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EDITORIAL COMMENT

Left Ventricular Size, Mass, and Shape
Is the Sum Greater Than the Parts?*
Amil M. Shah, MD, MPH, Marc A. Pfeffer, MD, PHD

A

lterations in cardiac structure and function

and, subsequently, other imaging techniques pro-

have long been recognized as markers of

vided a noninvasive and accurate method with which

heightened risk for cardiovascular events.

to assess cardiac size and function and made broader

Indeed, even before the advent of noninvasive imag-

population screening feasible. Unlike electrocardio-

ing, electrocardiographic left ventricular hypertrophy

graphic LVH, echocardiography also allowed for

(LVH) was identiﬁed as one of the earliest “factors of

quantiﬁcation of LV mass, which proved far more

risk” for cardiovascular morbidity and mortality by

sensitive

the Framingham Heart Study investigators, alongside

highly prognostic (6,7). The subsequent efﬁcacy of

than

the

electrocardiogram

and

still

hypertension, hyperlipidemia, smoking, and obesity

angiotensin-converting enzyme inhibitors in persons

(1,2). Concurrently, Linzbach (3) used pathology sam-

with chronic or post-myocardial infarction LV systolic

ples to describe 2 distinct patterns of LVH, reﬂecting

dysfunction without overt heart failure (HF) in the

the impact of volume and pressure loading on LV

SOLVD (Studies of Left Ventricular Dysfunction) Pre-

muscle mass and chamber size: eccentric (volume)

vention (8) and SAVE (Survival and Ventricular

hypertrophy, characterized by increased chamber

Enlargement) (9) trials provided impetus to screen

size and residual volume; and concentric (pressure)

asymptomatic persons for systolic dysfunction (10–12).

hypertrophy, with preserved chamber size and resid-

These studies also reinforced the prognostic impor-

ual volume. Hammermeister et al. used left ventricu-

tance of both LV enlargement (13) and hypertrophy

lography to demonstrate the prognostic importance

(14). Importantly, subsequent investigations demon-

of LV volumes (4) and ejection fraction (5) for survival

strated that both regression of LVH (15) and prevention

in patients with valvular and coronary diseases,

or reversal of LV enlargement (16–18) is associated

respectively.

with improved clinical outcomes.

The invasive nature of these assessments necessi-

While Linzbach (3) described patterns of hyper-

tated investigations in only a highly select patient

trophy on the basis of LV mass and volume, the

population. The development of echocardiography

relationship between LV wall thickness and cavity
dimension, assessed noninvasively and termed the
relative wall thickness (RWT), has been used to
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F I G U R E 1 Comparison of LV Geometry Classiﬁcation Schemes

Left ventricular (LV) geometry classiﬁcation scheme outlined in the American Society of Echocardiography’s (ASE) chamber quantiﬁcation
guidelines (12) is compared with that proposed by Zile et al. (27). Prevalence (Prev) denotes the approximate population prevalence in the
Cardiovascular Health Study. Heart failure events (HF Events) denotes the approximate percentage of participants in that category who
experienced incident HF during study follow-up (adapted from Zile et al. [27]). ASE criteria classiﬁes on the basis of the presence or absence of
LV hypertrophy (LVH) and elevated relative wall thickness (RWT). In contrast, the proposed classiﬁcation by Zile et al. (27) is based on the
presence or absence of LV enlargement and LV H, and RWT is valuable primarily for subclassifying persons with normal LV size and mass.
Compared with the ASE criteria, the proposed scheme requires normal LV chamber dimension for concentric remodeling and concentric
hypertrophy and an enlarged LV chamber dimension for eccentric hypertrophy.

and HF with preserved ejection fraction, the prog-

reafﬁrms the prognostic importance of LV enlarge-

nostic relevance of increased RWT in the absence of

ment and hypertrophy for incident HF and mortality.

LVH (concentric remodeling) has been inconsistent

Despite preserved LVEF in most of the participants,

(22–26).

these alterations in LV structure were powerfully
SEE PAGE 512

prognostic for both incident HF and death beyond
standard clinical risk factors and renal function.

In this issue of JACC: Heart Failure, Zile et al. (27)

This analysis also challenges the widespread

report their prospective analysis of 3,181 elderly

scheme that classiﬁes LV geometry on the basis of the

participants with predominantly preserved left ven-

presence or absence of LV hypertrophy and increased

tricular ejection fraction (LVEF) and without prevalent

RWT (Figure 1). High RWT was informative only for

HF from the CHS (Cardiovascular Health Study) to

subsequent cardiovascular risk among participants

assess the prognostic implications of a novel LV

with normal LV size and mass, although this ﬁnding

geometry grading scheme that combines LV enlarge-

was of borderline signiﬁcance after multivariate

ment, hypertrophy, and concentric remodeling in a

adjustment with a wide 95% conﬁdence interval of

hierarchical fashion. All echocardiograms were cen-

0.95 to 1.80 (see Table 3 in Zile et al. [27]), despite being

trally analyzed, and cardiovascular endpoints were

the largest participant subgroup. The authors provide

adjudicated. With 13 years’ of follow-up during which

some indication of the reclassiﬁcation of participants

a sizeable number of participants experienced inci-

by using this novel classiﬁcation scheme compared

dent HF or died, the analysis represents an important

with the LV geometry classiﬁed on the basis of LV mass

contribution. As expected, LV enlargement and LV

and RWT. Although provocative, a comprehensive

hypertrophy were each individually associated with

assessment of the incremental value of this new clas-

greater risk of incident HF and death. The risk associ-

siﬁcation scheme, including quantitative reclassiﬁca-

ated with each of these 2 measures was additive, with

tion metrics, is not provided. Understanding this

the worst prognosis in those who had both LVH and

incremental beneﬁt is necessary before clinicians can

enlargement. This study is robust and emphatically

be asked to alter their established practice.
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Importantly, this well-designed analysis conﬁrms
the

prognostic

importance

of

easily

presented by Zile et al. (27) will provide the clinician

assessable

with information beyond what we already have will

noninvasive measures of LV structure and function,

require additional studies assessing the incremental

with any departure from normal LV structure associ-

value of the proposed scheme in patient populations

ated with heightened cardiovascular risk beyond

across the spectrum of cardiovascular disease.

standard clinical risk factors. The patterns of hypertrophy described by Linzbach (3) stand the test of

REPRINT REQUESTS AND CORRESPONDENCE: Dr.

time, as does the further reﬁnement of risk by RWT

Marc A. Pfeffer, Division of Cardiovascular Medicine,

among those without LV hypertrophy or LV enlarge-

Brigham and Women’s Hospital, 75 Francis Street,

ment, shown by Koren et al. (20). Whether the

Boston, Massachusetts 02445. E-mail: mpfeffer@rics.

hierarchical scheme to integrate these measures

bwh.harvard.edu.

REFERENCES
1. Dawber TR, Moore FE, Mann GV. Coronary heart
disease in the Framingham study. Am J Public
Health 1957;47:4–24.
2. Kannel WB, Dawber TR, Kagan A, Revotskie N,
Stokes J. Factors of risk in the development of
coronary heart disease—six year follow-up experience. The Framingham Study. Ann Intern Med
1961;55:33–50.
3. Linzbach AJ. Heart failure from the point of
view of quantitative anatomy. Am J Cardiol 1960;
5:370–82.
4. Hammermeister KE, Fisher L, Kennedy JW,
Samuels S, Dodge HT. Prediction of late survival in
patients with mitral valve disease from clinical,
hemodynamic, and quantitative angiographic variables. Circulation 1978;57:341–9.
5. Hammermeister KE, DeRouen TA, Dodge HT.
Variables predictive of survival in patients with
coronary disease. Selection by univariate and
multivariate analyses from the clinical, electrocardiographic, exercise, arteriographic, and quantitative angiographic evaluations. Circulation
1979;59:421–30.
6. Casale PN, Devereux RB, Milner M, et al. Value
of echocardiographic left ventricular mass in predicting cardiovascular morbid events in hypertensive men. Ann Intern Med 1986;105:173–8.
7. Levy D, Garrison RJ, Savage DD, Kannel WB,
Castelli WP. Prognostic implications of echocardiographically determined left ventricular mass
in the Framingham heart study. N Engl J Med
1990;322:1561–6.
8. SOLVD Investigators. Effect of enalapril on mortality and the development of heart failure in
asymptomatic patients with reduced left ventricular
ejection fractions. N Engl J Med 1992;327:685–91.
9. Pfeffer MA, Braunwald E, Moye LA, et al. Effect
of captopril on mortality and morbidity in patients
with left ventricular dysfunction after myocardial
infarction: results of the Survival and Ventricular
Enlargement trial. N Engl J Med 1992;327:669–77.
10. McDonagh TA, Morrison CE, Lawrence A, et al.
Symptomatic and asymptomatic left-ventricular
systolic dysfunction in an urban population.
Lancet 1997;350:829–33.

11. Mosterd A, Hoes AW, de Bruyne MC, et al.
Prevalence of heart failure and left ventricular
dysfunction in the general population. Eur Heart J
1999;20:447–55.
12. Davies MK, Hobbs FDR, Davis RC, et al. Prevalence of left-ventricular systolic dysfunction and
heart failure in the Echocardiographic Heart of
England Screening study: a population based
study. Lancet 2001;358:439–44.
13. St John Sutton M, Pfeffer MA, Plappert T, et al.
Quantitative two-dimensional echocardiographic
measurements are major predictors of adverse
cardiovascular events after acute myocardial
infarction. The protective effects of captopril.
Circulation 1994;89:68–75.
14. Quinones MA, Greenberg BH, Kopelen HA,
et al. Echocardiographic predictors of clinical
outcome in patients with left ventricular dysfunction enrolled in the SOLVD registry and trials:
signiﬁcance of left ventricular hypertrophy. J Am
Coll Cardiol 2000;35:1237–44.
15. Devereux RB, Wachtell K, Gerdts E, et al.
Prognostic signiﬁcance of left ventricular mass
change during treatment of hypertension. JAMA
2004;292:2350–6.

20. Koren MJ, Devereux RB, Casale PN,
Savage DD, Laragh JH. Relation of left ventricular
mass and geometry to morbidity and mortality in
uncomplicated hypertension. Ann Intern Med
1991;114:345–52.
21. Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber quantiﬁcation: a
report from the American Society of Echocardiography’s Guidelines and Standards Committee and the Chamber Quantiﬁcation Writing Group,
developed in conjunction with the European Association of Echocardiography, a branch of the
European Society of Cardiology. J Am Soc Echocardiogr 2005;18:1440–63.
22. Apostolakis S, Sullivan RM, Olshansky B,
Lip GY. Left ventricular geometry and outcomes in
patients with atrial ﬁbrillation: the AFFIRM trial.
Int J Cardiol 2014;170:303–8.
23. Verdecchia P, Schillaci G, Borgioni C, et al.
Prognostic value of left ventricular mass and
geometry in systemic hypertension with left
ventricular hypertrophy. Am J Cardiol 1996;78:
197–202.
24. Ghali JK, Liao Y, Cooper RS. Inﬂuence of left
ventricular geometric patterns on prognosis in
patients with or without coronary artery disease.

16. Solomon SD, Foster E, Bourgoun M, et al.

J Am Coll Cardiol 1998;31:1635–40.

Effect of cardiac resynchronization therapy of
reverse remodeling and outcome. Circulation
2010;122:985–92.

25. Krumholz HM, Larson M, Levy D. Prognosis of

17. Doughty RN, Whalley GA, Gamble G,
MacMahon S, Sharpe N. Left ventricular remodeling
with carvedilol in patients with congestive heart
failure due to ischemic heart disease. Australia-New
Zealand Heart Failure Research Collaborative
Group. J Am Coll Cardiol 1997;29:1060–6.
18. Merlo M, Pyxaras SA, Pinamonti B, Barbati G,
Di Lenarda A, Sinagra G. Prevalence and prognostic

left ventricular geometric patterns in the Framingham heart study. J Am Coll Cardiol 1995;25:
879–84.
26. Zile MR, Gottdiener JS, Hetzel SJ, et al. Prevalence and signiﬁcance of alterations in cardiac
structure and function in patients with heart failure and a preserved ejection fraction. Circulation
2011;124:2491–501.
27. Zile MR, Gaasch WH, Patel K, Aban IB,

signiﬁcance of left ventricular reverse remodeling
in dilated cardiomyopathy receiving tailored medical treatment. J Am Coll Cardiol 2011;57:2468–76.

Ahmed A. Adverse left ventricular remodeling in
community-dwelling older adults predicts incident
heart failure and mortality. J Am Coll Cardiol HF
2014;2:512–22.

19. Ganau A, Devereaux RB, Roman MJ, et al.
Patterns of left ventricular hypertrophy and geometric remodeling in essential hypertension. J Am
Coll Cardiol 1992;19:1550–8.

KEY WORDS heart failure, left ventricle,
structural remodeling

525

