
A
t some point in the natural history of hyper-
tension, the compensatory increase in left
ventricular (LV) mass ceases to be beneficial.
It becomes a preclinical disease and an inde-

pendent risk factor for congestive heart failure, ischemic
heart disease, arrhythmia, sudden death, and stroke.1

LV hypertrophy (LVH) is adequately and most com-
monly diagnosed using electrocardiography (ECG)
and, more particularly, M-mode and two-dimensional
(2D) echocardiography, which provide comprehensive
wall, chamber, and LV mass measures, together with
systolic and diastolic performance indices, while re-
maining cheap, widely available, and wholly noninva-
sive (Table I). Sophisticated and more accurate tech-
niques, such as magnetic resonance imaging (MRI) or
cine computerized tomography, are inevitably more
expensive and time-consuming, and of limited avail-
ability. 

DETERMINANTS 
OF HYPERTENSIVE LVH

The high prevalence of LVH in hypertension reflects
the increased afterload imposed on the LV. However,
other important determinants include demographic
characteristics, the nature of the hemodynamic load,
neurohumoral and growth factors, and underlying ge-
netic factors.   
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At some point in the natural history of hypertension,
the compensatory increase in left ventricular (LV) mass
ceases to be beneficial. LV hypertrophy (LVH) becomes
a preclinical disease and an independent risk factor
for congestive heart failure, ischemic heart disease,
arrhythmia, sudden death, and stroke. The multiple
mechanisms involved, in addition to elevated blood
pressure, include body size (obesity), demographics
(age, gender, and race), and contributions by fibro-
genic cytokines and neurohumoral factors, notably
angiotensin II, which favor interstitial collagen depo-
sition and perivascular fibrosis. These tissue changes,
in conjunction with geometric abnormalities, primarily
concentric hypertrophy, are responsible for the insidi-
ous dysfunction associated with LVH, beginning with
decreased coronary reserve and altered diastolic ven-
tricular filling and relaxation. The cardinal investiga-
tion is echocardiography: [Doppler transmitral flow
velocities expressed as the early (E) to atrial (A) wave
ratio reveal LVH as a state of potential or actual my-
ocardial ischemia]. All antihypertensive drugs regress
LVH, notably the angiotensin-converting enzyme in-
hibitors, which may also target the detrimental tissue
changes. Regression enhances systolic midwall per-
formance, normalizes autonomic function, and restores
coronary reserve. The resulting improvement in prog-
nosis has enshrined the detection, prevention, and 
reversal of LVH in the current guidelines of hyperten-
sion management
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Table I. Left ventricular hypertrophy (LVH) parameters measured by
echocardiography.  

• Left ventricular geometry, left atrium, aortic root 

• Left ventricular systolic dysfunction

• Diastolic filling abnormalities

• Stroke work

• Total artery compliance

• Myocardial ischemia (stress echocardiography)



Blood pressure

Hypertension is the fundamental trigger to the se-
quence of biological events leading to the development
of LVH. However, the relationship between LV mass
and clinic blood pressure is rather weak. LV mass is
more closely related to mean 24-hour blood pressure.2

Several studies investigating the relative importance
of day and night blood pressure have focused on the
absence of a nocturnal dip in blood pressure.3,4 How-
ever, the dipper/nondipper classification is arbitrary
and poorly reproducible. There is also the possibility
that increased blood pressure is the consequence,
rather than the cause, of LVH and associated vascular
structural changes. Volume load, inotropy, and arterial
compliance are also important determinants of the
development and degree of LVH. 

Demographics

Age, gender, race, and body size can all influence LV
mass, possibly mediated via cardiac load. Thus, LVH
prevalence increases with age, in both hypertensives
and normotensives, perhaps due to the combination of
age-related blood pressure elevation and declining aor-
tic compliance. Aging also accounts for specific tissue
changes, notably interstitial fibrosis and myocyte loss.
Similarly, there is a gender difference in LV mass, which
becomes evident in adolescence and remains constant
during adult life; although the age-related increase in
LV mass is greater in postmenopausal women than in
men, gender is not a significant determinant of cardio-
vascular complications or of the prognostic impact of
LVH. Hypertensive LVH is more evident in blacks than
in whites at similar increases in blood pressure; cer-
tain cardiovascular complications, such as heart failure
and sudden death, are also more common in blacks.

Body size, notably obesity, which compounds hemo-
dynamic load independently of a clear-cut increase in
blood pressure, is a major determinant of LV mass.
With dietary sodium, it is associated with increased
plasma volume and cardiac output, and may be respon-
sible for hypertensive LVH.5

It has been suggested that by considering these mea-
surable factors and hemodynamic load, echocardio-
graphic LV mass could be assessed in the individual
patient by deviation from the value appropriate for a
given cardiac workload, corrected for gender and body
size. Patients with an LV mass inappropriate to the
stroke work for their gender and body size tend to clus-
ter with metabolic risk factors. LV mass that overcom-
pensates for hemodynamic load is associated with
high cardiovascular risk. However, it is not yet known
whether the morphological alteration conferring the
higher risk is the presence of inappropriate LV mass or
the development of LVH per se.6,7 The definition and
clinical evaluation of “inappropriate” LV mass require
further study.
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SELECTED ABBREVIATIONS AND ACRONYMS

CATCH Candesartan Assessment in the Treatment
of Cardiac Hypertrophy

ELSA European Lacidipine Study on Athero- 
sclerosis  

ELVERA Effects of amlodipine and lisinopril on Left
VEntriculaR mAss and diastolic function

HOPE Heart Outcomes Prevention Evaluation

IGF-I insulin-like growth factor–I

LIFE Losartan Intervention For Endpoint reduc-  
tion in hypertension 

LIVE LVH regression: Indapamide Versus 
Enalapril

LVH left ventricular hypertrophy 

MAPK mitogen-activated protein kinase 

PIUMA Progetto Ipertensione Umbria Monitorag-
gio Ambulatoriale

PRESERVE Prospective Randomized Enalapril Study 
Evaluating Regression of Ventricular 
Enlargement

QTL quantitative trait loci 

RAAS renin-angiotensin-aldosterone system

RACE RAmipril Cardioprotective Evaluation

REASON PREterax in regression of Arterial Stiffness
in a contrOlled double-bliNd study

REGAAL LVH REGression with the Angiotensin 
Antagonist Losartan  

SAMPLE Study on Ambulatory Monitoring of blood
Pressure and Lisinopril Evaluation

SILVHIA Swedish Irbesartan Left Ventricular hyper-
trophy Investigation Versus Atenolol

SNP single nucleotide polymorphism

TGF-β1 transforming growth factor β1

TIMP-1 tissue inhibitor or metalloproteinase–1

TOMHS Treatment Of Mild Hypertension Study

VA Veterans Administration (cooperative 
study)



Neurohumoral factors

Early experiments showed that the sympathetic nervous
system induced LVH in a number of situations: even
subhypotensive doses of norepinephrine increased LV
mass. In humans, the effect is less clear-cut: if in pheo-
chromocytoma LVH prevalence is relatively low and
LV mass appears to increase proportionately to blood
pressure, in essential hypertension LVH is associated
with altered autonomic activity and a blunted response
to β-adrenoceptor stimulation.8-10

Experimental studies also revealed the role of the renin-
angiotensin-aldosterone system (RAAS) in mediating
LVH. By stimulating the angiotensin receptor, angio-
tensin II induces hypertrophy and hyperplasia in myo-
cytes and smooth muscle cells, and may regulate my-
ofibroblast collagen synthesis. Excess angiotensin II
production may regulate the expression of fibrogenic
cytokine transforming growth factor-β1 (TGF-β1). Au-
tocrine induction by TGF-β1 of the genes coding for
extracellular matrix proteins determines perivascular
and interstitial fibrosis. Angiotensin II may also de-
press collagenase activity, hence favoring interstitial
collagen deposition.

Aldosterone may also stimulate extracellular collagen
deposition and myocardial fibrosis.11,12 A key determi-
nant of collagen degradation is the activation of met-
alloproteinases (a family of zinc-containing proteins
that also includes stromalysins, collagenases, and
gelatinases) and a multifunctional protein, tissue in-
hibitor of metalloproteinase–1 (TIMP-1), produced by
connective tissue cells and macrophages, and proba-
bly regulated by angiotensin II.13

The pathogenic role of the RAAS in the development
of hypertensive LVH requires confirmation, although
LV mass is significantly increased in renovascular hy-
pertension and primary aldosteronism compared with
essential hypertension.14,15 There is also a correlation
between LV mass and plasma aldosterone, which is
independent of blood pressure.12

Insulin

Hypertensive LVH is often associated with insulin re-
sistance and high insulin levels. Significant correlation
between LV mass and insulin and insulin-like growth
factor–I (IGF-I) was observed in a cohort of 101 essen-
tial hypertensives with normal glucose tolerance from
the Progetto Ipertensione Umbria Monitoraggio Am-
bulatoriale (PIUMA); in addition, IGF-I was a main de-

terminant of LV mass and geometry, independent of
blood pressure.16 Very high LVH prevalence (>70%) has
been repeatedly observed in diabetics, associated with
changes in systolic and diastolic function dispropor-
tionate to the increase in blood pressure. The involve-
ment of IGF-I may clarify the link between obesity, blood
pressure elevation, LVH, and the metabolic syndrome.

Leptin is another possible neuroendocrine determi-
nant. LVH in an animal model of leptin deficiency
(the ob/ob mouse) reversed rapidly in response to ex-
ogenous leptin, suggesting that myocardial leptin 
receptors could be involved in cardiac remodeling.17

Other major metabolic cardiovascular risk factors, no-
tably hypercholesterolemia and diabetes, also deter-
mine LV mass and the prevalence of LVH. Thus, low
plasma high-density lipoprotein (HDL) cholesterol
levels have been associated with increased LV mass,
independently of blood pressure.

Genetics

Analysis of LV mass heritability in 2624 subjects in the
Framingham Heart Study showed a closer correlation
between LV mass in first-degree relatives than in sec-
ond-degree relatives or couples, suggesting that about
30% of LV mass variance is genetic.18 Studies of genet-
ic influence on LV mass have focused on candidate
genes, ie, gene polymorphisms that may be involved
in the hypertrophic cell process, using the genomewide
scan technique to screen for a large number of genet-
ic polymorphisms associated with the phenotype.

Polymorphisms associated with the RAAS were the
initial target. In 1994, Schunkert et al described an as-
sociation between insertion/deletion polymorphism
of the angiotensin-converting enzyme (ACE I/D ) and
ECG LVH.19 Attempts at confirmation brought mixed
results: a 1997 meta-analysis of five case-control stud-
ies in 3285 subjects found no association between the
D allele and an increased risk of echocardiographic
LVH.20 The ACE I/D genotype may only have a signifi-
cant effect on LV mass in particular circumstances, eg,
vigorous exercise, hypertension, renal failure, or car-
diac ischemia.

There is unconfirmed evidence of an association be-
tween LVH and aldosterone synthase genetic poly-
morphism.21 Studies are ongoing on the role of other
candidate genes, including those related to α- and 
β-adrenoceptors and components of the signal trans-
duction mechanisms involved in cardiac hypertrophy,
ie, G proteins, and mitogen-activated protein kinase
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(MAPK) regulated by calcium-dependent phosphatase.
Genomewide scans are becoming easier to perform
thanks to DNA microarray technology and the increas-
ing number of single nucleotide polymorphisms (SNP)
that have been identified. Putative chromosomal quan-
titative trait loci (QTL) influencing the variability of
cardiac mass have been described in animals, but not
as yet any specific genes related to increased LV mass—
nor have any similar results been obtained in humans.

METHODS OF ASSESSING LVH 

LVH has become integral to the diagnostic workup and
treatment strategy in hypertension, as recommended
by the European Society of Hypertension (ESH) and
European Society of Cardiology (ESC).22

The most common diagnostic tools are the ECG and
echocardiogram. ECG remains the conventional meth-
od, despite low sensitivity compounded by increasing
age and body weight. New ECG criteria in addition to
repolarization abnormalities and increased voltage
have been proposed in recent years, the Cornell method
being the most sensitive.23 The ECG can also be used
to detect patterns of ventricular overload (“strain”) or
ischemia, indicating higher risk.

Since ECG and echocardiographic LVH predict mortality
independently of one another and other cardiovascu-
lar risk factors, they convey, at least in part, different
prognostic information,24 in particular when the ECG
shows a strain pattern.25

Echocardiography is now widely available in the in-
dustrialized world for determining LV mass. It is time-
and cost-effective, specific, ideal for serial mass and
function follow-up, and more sensitive than ECG.

LV mass is calculated from the LV interventricular sep-
tum and posterior wall thicknesses and internal diam-
eter using the Penn or American Society of Echocar-
diography (ASE) formulas, each of which has been
validated by autopsy.26,27 All studies evaluating the
prognostic significance of changes in LV mass have ap-
plied one or both formulas to M-mode measures made
under 2D control. Values obtained using different for-
mulas have given superimposable results.28 However,
despite its advantages, echocardiography is not infal-
lible, and technical error is always possible, due to the
method itself, the quality of the examination, or inter-
preter inexperience. An Italian Society of Hypertension
study of the reliability of repeat echocardiography
recordings and interpretations in 260 normotensive

and hypertensive subjects in 16 centers attributed bi-
ological significance to changes in LV mass exceeding
10% to 15%.29 Similarly, the Prospective Randomized
Enalapril Study Evaluating Regression of Ventricular
Enlargement (PRESERVE) found an intraclass correla-
tion coefficient of 0.93 between two measures (screen-
ing and randomization) of echocardiographic LV mass
in 183 hypertensive patients with LVH.30 Changes ±35 g
and ±17 g represented probabilities of biological sig-
nificance of 95% and 80%, respectively.

Under normal cardiac loading conditions, body size,
and in particular lean body mass, is the most impor-
tant determinant of heart size. For this reason, LV mass
is usually normalized to body size. Normalization to
body weight or other size measures (eg, body surface
area) are inaccurate when body composition is altered,
as in obesity. A surrogate of lean mass, body height,
with LV mass indexed to height to the allometric pow-
er of 2.7, is particularly useful when evaluating the im-
pact of abnormal body composition on LV anatomy,
as in obesity or anorexia nervosa, but it is no better
than other indices for prognostic purposes. Two main
definitions of echocardiographic LVH based on prog-
nostic data are in current use: (i) LV mass indexed to
height (m2.7) ≥51 g in both genders31; and (ii) LV mass
indexed to body surface area (m2) >125 in both gen-
ders (Table II).

Echocardiography is also useful in assessing the dif-
ferent types of LV geometric adaptation to increased
cardiac load (Figure 1).32 The characteristics of con-
centric hypertrophy are increases in both mass and
relative wall thickness, whereas those of eccentric hy-
pertrophy are increased mass and a relative wall thick-
ness < 0.45. Remodeling is said to be concentric when
thickness increases with respect to radius, but without
an increase in LV mass. Concentric hypertrophy ap-
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LV mass/h (g/m2.7) >51 (M & F) 

LV mass/BSA (g/m2) >125 (M & F)

LV mass/BSA (g/m2) ≥117 (M); ≥104 (F)

LV mass/BSA (g/m2) ≥125 (M); ≥110 (F)

LV mass/BSA (g/m2) ≥131 (M); ≥100 (F)

LV mass/h (g/m) ≥143 (M); ≥102 (F)

LV mass/h (g/m) ≥149 (M); ≥114 (F)

LV mass/h (g/m2.7) >50 (M); >47 (F)

Table II. Left ventricular hypertrophy (LVH) diagnostic values.

Abbreviations: BSA: body surface area; F: females; h, height; M: males. 



pears to carry the highest risk and eccentric hypertrophy
an intermediate risk, while concentric remodeling is
probably associated with a smaller, albeit noteworthy
risk. Geometries also differ in their hemodynamics, with
elevated total peripheral resistance and low cardiac out-
put in concentric hypertrophy, and normal total periph-
eral resistance and high cardiac output in eccentric
hypertrophy. Whether the geometries represent struc-
tural alterations of myocardial tissue is unknown.

Geometric patterns of LV adaptation have mechanical
consequences. LV systolic performance can be mea-
sured both at the endocardium by fractional shortening,
reflecting chamber function, and at the midwall, where
circumferential fiber contraction makes a greater con-
tribution to stroke volume.33 Midwall fractional short-
ening has important prognostic significance.34,35 In ad-
dition, Doppler transmitral flow and LV outflow tract
studies can be used to measure several indices of dias-
tolic function, reflecting both passive filling and active
relaxation.

Newer imaging methods such as MRI offer more accu-
rate measures of LV mass, even in ventricles with asym-
metrically increased thickness or abnormal contractility.
MRI has provided important pathophysiologic infor-
mation (midwall mechanics), but the duration, com-
plexity, and cost of the examination hinder wider use.
3D reconstruction of 2D echocardiographic images has
increased the reproducibility of LV mass measurements

and improved the display of changes
in the segmental contractility of the
LV wall. However, given the difficulty
of obtaining accurate orientation of
the 2D planar images, their time-con-
suming planimetric reconstruction
in 3D and identification of the exter-
nal border of LV walls, technologi-
cal advance is required before there
can be a dramatic increase in use.
Methods have been developed to
quantify tissue composition. Studies
in animals and humans have shown

that LV acoustic properties under physiological and
pathological conditions are influenced by several tis-
sue components, in particular myocardium, contrac-
tile and elastic tissue, collagen and inelastic tissue, as
well as by structures such as arteries, veins, myocytes,
and sarcomeres. Results with videodensitometry and
integrated backscatter to characterize tissue in several
diseases associated with abnormal myocardial tissue,
hypertensive LVH, and diabetes indicate that this tech-
nique can complement clinical evaluation by reveal-
ing preclinical end-organ damage.36,37 Further repro-
ducibility and feasibility studies are required to assess
the clinical applications of these techniques in patients
with hypertension and other risk factors.

PROGNOSTIC SIGNIFICANCE OF LVH

Whether assessed by ECG or echocardiography, LVH
is a well-documented harbinger of morbidity and mor-
tality. In several studies the adjusted risk of cardiovas-
cular morbidity associated with baseline LVH ranges
from 1.5 to 3.5 with a weighted risk ratio of 2.3 for all
studies combined (Table III, page 8)38-40; the adjusted
risk of all-cause mortality associated with baseline
LVH ranges from 1.5 to 8, with a weighted mean risk
ratio of 2.5 for all studies combined.41

The structural remodeling of cardiomyocytes, non-my-
ocytes, and fibroblasts that occurs in cardiac hypertro-
phy contributes to perivascular fibrosis, initially around
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1st tertile
(LVMI <91 g/m2)

2nd tertile
(LVMI 91-117 g/m2)

3rd tertile
(LVMI >117 g/m2)
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Figure 1. Cardiovascular events associated with
concentric versus eccentric geometry. 

Abbreviations: LVMI: left ventricular mass index;
RWT: relative wall thickness. 

Reproduced from reference 82: Muiesan ML,
Solvetti M, Monteduro C, et al. Left ventricular
concentric geometry during treatment adversely
affects cardiovascular prognosis in hypertensive
patients. Hypertension. 2004;43:1-8. Copyright 
© 2004, American Heart Association, Inc.  



intramural coronary arteries and thereafter in the in-
terstitial space.42 Increases in fibrillar collagen types I
and III lead to progressive abnormalities of diastolic
ventricular filling and relaxation, systolic dysfunction,
arrhythmias, and conduction disturbances, thus greatly
compounding the risk associated with LVH.1 Excess
ventricular collagen may be due to increased collagen
synthesis, but also to insufficient collagen degradation
by interstitial collagenase.

The resulting pathophysiological and clinical changes
accounting for increased risk in hypertensive LVH in-
clude both diastolic and systolic dysfunction, the latter
being initially detected only during exercise. LV systolic
function depends closely on myocardial afterload, as
shown by the linear relationship between LV endocar-
dial fractional shortening and end-systolic stress. In
most cases of mild-to-moderate hypertension, LV sys-
tolic function is well preserved. Indeed, “supranormal”
LV ejection fraction and fractional shortening have been
found in hypertensive subgroups with mild LVH, pos-
sibly reflecting enhanced myocardial contractility. How-
ever, this contrasts not only with experimental data
showing progressive impairment of contractility during
gradual hypertension onset, but also with the Fram-
ingham evidence that hypertension remains, directly
or indirectly, the most important predictor of conges-
tive heart failure in the general population.

The paradox has been resolved by showing that LV frac-
tional shortening or ejection fraction, measured at
the endocardium, reflects chamber dynamics, but does
not necessarily provide a direct measure of myocardial
fiber shortening43: the circumferential fibers respon-
sible for LV short-axis shortening are located in the
midportion of the LV walls, between two longitudinal
shells responsible for long-axis shortening and twist-
ing. Switching to a more physiologic midwall mechan-
ics index related to circumferential end-systolic stress

reveals that myocardial chamber function is often over-
estimated in hypertension, particularly if LV wall thick-
ness is increased.35 Several studies have shown that
LV midwall function is commonly reduced by 15% to
20% in hypertensive patients. The subgroup with de-
pressed LV midwall function displays other features
associated with an elevated cardiovascular risk profile,
eg, concentric geometry, elevated peripheral resistance
and heart rate, overweight, or obesity. Higher midwall
fractional shortening is associated with female gender,
in both hypertensive patients and the general popula-
tion. Low midwall fractional shortening has proved an
independent predictor of cardiovascular morbidity and
mortality in hypertensive patients, as well as in healthy
elderly subjects and American Indians in two general
population–based surveys.35,36,44,45

Diastolic dysfunction may be observed early in the nat-
ural history of hypertension and also in the normoten-
sive children of hypertensive parents.46 It becomes
more frequent in the presence of hypertensive LVH,
and is influenced by advancing age, high heart rate
and obesity. There is also a gender difference: in hy-
pertensive LVH, impaired diastolic relaxation affects
exercise capacity more severely in women, particularly
if elderly, than in men.

LV diastolic dysfunction has been increasingly diag-
nosed in asymptomatic hypertension thanks to echo-
cardiography, initially from measurements made on
M-mode tracings and subsequently from Doppler trans-
mitral flow velocities,50 corrected for a number of well-
characterized determinants such as age, gender, heart
rate, and blood pressure. The velocities—A wave (atri-
al contraction and emptying) and E wave (early LV fill-
ing)—occur in three patterns representing worsening
diastolic LV filling: (i) slowed relaxation, with an invert-
ed E/A ratio, slowed deceleration time, and increased
isovolumic relaxation time; (ii) pseudonormalization,
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Table III. Studies of the association between baseline left ventricular hypertrophy (LVH) and cardiovascular events. 

Abbreviations: CVD: cardiovascular disease; DM: diabetes mellitus; HTN: hypertension; LVH: left ventricular hypertrophy; LVMI: left ventricular mass
index; RR: relative risk. 

Age Left ventricular LVH prevalence Follow-up
Study Patients n (y) mass index (%) (years) RR

Levy et al, 199038 Framingham 3220 56
≥143 g/m (M) 16 4 1.53
≥102 g/m (F) 21 1.55

Koren et al, 199139 HTN/CVD/DM 280 47 ≥125 g/m2 27 10 2.2

Muiesan et al, 199540 Hypertension 151 45
≥134 g/m2 (M)

44 10 3.6≥110 g/m2 (F)



with a preserved E/A ratio, but shortened deceleration
time due to abnormalities of both relaxation and com-
pliance; and (iii) restrictive pattern, with an increased
E/A ratio (>1.5–2) associated with a very abrupt decel-
eration time, suggestive of elevated atrial pressure,
and an abnormal pressure rise in a stiff LV. Pseudonor-
malization is best diagnosed by analyzing pulmonary
venous filling patterns and/or the Valsalva maneuver.

The PIUMA study showed an association between E/A
ratio changes and significant increases in cardiovas-
cular events in a cohort of 1839 middle-aged hyperten-
sives.48 Even more recent data come from a community
survey in 2042 subjects aged 45 years or older that
found diastolic dysfunction, evaluated by comprehen-
sive transmitral, outflow tract and pulmonary flow Dop-
pler examination, in 47% of hypertensives and 25.5%
of subjects with a normal ejection fraction (>50%). The
frequency of congestive heart failure increased dra-
matically with the severity of diastolic dysfunction.49

Diastolic dysfunction is thought to precede systolic dys-
function, although evidence to this effect from longi-
tudinal studies is lacking. Several studies using various
techniques have shown that diastolic LV performance
significantly influences exercise capacity in hyperten-
sive LVH. Diastolic dysfunction (combined with incip-
ient systolic dysfunction) is more prevalent in LVH,
suggesting that it represents an accelerated transition
phase from compensatory LVH to heart failure. Indeed,
heart failure is diastolic in one third of cases or more.
Although it may be associated with a lower mortality
rate than other forms of heart failure, morbidity is high.
Early recognition and appropriate therapy could help
to prevent progression to diastolic heart failure and
death. Although several studies have evaluated the ef-
fect of antihypertensive treatment on diastolic function,
the clinical implications remain to be established.46

LVH and failure are frequently associated with coronary
artery disease, and hypertension is a major risk factor
for coronary atherosclerosis. In ECG LVH, use of a “def-
inite LVH” pattern comprising ST-segment and T-wave
abnormalities was strongly associated with an increased
incidence of acute infarction and sudden death.3-6 The
association was weaker when LVH was defined by volt-
age criteria, suggesting that altered repolarization re-
flects reduced coronary perfusion.

LVH is associated with structural and functional changes
in arteries, both large50,51 and small.15,52,53 Structural
changes are particularly evident in concentric LVH.
The association between LVH and extracranial carotid
atherosclerosis might also explain the increased risk of

cerebrovascular events (stroke and transient ischemic
attacks) in ECG or echocardiographic LVH. LVH is thus
a risk factor for vascular events.

The vascular changes consistently observed in LVH are
largely responsible for the reduced coronary reserve.
Concomitant atherosclerosis in epicardial coronary
vessels53 and structural alterations and rarefaction of
small coronary vessels54 limit blood supply when oxy-
gen demand is increased by the greater tissue mass.
Compensatory angiogenesis is inadequate during the
development of adult LVH. Decreased subendocardial
coronary perfusion leads to myocyte necrosis and repar-
ative fibrosis, encouraging the progression to heart
failure. Other extravascular mechanisms compounding
the impairment of coronary reserve include changes
in wall tension, heart rate, and contractility, at a time
when the oxygen requirement, measured by the triple
product (heart rate � LV mass � end-systolic stress), is
progressively increased compared with patients with
normal LV mass and geometry.

The ability to regulate coronary flow is weakest during
exercise when oxygen demand increases. Under rest-
ing conditions, the reduction in coronary flow reserve
may not have important consequences, but during the
exercise-induced increase in oxygen requirement it
becomes symptomatic and a factor in progressive LV
dysfunction. Functional changes further weaken the
vasodilator response of the coronary microcirculation.
Endothelial dysfunction precedes morphological
changes in the vascular wall and triggers remodeling. 
In summary, LVH is a state of potential or actual myo-
cardial ischemia.

There is a predisposition to ventricular arrhythmias in
hypertensive LVH, explaining the risk of sudden death.
Proposed causes include repolarization abnormalities
(QT dispersion) due to the concomitant increase in fi-
brous tissue, changes in coronary structure and func-
tion, diuretic-induced hypokalemia, and autonomic
dysfunction (adrenergic hyperactivity and reduced car-
diac responsiveness to β-adrenergic stimulation). Im-
paired ventricular filling, left atrial enlargement, and
slowing of atrial conduction velocity all encourage atri-
al fibrillation, increasing the risk of cerebrovascular
thromboembolism.

Since hypertensive LVH is an independent risk factor
for cardiovascular morbidity and mortality, the possi-
bility of reversal or even prevention by lowering blood
pressure and modifying other pathogenetic factors is
a major goal in antihypertensive therapy.
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LVH REGRESSION ON 
ANTIHYPERTENSIVE TREATMENT

LV mass can be decreased by nonpharmacological in-
tervention, notably weight loss, which is effective in
obese hypertensives independently of blood pressure.
The multicenter Treatment Of Mild Hypertension Study
(TOMHS) monitored echocardiographic LV mass in
819 mild hypertensives annually for 4 years and found
that lifestyle intervention reduced blood pressure sig-
nificantly and decreased LV mass substantially in 30%
of patients.55 However, there is still no hard evidence
of an independent effect by dynamic exercise, dietary
sodium, or alcohol restriction.

Multiple studies have shown that blood pressure reduc-
tion reverses LVH. The important determinants are
treatment duration and the degree of blood pressure
reduction. The Study on Ambulatory Monitoring of
blood Pressure and Lisinopril Evaluation (SAMPLE)
showed that changes in LV mass on ACE inhibitor ther-
apy were significantly related not to changes in office
blood pressure, but to the degree of mean 24-hour
blood pressure control.56 Subsequent evidence has
also shown the importance of homogeneity, or mini-
mal daily fluctuation, in blood pressure control, as
expressed in the “smoothness index.”57

However, since blood pressure is not the sole determi-
nant of LVH and fibrosis, the differing response of LV
mass to different classes of antihypertensive drugs was
ascribed to interference in nonhemodynamic factors
such as the RAAS and sympathetic nervous system. Sev-
eral meta-analyses were therefore conducted of stud-

ies demonstrating reversal of echocardiographic LVH
using different antihypertensive drugs. Dahlöf et al58

calculated that for the same decrease in blood pressure
the decrease in LV mass was greatest with ACE inhib-
itors, a conclusion confirmed by Cruickshank et al.59

Three years later, however, in a comparative review of
diuretics, β-blockers, calcium channel blockers, and
ACE inhibitors, Fagard showed that each reduced LV
mass to a degree similar to that of the other three
classes combined, and that direct comparison could
not separate ACE inhibitors from calcium channel
blockers.60 Two more recent meta-analyses, by Jennings
and Wong61 and Klingbeil et al,62 confined to random-
ized, double-blind parallel group comparisons, have
confirmed that the main determinants of LVH regres-
sion are the degree of blood pressure reduction and
baseline LV mass. However, both studies also observed
that ACE inhibitors, angiotensin II receptor blockers,
and calcium channel blockers were more effective than
β-blockers and diuretics given the same decrease in
blood pressure.

Large randomized blinded studies (Table IV) compar-
ing two or more different antihypertensive drugs have
provided other data. The TOMHS results were the least
instructive, due to the low prevalence of LVH and the
efficacy of lifestyle intervention.58 The RAmipril Cardio-
protective Evaluation (RACE) study showed significant
LVH regression on the ACE inhibitor versus none on
atenolol, at comparable levels of blood pressure reduc-
tion.63 Unfortunately, high dropout rendered largely
inconclusive the comparison by the Department of
Veterans Affairs Cooperative Study Group of 1 year’s
monotherapy with six different antihypertensive agents
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Patients Treatment Drug
Study (n) duration (y) comparison

CATCH 182 1 Candesartan = enalapril

ELSA 174 4 Lacidipine = atenolol

ELVERA 166 2 Amlodipine = lisinopril

LIFE 960 4.5 Losartan > atenolol

LIVE 269 1 Indapamide > enalapril

PRESERVE 235 1 Nifedipine = enalapril

RACE 111 0.5 Ramipril > atenolol

REASON 124 1 Perindopril/indapamide > atenolol

REGAAL 183 1 Losartan > atenolol

SILVHIA 112 1 Irbesartan > atenolol

VA Cooperative Study 230 1 HCTZ, captopril > clonidine, diltiazem, 
prazosin, atenolol

Table IV. Studies com-
paring left ventricular 
hypertrophy (LVH) 
regression on different
antihypertensive drugs.  

Study acronyms:
see box on page 4. 



in 587 male hypertensives.64 Two other randomized
double-blind parallel studies employing centralized
echocardiographic LVH criteria compared the effect on
LV mass of an ACE inhibitor and a calcium antagonist
(PRESERVE [Prospective Randomized Enalapril Study
Evaluating Regression of Ventricular Enlargement]:
enalapril vs nifedipine65; ELVERA [Effects of amlodipine
and lisinopril on Left VEntriculaR mAss and diastolic
function (E/A ratio)]: lisinopril versus amlodipine).66

Both found similar benefits with both drugs, as did the
European Lacidipine Study on Atherosclerosis (ELSA)
study with the calcium antagonist lacidipine and the
β-blocker atenolol after treatment for 1 and 4 years.67

The results of the comparative LVH regression: Inda-
pamide Versus Enalapril (LIVE) study showed a reduc-
tion in LV mass on indapamide, suggesting that diu-
retics can also regress LVH.68 As for angiotensin II
antagonists, they have been found more effective than
the β-blocker atenolol,69-71 and similar to enalapril.72

The Losartan Intervention For Endpoint reduction in
hypertension (LIFE) trial versus atenolol in hypertensive
ECG LVH confirmed the superiority of angiotensin II
antagonists over β-blockers.73 Finally, a very recently
published study (REASON, PREterax in regression of
Arterial Stiffness in a contrOlled double-bliNd study)
found that the low-dose combination strategy, now
proposed in several cases by the ESH/ESC guidelines,
demonstrated superior LVH regression using perindo-
pril/indapamide versus atenolol.74

However, it should be kept in mind that interdrug dif-
ferences tend to fade with time, since treatment dura-
tion is associated with progressive blood pressure
control and decrease in LV mass, although β-blockers
seem to be less effective in reversing LVH than other
classes of drugs. In addition, blood pressure may be
resistant if there is target-organ damage requiring the
use of combination antihypertensive therapy. Several
major intervention trials comparing the effects of sin-
gle antihypertensive drugs
on LV mass have in fact
largely been comparisons
of combination therapies
in that most patients were
taking more than one drug.
Thus, over 50% of SAMPLE
patients received lisinopril
plus a diuretic,56 while
about 90% of LIFE patients
received a diuretic in addi-
tion to their β-blocker or
angiotensin II blocker.73

The RACE patients were also stratified by the addition
or nonaddition of a diuretic to their basal therapy: LV
mass was similarly reduced in each subgroup, with
ramipril proving superior to atenolol both alone and
in combination.63

There is increasing interest in the effect of antihyper-
tensive treatment on myocardial tissue composition,
with particular respect to perivascular and interstitial fi-
brous tissue. Thus, for similar decreases in blood pres-
sure after treatment for 6 months, Brilla et al showed
that lisinopril decreased myocardial collagen and hy-
droxyproline content, and improved some diastolic
function parameters, whereas hydrochlorothiazide had
none of these effects, and only reduced myocyte diam-
eter.75 Recent experimental and human evidence sug-
gests that angiotensin II antagonists may also regress
myocardial fibrosis.76

Long-term studies thus indicate that all classes of 
antihypertensive drugs can lower blood pressure and
regress LVH, with any initial interclass differences tend-
ing to fade with time. Differences in the reduction of
LV mass for similar decreases in blood pressure are
generally marginal, although there remains the possi-
bility that drug classes differ markedly in their effect
on cardiac structure and composition. 

CLINICAL AND PROGNOSTIC 
SIGNIFICANCE OF LVH REGRESSION

Since LVH is such an important independent risk fac-
tor in hypertension, there is no lack of consensus as to
the desirability of regression and prevention. Regres-
sion is associated with numerous benefits such as
enhanced systolic midwall performance, normalized
autonomic function, enhanced coronary reserve, and,
possibly, enhanced diastolic filling and decreased ven-
tricular arrhythmia. All contribute to the improved prog-
nosis (Table V) demonstrated in several studies over
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Presence of LVH Reversal of LVH

Systolic dysfunction (midwall depression) Unchanged (or improved at midwall)

Diastolic filling abnormalities Unchanged or improved

Autonomic dysfunction Autonomic near-normalization

Predisposition to ventricular arrhythmias Fewer arrhythmias

Reduced coronary reserve Improved coronary reserve

Associated vascular structural changes Improved

Table V. Pathophysiological and clinical consequences of left ventricular hypertrophy (LVH) regression.

➤

➤

➤

➤

➤

➤



the years using ECG measures. Normalization of ECG
LVH in 524 Framingham subjects over a mean 5-year
follow-up was associated with reduction in cardiovas-
cular risk. Regression of Sokolow LVH criteria in the
Heart Outcomes Prevention Evaluation (HOPE) study
was similarly associated with a reduction in cardiovas-
cular events; no change—or worsening—of this sim-
ple ECG index implied a less favorable outcome. The
large long-term LIFE study showed that the greater
regression of LVH with losartan was associated with
fewer cardiovascular events (Table VI).73,77,78

In addition, further observations in a smaller number
of patients using the more sensitive echocardiographic
technique have shown that patients who fail to achieve
LVH regression or who develop LVH during follow-up
are much more likely to suffer morbid events (Table VII).

We ourselves demonstrated this for the first time in 151
uncomplicated hypertensives followed for 10 years:
Cox survival analysis adjusted for conventional cardio-
vascular risk factors showed the persistence of LVH at
the end of follow-up as the most important independ-
ent predictor of cardiovascular events.40

Moreover, regression of LVH was associated with a
significantly lower cardiovascular risk not statistically
different from that observed in patients who never
developed LVH during follow-up. Verdecchia et al ob-
tained similar results in a larger group of 430 patients
over a shorter period (3.2 years).79 In 172 hypertensive
patients followed for 11.3 years, Koren et al observed
cardiovascular events in 29% with LVH at follow-up
versus in 9% of those without.80

In the echocardiographic substudy of the LIFE trial
that included 941 patients followed for over 4 years,
the better prognosis associated with the significant
decrease in LV mass from baseline to end of study was
due mainly to a decrease in the incidence of stroke.81

These cumulative findings highlight the prognostic
value of the LV mass response to treatment. Blood
pressure was not significantly associated with cardio-
vascular events in these studies, although it cannot
be excluded that the changes observed in the LV mass
index at least partially reflected blood pressure control.

Baseline LV geometry confers differing cardiovascular
risk in hypertension, concentric hypertrophy being the
least favorable. We recently evaluated the relationship
between prognosis and the response of LV geometry
to antihypertensive treatment in 436 uncomplicated
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Events (%) by LVH status

Reference Patients (n) Events (n) Persistence Regression None

Muiesan et al,40 1995 151 23 38 12.5 5

Verdecchia et al,79 1998 430 31 21 6.2 5.4

Koren et al,80 2002 172 34 19.8 8.8 9.6

Total 753 88 26.3 9.2 6.7

Table VI. Prognostic implications of baseline electrocardiographic features
and their serial changes in subjects with left ventricular hypertrophy (LVH).

Table VII. Prognostic
implications of baseline

electrocardiographic
features and their

serial changes in subjects
with left ventricular
hypertrophy (LVH).  

Levy et al,77 1994

• 524 patients; 52% males; mean follow-up: 5.1 years; 
ECG voltage and repolarization criteria for LVH; 
269 cardiovascular (CV) events 

• Greater 2-year age-adjusted incidence of CV events 
in patients with increased voltage and/or repolar-
ization criteria

Mathew et al,78 2001

• 8281 patients at high risk (HOPE, Heart Outcomes 
Prevention Evaluation) mean follow-up 5 years 
Sokolow criteria for LVH 

• 925 events (12.3%) in 7539 patients with LVH regres-
sion or prevention vs 117 (15.8%) in 742 patients
with LVH development/persistence

Devereux et al,81 2002

• 9193 hypertensives (LIFE, Losartan Intervention For 
Endpoint reduction in hypertension), mean follow
up 4.5 years, Sokolow and Cornell criteria for LVH 

• 13% CV events risk reduction in patients treated with
losartan (15.3 % mean decrease of ECG LVH) in 
respect to patients treated with atenolol (9 % de-
crease in ECG LVH)



hypertensives (M: n=249; F: n=187; age 18-71 years)
over 6.4 years.82 Persistence of LVH from baseline to
follow-up was confirmed as an independent predictor
of cardiovascular events. Cardiovascular morbidity and
mortality were significantly greater with concentric than
eccentric geometry, whether in the presence (P=0.04)
or absence of LVH (P=0.02) at follow-up. Cardiovascu-
lar events were significantly more frequent with per-
sistent concentric geometry (P<0.0001) for similar LV
mass at follow-up (Figure 1).82

Thus, an increase in echocardiographic LV mass in 
response to antihypertensive therapy, or a failure to 
decrease, confers a worse prognosis, while complete
regression significantly reduces—indeed virtually nor-
malizes—cardiovascular risk. In addition, the response
of LV geometry to treatment may also have prognostic
significance with and without LVH.

FUTURE GOALS 

Focuses of future concern will include the biochemistry
of the adaptive changes in energy metabolism and
contractile proteins, notably the role of transmitters
and transductional factors, as well as the timing of
these responses to blood pressure changes, neurohu-
moral activation, and the development of structural
alterations in other organs. 

Techniques such as tissue characterization and non-
invasive quantitative analysis of coronary flow will de-
scribe the respective contributions of perivascular and
intraventricular fibrosis and myocardial ischemia to
the mechanisms of LVH risk, and hopefully reveal ways
in which these advances can be translated into indi-
vidual patient benefit. However, we already know more
than enough to realize that a major goal in the man-
agement of hypertension is the detection, prevention,
and reversal of LVH.
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THREE KEY QUESTIONS

The story of left ventricular hypertrophy (LVH) in hy-
pertension is that of a good thing gone bad: hyper-
tension initially triggers a potentially beneficial
compensatory increase in left ventricular mass, but
this ultimately evolves to a problem, becoming a
disease in its own right, as well as a risk factor, en-
dangering the heart and the patient’s life. The turn-
ing point in the pathophysiology of LVH is fibrosis,
which, added to concentric hypertrophy, heralds
left ventricular dysfunction. Antonello Ganau and
Giuseppe Talanas take a close look at the patho-
genesis of LVH, and ask: “Do coronary circulation
abnormalities play an important role in the patho-
genesis of hypertensive LVH?” and establish a firm
link, even though the chicken-and-egg conundrum
remains entire: is LVH the cause or the consequence
of a defect in myocardial perfusion in hypertension?
In view of the pivotal role of tissue alterations in the
disease process, Javier Díez addresses the question:
“How important is it to assess and attempt to
control cardiac fibrosis in hypertension?” In do-
ing so he opens up exciting preventive and ther-
apeutic prospects. Bernhard M. W. Schmidt and
Roland E. Schmieder examine another important
question: “Hypertension and left ventricular hy-
pertrophy: how much attention should we pay to
the renin-angiotensin-aldosterone system?” This
question is of particular relevance in view of evi-
dence that drugs modulating the RAAS have bene-
ficial effects that are additive to, and independent
of, their blood-pressure–lowering effect. To con-
clude, by whichever means, LVH regression has
benefits and as such detection, prevention, and re-
versal of LVH are now major targets in the manage-
ment of hypertension.
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