practical advantage of the
calculation of Ea is the merging of all components of arterial
load into a single quantitative variable, although it has the
limitations of not separating the relative contributions of
steady and pulsatile components2 and of relative sensitivity to
variation of heart rate.3

Ea influences stroke volume and is related to LV contrac-
tility, as assessed at end ejection by the pressure-volume loop
and determination of the LV elastance (Emax).4,5 Thus, Ea has
been combined with Emax, the slope of a regression line
connecting end-systolic pressures and volumes obtained at
different loading conditions. The ratio Ea/Emax is widely used
as a measure of LV-arterial coupling. As emphasized recently
by Baicu et al,6 LV function, LV performance, LV contrac-
tility, and myocardial contractility are not interchangeable
terms. Experimental studies suggest that LV performance,
measured as stroke work (SW),6 is maximal when Emax�Ea.
LV performance increases its efficiency when, for a given
SW, myocardial oxygen consumption is lower. The optimal
efficiency of LV performance is achieved at Ea�0.5Emax.5,7

However, beyond these clear-cut limits, there is also evidence
that SW may remain near maximal for a broad range of
Ea/Emax values,7 mostly depending on the magnitude of
preload and preload-recruitable SW.8

In addition to end-ejection phase indices, LV contractility
can also be measured by isovolumic phase indices (peak
positive dP/dt) and ejection phase indices (end-systolic wall
stress versus fractional shortening). Because measures of LV
contractility using LV volumes or shortening assess the
inotropic state of the LV chamber, they may be influenced by

LV geometric changes that alter the relation of the chamber to
myocardial contractility.9

LV Function, Performance, and Ea/Emax

in Hypertension
In this issue of the journal, Osranek et al10 demonstrate
noninvasively that optimal control of arterial hypertension
can shift LV work from maximal SW (Ea/Emax�1) to optimal
efficiency (Ea/Emax�0.5). In other words, after optimal control
of blood pressure, the lower Ea/Emax suggests that the left
ventricle may develop the same amount of work with much
lower oxygen consumption. The authors attribute this dra-
matic improvement to a possible increase in the coronary
blood supply, as suggested by the Buckberg index (ie, the
ratio between the diastolic and the systolic areas under the
pressure waveform). However, as they recognize, the im-
provement of LV-arterial coupling is substantially related to
a near doubling of the Emax value but little change in Ea. Thus,
the whole result of the study seems to be driven by a
remarkable improvement in end-ejection phase LV contrac-
tility. Although the change in Emax is very evident, the results
concerning LV function and performance are less clear,
although equally interesting.

Although LV efficiency and contractility improved sub-
stantially and myocardial afterload (end-systolic stress) mark-
edly decreased in the group of hypertensive patients studied
by Osranek et al,10 ejection fraction did not change or even
tended to decrease. It is likely that LV midwall shortening, a
more direct measure of wall mechanics and myocardial
contractility, especially in the presence of concentric LV
geometry,11 did not change, as suggested by the unchanged
relative wall thickness. Because end-systolic stress was sig-
nificantly reduced at rest, the apparently inconsistent lack of
an increase in ejection fraction or implicit midwall shortening
despite substantially increased chamber contractility (as mea-
sured by Emax) would be that either preload or myocardial
contractility is reduced after treatment, blunting the expected
increase in ejection-phase indices. Actually, in hypertension
trials, it is common that resting LV chamber systolic function
does not change after reduction of blood pressure and myocar-
dial afterload, but this is usually attributable to modifications
of LV geometry and consequent mechanical changes.9 When
this occurs, reduction of blood pressure is usually paralleled
by regression of LV hypertrophy and improvement of mid-
wall shortening.12 However, this mechanism cannot be in-
voked to explain the findings of Osranek et al,10 because in
their patients neither LV mass (which can be estimated from
reported LV end-diastolic volume and relative wall thickness)
nor relative wall thickness were reduced after normalization
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of blood pressure, and midwall shortening is likely to follow
the trend of ejection fraction.

Resting Conditions or Load Challenges
Taken together, Osranek et al6 demonstrate a dramatic effect
of normalization of blood pressure on end-ejection indices of
LV contractility, driving improvement in LV efficiency and
LV-arterial coupling, in the absence of changes in LV
geometry, without visible benefit in the ejection-phase indi-
ces, an apparent inconsistency that needs to be reconciled.
The main resting LV function parameters showed no im-
provement between baseline and end treatment. Instead, eg,
the simple end-systolic pressure/volume ratio, often used as
single-point index of LV elastance, tended to decrease after
treatment from �1.8 to 1.3, paralleling the nonsignificant
decrease of LV ejection fraction. In contrast, this ratio
remains near identical after the load increase by handgrip
(�1.7 versus 1.6) consistent with the benefit found by
calculating the Emax slope. Resting stroke volume tended to be
reduced, albeit not significantly, paralleling ejection fraction.
Average stroke volume fell by �7 mL with handgrip at
baseline, whereas it increased by a mean of 5 mL after
normalization of blood pressure. The difference in the stroke
volume response to handgrip might be statistically signifi-
cant. Thus, whereas the small increase in cardiac output with
baseline handgrip was only attributable to the increase in
heart rate, counterbalanced by the decreased stroke volume,
after treatment, the significant increase of cardiac output with
handgrip was attributable to a smaller increase in heart rate
and some stroke volume contribution, a much more energet-
ically convenient adaptation.

Thus, the full benefit of improved arterial-ventricular
coupling found in these patients could only be identified with
the load challenge by handgrip, whereas the LV function
benefits at rest were at best equivocal. This does not mean
that changes in response to LV load challenge are more
clinically important than treatment-related changes identified
at rest, for which extensive evidence of benefit exists, but
only that there are differences between resting evaluation and
assessment of load challenge response.

LV performance and energy expenditure are influenced by
multiple combinations of preload, LV contractility, heart rate,
arterial resistance, and compliance, all elements with great
variability under many physiological conditions. However, to
optimize LV energetics, a unique combination of LV con-
tractility, heart rate, and arterial impedance characteristics
needs to be arranged.5 Most changes reported in the study of
Osraneket al10 are related to the integrated LV response to
isometric exercise stimulation. Isometric exercise causes
central cardiac and hemodynamic responses different from
those of endurance exercise.13 Compared with the volume
overload imposed by moderate endurance exercise, isometric
exercise increases total peripheral resistance (1 component of
Ea), causing a disproportionate increase in blood pressure and
heart rate and imposing or increasing the LV pressure
overload.14 As a consequence, end-systolic pressure in-
creases. With isometric exercise, SW increases because of
higher end-systolic pressure, whereas stroke volume does not
change (Figure) with a modest increase in cardiac output

because of higher heart rate. In contrast, endurance exercise
imposes a volume overload and SW increases because of
higher stroke volume as a consequence of recruitment of
Starling forces. Heart rate increases with less change in
end-systolic pressure (Figure). Emax differs in the 2 condi-
tions,15 as does Ea.

Conclusions
The sole use of the end-ejection pressure-volume relation to
assess LV contractility implies “renunciation of important
information.”15 Assessment of stress-length relations is indis-
pensable for the assessment of myocardial function under
conditions of changed ventricular geometry.15 The findings of
Osranek et al10 are interesting, because improved end-systolic
measures of LV function are not paralleled by a change in
ejection fraction despite reduced LV wall stress. When this
occurs, information beyond what is provided by end-ejection
indices is needed to understand potentially explanatory roles
of changes in indices of preload or other measures of LV
myocardial contractility.

Rashomon was a masterpiece of the Japanese movie-
director Akira Kurosawa, representing the same reality, an act
of violence, under very different perspectives of 4 eyewit-
nesses. At the end of the movie, the spectator is astonished
because there is not absolute truth in the story but only
personal visions of what happened.16

Disclosures
None.

References
1. Kelly RP, Ting CT, Yang TM, Liu CP, Maughan WL, Chang MS, Kass

DA. Effective arterial elastance as index of arterial vascular load in
humans. Circulation. 1992;86:513–521.

2. Segers P, Stergiopulos N, Westerhof N. Relation of effective arterial
elastance to arterial system properties. Am J Physiol Heart Circ Physiol.
2002;282:H1041–H1046.

3. Ohte N, Cheng CP, Little WC. Tachycardia exacerbates abnormal left
ventricular-arterial coupling in heart failure. Heart Vessels. 2003;18:
136–141.

4. Sunagawa K, Maughan WL, Burkhoff D, Sagawa K. Left ventricular
interaction with arterial load studied in isolated canine ventricle. Am J
Physiol. 1983;245:H773–H780.

Figure. LV pressure-volume loop at different loading conditions
with respective Emax. The left panel shows a pressure challenge;
the right panel shows a volume challenge. In the left panel, SW
increases because of increased developed pressure; in the right
panel, SW increases because of increased stroke volume with
marginal changes in the developed pressure because of recruit-
ment of Starling forces. At the same level of myocardial con-
tractility, the resulting Emax might be very different.

180 Hypertension February 2008

 by on November 25, 2010 hyper.ahajournals.orgDownloaded from 

http://hyper.ahajournals.org


5. Sunagawa K, Maughan WL, Sagawa K. Optimal arterial resistance for the
maximal stroke work studied in isolated canine left ventricle. Circ Res.
1985;56:586–595.

6. Baicu CF, Zile MR, Aurigemma GP, Gaasch WH. Left ventricular sys-
tolic performance, function, and contractility in patients with diastolic
heart failure. Circulation. 2005;111:2306–2312.

7. de Tombe PP, Jones S, Burkhoff D, Hunter WC, Kass DA. Ventricular
stroke work and efficiency both remain nearly optimal despite altered
vascular loading. Am J Physiol. 1993;264:H1817–H1824.

8. Lee WS, Huang WP, Yu WC, Chiou KR, Ding PY, Chen CH. Estimation
of preload recruitable stroke work relationship by a single-beat technique
in humans. Am J Physiol Heart Circ Physiol. 2003;284:H744–H750.

9. de Simone G, Devereux RB. Rationale of echocardiographic assessment
of left ventricular wall stress and midwall mechanics in hypertensive
heart disease. Eur J Echocardiogr. 2002;3:192–198.

10. Osranek M, Eisenach JH, Khandheria BK, Chandrasekaran K, Seward
JB, Belohlavek M. Arterioventricular coupling and ventricular effi-
ciency after antihypertensive therapy: a noninvasive prospective study.
Hypertension. 2008;51:275–281.

11. Dumesnil JG, Shoucri RM. Effect of the geometry of the left ventricle on
the calculation of ejection fraction. Circulation. 1982;65:91–98.

12. Perlini S, Muiesan ML, Cuspidi C, Sampieri L, Trimarco B, Aurigemma
GP, Agabiti-Rosei E, Mancia G. Midwall mechanics are improved after
regression of hypertensive left ventricular hypertrophy and normalization
of chamber geometry. Circulation. 2001;103:678–683.

13. Warburton DE, Haykowsky MJ, Quinney HA, Blackmore D, Teo KK,
Humen DP. Myocardial response to incremental exercise in endurance-
trained athletes: influence of heart rate, contractility and the Frank-
Starling effect. Exp Physiol. 2002;87:613–622.

14. Mizushige K, Matsuo H, Nozaki S, Kwan OL, DeMaria AN. Differential
responses in left ventricular diastolic filling dynamics with isometric
handgrip versus isotonic treadmill exertion. Am Heart J. 1996;131:
131–137.

15. Jacob R, Kissling G. Ventricular pressure-volume relations as the primary
basis for evaluation of cardiac mechanics. Return to Frank’s diagram.
Basic Res Cardiol. 1989;84:227–246.

16. Rashomon. Akira Kurosawa, director. Donald Richie, ed. Piscataway, NJ:
Rutgers University Press; 1987.

Simone and Devereux Left Ventricular Performance 181

 by on November 25, 2010 hyper.ahajournals.orgDownloaded from 

http://hyper.ahajournals.org

