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Left ventricular hypertrophy in hypertension is
an independent predictor for sudden death,
ventricular arrhythmias, myocardial ischaemia,
coronary heart disease, and heart failure. `-9
These relations have proved true whether the
hypertrophy is detected by electrocardiography
or by the much more sensitive technique of
echocardiography. It seems logical that
regression of left ventricular hypertrophy
would be beneficial, but, as yet, few clinical
data support this contention beyond a limited
experience from the Framingham study. Antihypertensive treatments might differ in their
ability to promote regression of left ventricular
hypertrophy independently of their blood
pressure lowering effect. There is a powerful
theoretical basis suggesting that inhibition of
angiotensin converting enzyme (ACE), with
consequent reduction in plasma and tissue
concentrations of angiotensin II, may be
superior in promoting regression of left
ventricular hypertrophy. Studies in animal
models of hypertension and meta-analyses of
trials of drug treatment in human hypertension
are not entirely concordant, but overall they
support a major role for ACE inhibitors in
reducing left ventricular hypertrophy.
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Left ventricular hypertrophy as risk
factor
The two widely used techniques for detecting
left ventricular hypertrophy are electrocardiography and echocardiography. Echocardiography is by far the more sensitive, detecting
hypertrophy in 14% and 18% of men and
women respectively in the subjects of the
Framingham heart study. By contrast,
electrocardiographic features of left ventricular
hypertrophy were present in only 2/9% of men
and 1-5% of women in this population.'0 Most
studies using echocardiographic criteria for left
ventricular hypertrophy apply the conventions
of the American Society of Echocardiography.
These define abnormally increased left
ventricular mass as the population mean plus
2 SD. Echocardiography has provided a noninvasive means of estimating left ventricular
mass with a close correlation to values at
necropsy.'114 In uncomplicated essential
hypertension left ventricular mass on echocardiography satisfied criteria for hypertrophy
(over 125 g/m2) in 27% of patients.'5 In the
same study cardiovascular events occurred in
a higher proportion of patients with left
ventricular hypertrophy than in those without
(26% v 12%, P < 0-0 1). Cardiovascular death
was 28 times more common in the group with
left ventricular hypertrophy (14% v 0-5%,
P < 0 00 1), all cause mortality being eight

times more common ( /6% v 2%, P < 0.01).
Patients with normal left ventricular geometry
suffered no cardiac death and only 1 1%
suffered a morbid event in contrast with those
with concentric hypertrophy, who had a
mortality of 21% and a morbidity of 31%. In
a larger population of more than 3000 people
over 40 who were free of overt clinical
cardiovascular disease and were followed up
for four years, 208 cardiovascular end organ
events occurred, including 37 cardiovascular
deaths and 124 deaths from all causes.9 The
relative risk of cardiovascular death was
significantly increased for every 50 g- increment in left ventricular mass (relative risk 1-73
for men and 2-12 for women). For all causes
of death the corresponding relative risks were
1-49 in men and 2-01 in women. In a
multivariate analysis the adverse prognostic
significance of increased left ventricular mass
was independent of age, diastolic blood
pressure, pulse pressure, antihypertensive
treatment, smoking, presence or absence of
diabetes, presence or absence of obesity, lipid
profile, and electrocardiographic evidence of
left ventricular hypertrophy.
Recent studies using electrocardiographic
criteria for detecting left ventricular hypertrophy confirm earlier indications that electrocardiographic hypertrophy is an independent
indicator of both cardiovascular and all cause
mortality. In a population of nearly 5000
patients undergoing coronary angiography
over 13 years electrocardiographic evidence of
left ventricular hypertrophy was present in
5.2%. 16 Five year survival in this group was
significantly less than in those without left
ventricular hypertrophy (81 9% v 90-2%,
P < 0 001). This effect of hypertrophy was
independent of coronary artery disease in that
even in the presence of normal coronary
angiograms, electrocardiographic left ventricular hypertrophy was associated with a
reduced five year survival (81 0% v 87.7%,
P < 0 0 1). Dunn et al analysed data from the
Glasgow blood pressure clinic from nearly
4000 patients over a mean follow up period of
more than six years and found that left
ventricular hypertrophy was present by
electrocardiographic criteria in 34.5% of men
and 21 5% of women.'7 All cause mortality in
this population was 27-6 per 1000 patient
years for men with a normal electrocardiogram
compared with 43-2 per 1000 patient years in
those with left ventricular hypertrophy seen
electrocardiographically. In addition, those
who also had "strain" in addition to other
criteria for left ventricular hypertrophy on
electrocardiography had a further increase in
mortality to 56-9 per 1000 patient years. This
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Mechanisms underlying left ventricular
hypertrophy
Cardiac myocytes hypertrophy in response to
increased wall stress (tension), as occurs in
hypertension. This hypertrophy of individual
cells in turn results in left ventricular wall
hypertrophy, which tends to reduce unit wall
tension as predicted by the La Place equation
(T = p X r/2L, where T = ventricular wall
tension, P = left ventricular pressure, r = ventricular radius, and L = ventricular wall
thickness). Increased tension is a direct
stimulus to myocyte hypertrophy both in
isolated tissue preparations20 and in intact
hearts.2' These effects of tension on myocytes
may be mediated by mechanotransducer ion
channels, possibly by modifying intracellular
pH or the concentration of intracellular
messengers such as cyclic AMP, which in turn
increase messenger RNA and protein
production. Myocardial stretch may also
increase messenger RNA directly by
deforming the nucleus.22 Other evidence
suggests, however, that additional neurohumoral factors modify the hypertrophic
response to tension. Cardiac structure is
influenced not only by haemodynamic load
but also by diverse neurohumoral factors,

including the renin-angiotensin system, ot and
L adrenergic stimulation, and thyroxine.
Different forms of antihypertensive treatment
may therefore differ in their ability to promote
regression of left ventricular hypertrophy,
depending on their effects on neurohumoral
factors in addition to their ability to lower
blood pressure.
Angiotensin II and cardiac hypertrophy
Angiotensin II may contribute to left
ventricular hypertrophy through a range of
different mechanisms. Firstly, it may make a
significant contribution to total peripheral
vascular resistance and hence to ventricular
afterload in many forms of hypertension.
Secondly, angiotensin II may indirectly
stimulate myocyte hypertrophy by interacting
with the sympathetic nervous system to
augment sympathetic tone.22 Thirdly,
angiotensin II has a direct trophic effect on
mammalian myocytes, both as a circulating
hormone and probably also through a local
cardiac renin-angiotensin system.23 Fourthly,
angiotensin II can stimulate fibroblast
proliferation24 25 and hence the formation of
collagen. Angiotensin II stimulates DNA and
RNA turnover in isolated myocytes,26 and
protein synthesis is augmented within hours of
exposure to angiotensin II.21-28 These effects
seem to be modulated by protein kinase C,
cytosolic calcium, and activation of growth
modulating proto-oncogenes.23 29 30
The relative importance of haemodynamic
load as opposed to the renin-angiotensin
system and other trophic hormones in the
development of left ventricular hypertrophy
has not been defined. The prevalence of left
ventricular hypertrophy is high in essential
hypertension in humans. The relation between
blood pressure and indices of left ventricular
mass are often statistically weak, but there
seems little doubt that cardiac afterload in
itself is a major determinant of left ventricular
mass. This contention is supported by the fact
that mean 24 hour blood pressure values from
continuous ambulatory measurements relate
more closely to left ventricular hypertrophy
than do casual clinic blood pressure
measurements. Furthermore, integrated blood
pressures over 30 years were more clearly
related to left ventricular mass geometry than
were contemporary blood pressures in the
Framingham heart study.3' With acquisition of
full data over a long time to give an integrated
measure of blood pressure and thus cardiac
afterload, the relation with left ventricular
mass will become more clear.
Nevertheless, other factors must be codeterminants. Positive statistical associations,
which may or may not reflect cause and effect,
have been noted between left ventricular mass
and numerous indices, including dietary intake
of sodium,32 33 body weight34 35 or body
build,36 blood viscosity,37 plasma catecholamine concentrations,38 and increasing
age.39 In essential hypertension the degree of
activation of the circulating renin-angiotensin
system has been positively related, albeit rather
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association of electrocardiographic left ventricular hypertrophy with increased mortality
was independent of age, blood pressure, and
smoking.
The mechanism linking left ventricular
hypertrophy with increased morbidity and
mortality is uncertain. Possibilities include a
mismatch of blood supply to tissue mass,
leading to comparatively ischaemic subendocardial tissue. Basal myocardial oxygen
demand may be increased because of
increased wall mass and some increase in wall
stress. There may be increased susceptibility
to ventricular arrhythmia, which may be
related to an increased component of fibrous
tissue within the myocardium. Coronary
reserve is reduced, leading to a lowered
threshold for induction of ischaemia in the
presence of stressors such as exercise and short
term falls or rises in blood pressure.
Thus, left ventricular hypertrophy is an
undeniably undesirable feature in hypertension, and it seems logical that regression of
hypertrophy might improve prognosis.
However, clinical data to support this
contention are sparse. Only one study has
provided prospective evidence of the benefits
of regression of left ventricular hypertrophy.
Data from the Framingham study showed a
fall of 25% in cardiovascular mortality in a
subgroup with reduction in electrocardiographic left ventricular hypertrophy compared
with a similar group without such regression
during follow up of over four years.'8
Furthermore, in 166 patients with hypertension followed up for five years cardiovascular events occurred in only 6% of those
whose left ventricular mass decreased or was
unchanged compared with 16% with
increased left ventricular hypertrophy.'9
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polymorphism seems to act as an independent
risk factor. This polymorphism is related to
enhanced plasma activity of ACE.
Presumably, this may correlate with increased
plasma or tissue concentrations of angiotensin
II, although this latter point remains
uncertain. Hence, in vitro, in vivo, and clinical
data link the renin-angiotension system with
left ventricular hypertrophy and increased
cardiovascular morbidity. This raises the
question whether ACE inhibition may be
especially effective in promoting regression of
left ventricular hypertrophy and improving
cardiovascular prognosis.
Animal studies
Lowering blood pressure by ACE inhibition in
spontaneously hypertensive rats (and other

animal models of hypertension) results in
regression of left ventricular hypertrophy.53 54
Several workers have attempted to determine
whether this is purely a pressure dependent
phenomenon or whether ACE inhibitors have
additional effects related to reduction in
angiotensin II concentrations or to changes in
other humoral agents.
Dostal and Baker infused angiotensin II into
normotensive Sprague-Dawley rats for
between 7 and 14 days.55 Left ventricular mass
increased substantially. The specific angiotensin I receptor blocker losartan prevented
this increase in left ventricular hypertrophy.
When blood pressure was maintained in the
normal range by concurrent administration of
hydralazine with the angiotensin II, this did
not prevent the induction of hypertrophy. In
addition, in the first seven days of angiotensin
II infusions many animals showed no rise in
blood pressure and yet the left ventricle
became hypertrophied. Infusion of angiotensin
II during ACE inhibition (with perindopril) in
spontaneously hypertensive rats not only
prevented the antihypertensive effect of the
ACE inhibitor but also resulted in the
development of greater heart weights than in
animals not receiving an ACE inhibitor.56
Whereas captopril and dihydralazine were
equally effective in preventing a rise in blood
pressure in spontaneously hypertensive rats,
only the former limited cardiac hypertrophy.57
ACE inhibition in two kidney, one clip
renovascular hypertension prevented the development of left ventricular hypertrophy58
and can lead to regression of established left
ventricular hypertrophy,59-62 whereas alternative antihypertensive agents failed to do so63;
minoxidil may actually induce ventricular
hypertrophy in the renovascular model.6' The
ACE inhibitor quinapril prevented left ventricular hypertrophy associated with intermittent hindquarter compression in dogs.
Minoxidil failed to do so, despite its ability to
lower blood pressure.64 These data suggest
that angiotensin promotes left ventricular
hypertrophy by mechanisms independent of
its effects on blood pressure.
In contrast with these findings, Mooser et al
studied relations between cardiac and renal
hypertrophy and the circulating renin-angiotensin system in a low renin model of hypertension (desoxycorticosterone acetate-salt)
and in the renin dependent two kidney, one
clip model.65 Although the two models showed
the expected difference in circulating reninangiotensin activity, the degree of left
ventricular hypertrophy was similar in both
hypertensive models, despite a trend to somewhat greater hypertension in the high renin
model. Hence, left ventricular hypertrophy is
related to increased ventricular load rather
than to any independent effect of plasmaborne angiotensin II. Linz et al compared
converting enzyme blockade with ramipril
and angiotensin II receptor blockade with
DUP 753 in an aortic banding model of
hypertension in the rat.66 They found that the
ACE inhibitor could prevent cardiac hypertrophy without much effect on blood pressure,
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weakly, to left ventricular hypertrophy.40-42
However, other reports are contradictory. For
example, Russell et al reported that electrocardiographic left ventricular hypertrophy was
less common in high renin than in normal
renin essential hypertension.43 Hammond et al
found that in patients with sustained hypertension low rather than high plasma renin
activities were associated with left ventricular
hypertrophy on echocardiography.44 Suzuki
et al found that left ventricular mass and
relative wall thickness were similar in patients
with unilateral renovascular (high renin)
hypertension and in patients matched for age,
sex, and blood pressure who had primary (low
renin activity) aldosteronism.45 The treatment
of primary aldosteronism results in regression
of left ventricular hypertrophy despite rising
concentrations of renin and angiotensin 11.46
Hence, activation of the circulating reninangiotensin system is not an essential factor for
expression of left ventricular hypertrophy in
hypertension.
The role of the cardiac tissue reninangiotensin system in patients with left
ventricular hypertrophy is unknown.
Alderman et al found that in patients with
hypertension, renin profiles (obtained by
plotting plasma renin activity against urinary
excretion of sodium) were independently
associated with subsequent risk of myocardial
infarction.47 Other workers found no such
association between plasma renin activity and
myocardial infarction in normotensive men.48
This raises the question of whether the association of activation of the renin-angiotensin
system and coronary events in essential
hypertension is mediated by promotion of left
ventricular hypertrophy.
A further link between the reninangiotensin-aldosterone system and cardiovascular risk has appeared in recent studies
indicating that a particular deletion polymorphism in the angiotensin converting
enzyme gene is associated with the risk of
myocardial infarction, ischaemic cardiomyopathy, congestive cardiomyopathy, and
hypertrophic cardiomyopathy.49-52 The association was particularly strong in patients with
hypertrophic cardiomyopathy with a strong
family history of sudden death.52 The DD
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Studies in human hypertension
The findings of the review by Liebson72 and
the meta-analyses by Cruickshank et al73 and
Dahlof et al74 7 are essentially consistent in
suggesting that ACE inhibition causes a
greater regression of left ventricular hypertrophy for a given fall in blood pressure than
do other simple drug treatments; ACE
inhibition may be as effective in this regard as
combination treatments. However, all the
authors appropriately point out several
weaknesses in the database from which these
possible conclusions are derived.

The available analyses must be interpreted
with four points in mind.
(1) Most studies of drug reversal of left
ventricular hypertrophy in hypertension are
uncontrolled.
(2) The number of patients in each study is
generally small.
(3) In most studies the mean degree of left
ventricular hypertrophy present is not great,
and results may thus be distorted by inclusion
of large numbers of patients who will not show
regression of left ventricular hypertrophy
simply because the condition is not present.
(4) It is possible that there are many studies
with negative results that have not been

published.
Liebson reviewed over 60 clinical studies
using echocardiographic measurement of left
ventricular mass. On average, only 10-15
subjects were included in each study. He
pointed out the lack of studies in patients with
clearly established disease-that is, clearcut
moderate or severe left ventricular hypertrophy with complications such as coronary
disease-and highlighted the need for a study
which followed up a substantial number of
people over a long treatment period. Ninety
per cent of studies had a follow up period of
less than one year. The longest running study
with the largest number followed up in a single
study (68 patients followed up for five years)
was published by Schlant et al in 1982.76
At the time of Liebson's review in 1990 only
three of 66 studies available for analysis
included a placebo group. Only three studies
used ACE inhibition as the primary treatment,
and this included only 35 patients. Notwithstanding these clear limitations, ACE
inhibitors and calcium channel antagonists
more reliably induced reduction of left
ventricular mass than 1 blockade (where it
occurred in 50%), diuretics (much less than
50%), or peripheral vasodilators (less than
50°/). This review also reported that there was
no evidence of a loss of left ventricular
contractile systolic function with regression of
left ventricular hypertrophy. Nearly all the
patients recruited into these studies had no
underlying significant heart disease other than
possible mild to moderate left ventricular
hypertrophy. Clearly, it is important to
determine whether regression of left ventricular hypertrophy produced major mechanical disadvantages in patients who have
already sustained major cardiac ischaemic
events or have other associated cardiac lesions
beyond the hypertrophy.
The first reports indicating regression of left
ventricular hypertrophy in hypertension
treated with ACE inhibitors appeared in the
early 1980s. Typically they included a small
number of patients followed up for fairly brief
periods of time without a control group for
comparison. For example, Fouad et al
followed up 10 patients treated with enalapril
over 3-7 months using both radionuclide and
echocardiographic measurements of left
ventricular mass and function; six out of seven
patients showed regression of left ventricular
hypertrophy, and left ventricular function
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while the angiotensin II receptor blocker did
reduce blood pressure but was less effective in
reducing cardiac hypertrophy. Further studies
by this group indicated that ramipril was able
to prevent left ventricular hypertrophy and
myocardial fibrosis without blood pressure
reduction over a one year period in rats.67 Both
antihypertensive and non-antihypertensive
doses were similarly effective in preventing
cardiac hypertrophy and myocardial fibrosis.
In rats with the volume expanded model of
hypertension (desoxycorticosterone acetatesalt) ACE inhibition failed to reduce blood
pressure or reverse left ventricular hypertrophy.68 By contrast, in rats rendered hypertensive by renal ablation and high salt intake
perindopril prevented the usual increase in left
ventricular weight, though circulating renin and
angiotensin II values are low in this model, and
did not attenuate the rise in arterial pressure.69
These studies suggest that a humoral effect
independent of both reductions in blood
pressure and suppression of angiotensin II may
be responsible for at least part of the ability of
converting enzyme inhibitors to induce
regression of left ventricular hypertrophy.
Quinapril, an ACE inhibitor with high tissue
penetrance, did not prevent increases in left
ventricular mass in rats with supravalvar aortic
stenosis when given immediately after
surgery.70 It did induce an 80% regression of
established hypertrophy of the left ventricle
when given six weeks after the operation. In
contrast, Zierhut et al observed no effects of
ramipril on the development of left ventricular
hypertrophy (or cellular hypertrophy) in rats
with stenosis of the aortic arch.7'
Thus animal data provide mixed messages.
Angiotensin II may be able to induce left
ventricular hypertrophy independent of its
pressor effects, although data from different
groups are conflicting.55 65 67 71 ACE inhibition
can clearly prevent left ventricular hypertrophy
or induce regression of left ventricular
hypertrophy in hypertensive rats, and this
effect may be at least partially independent of
reductions in blood pressure and involve
additional humoral mechanisms-for example,
bradykinin-beyond simple reduction in
angiotensin II concentrations. Clearly, further
careful controlled experiments in a range of
species with left ventricular hypertrophy of
varied aetiology are needed to clarify further
the role of ACE inhibition in regression of left
ventricular hypertrophy.
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people studied did not satisfy criteria for left
ventricular hypertrophy. The question remains
whether regression of pronounced established
left ventricular hypertrophy with or without
complicating coronary or other cardiac disease
renders ventricles vulnerable to dysfunction in
the advent of short term changes in blood
pressure.
Schneeweiss et al have published one of the
few blinded comparative studies of a
substantial number of patients.90 Thirty
patients with hypertension were treated with
either cilazapril or hydrochlorothiazide for 10
weeks. Within this time the ACE inhibitor
induced some regression of left ventricular
hypertrophy but the thiazide agent did not,
despite similar effects on blood pressure.
In one of the few studies that specifically
examined patients with clearly established left
ventricular hypertrophy 34 patients, all with
poorly controlled blood pressure despite
treatment with a 1 blocker and diuretic, had
either captopril or minoxidil randomly added
to their treatment.9' Mean interventricular
septal thickness was 17-4 mm and 15-5 mm
for the captopril and minoxidil groups respectively. Posterior wall thickness was 14-5 mm
and 14 1 mm respectively. Left ventricular
mass index was 236 g/m2 and 212 g/m2 for the
two groups. Thus severe left ventricular
hypertrophy was present. Baseline blood
pressures were similar in the two groups. Left
ventricular wall thickness and mass index
clearly declined in the group treated with
captopril, whereas the opposite occurred in
those receiving minoxidil despite similar
reductions in blood pressure. These data
contrast the effect of an ACE inhibitor against
minoxidil when both were combined with two
other antihypertensive agents. Nevertheless,
the differences in response are quite striking.
At least one study suggests that the ability of
ACE inhibitors to induce regression of left
ventricular hypertrophy is independent of
cardiac innervation. Angermann et al reported
regression of left ventricular hypertrophy on
echocardiography in 10 patients with hypertension after cardiac transplantation.92
Treatment over one year with enalapril and
frusemide with or without verapamil reduced
blood pressure substantially and significantly
reduced left ventricular mass.
With the shortcomings of previous studies in
mind, Dahlof and Hansson compared
enalapril and hydrochlorothiazide in a double
blind study of treatment with hypertension in
male patients who were previously untreated.93
This was a double blind comparative trial
without a placebo group. Twenty eight
patients were included. Treatment was maintained for 14-18 months. Similar reductions
in blood pressure occurred with both drugs.
Left ventricular mass fell progressively and
significantly after 18 months of treatment with
enalapril. In comparison, reductions in left
ventricular mass with hydrochlorothiazide
were not significant. Neither drug had an
adverse effect on systolic left ventricular
function. Enalapril significantly reduced posterior left ventricular wall thickness, inter-
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remained excellent.77 Dunn et al followed up
eight patients treated with enalapril for only 12
weeks and found a significant reduction in left
ventricular mass index and no impairment of
left ventricular contractility.78 Nakashima et al
studied seven patients receiving enalapril and
undergoing echocardiography and radionuclide studies at baseline, at 5 days, and after
one, three, and seven months of treatment.79
Left ventricular mas was reduced significantly
at three and seven months by 1 0% and 12%
respectively. At the time these three small
studies and several others were published in
the early 1 980s only methyldopa and a
blocking drugs had been reported as inducing
regression of left ventricular hypertrophy when
used as a single treatment in hypertension.80-83
Previously, when combination treatment had
been seen to induce regression of left
ventricular hypertrophy, the combination
almost always included a sympatholytic agent
or a a blocker.84-86
Few data are available comparing the effects
of different ACE inhibitors. Garavaglia et al
studied 30 patients with mild to moderate
hypertension receiving captopril, lisinopril, or
enalapril for 10-12 weeks.87 Left ventricular
mass was reduced in all three groups but rather
more with enalapril (29%) than with either of
the two other agents (1 4% and 12% respectively). But the number of subjects in each
group was small (8-12) and baseline values for
left ventricular mass were greatest in the
enalapril group. Grandi et al found that
captopril and perindopril had similar effects on
both blood pressure and left ventricular mass.88
Hence, as yet, there are no unequivocal data
indicating that any particular ACE inhibitor or
class of ACE inhibitors is superior to another
in terms of the ability to induce regression of
left ventricular hypertrophy.
Although numerous studies indicate that
regression of left ventricular hypertrophy does
not lead to any impairment in left ventricular
systolic contractile function during treatment,77-79 most studies do not address the
question of whether the "regressed" ventricle
is more prone to dysfunction with the
challenge of acute increments in blood
pressure without the mechanical advantage of
hypertrophy, which reduces unit wall stress.
One of the few studies to address this point
was conducted by Schmieder et al, who
performed an open study in 14 subjects
receiving 1 blockade (five), calcium antagonists (two), or converting enzyme inhibitors
(four).89 A further three received a combination of 13 blocker and diuretic. Left
ventricular mass was significantly reduced
from 274 (24) g to 239 (18) g over an average
of 19 months of treatment. After this period of
treatment drugs were removed for four weeks,
during which blood pressure returned to
pretreatment values. Echocardiography indicated that the ventricles performed normally
despite the loss of left ventricular mass. As in
many other studies, patients in this study had
minimal baseline increases in mean posterior
wall thickness or interventricular septal
thickness, indicating that probably half the
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the change in blood pressure (irrespective of
the form of drug treatment) and the duration
of treatment were related to the change in left
ventricular mass.
When we wrote this review, the number of
studies fulfilling* criteria for inclusion in the
meta-analysis and the total number of patients
included in trials of treatment with ACE
inhibition had risen (compared with the 1990
review by Leibson72) to 23 studies including
321 patients receiving either captopril or
enalapril. However, in the total patient pool of
2107 patients only 76 were in placebo groups.
The mean duration of treatment with ACE
inhibitors was 7 0 months, the maximum
being 12 months. The mean reduction in
mean arterial pressure with ACE inhibition
was 22 mm Hg, which was greater than any
other single group other than combination
drug treatment, although this distinction was
not significant. Left ventricular mass index
analysed for all active treatment fell significantly. This was not true for the placebo
group, but the numbers taking placebo were
small, reducing the statistical power of this
subanalysis.
There were significant differences between
active drug classes in change in left ventricular
dimensions and mass. When the effects of the
fall in blood pressure and duration of treatment were taken into account, the distinctions
between drugs in terms of change in left
ventricular wall thickness were lost, but an
effect on change in left ventricular mass index
was preserved. By multivariate analysis the
change in left ventricular mass index differed
between drugs, this distinction being independent of the degree of left ventricular
hypertrophy, the degree of blood pressure
reduction, and time receiving treatment. ACE
inhibitors reduced left ventricular mass more
than vasodilators or dihydropyridine calcium
antagonists or 1 blockers. The effect of ACE
inhibitors was comparable with that of
methyldopa. Among drug groups, the relation
between change in blood pressure and change
in left ventricular mass was most pronounced
for j blockers. The duration of studies using
calcium antagonists tended to be short (4-1
months on average), thus possibly disadvantaging calcium antagonists in analysis, but
when similarly brief ACE inhibitor studies
were compared with calcium antagonist
studies a superior effect of ACE inhibition in
left ventricular mass reduction was still
observed.
Currently, the recent meta-analysis by
Dahlof et al represents the current state of
knowledge on the relative strength of
antihypertensive drugs in regression of left
ventricular hypertrophy.74 7 This metaanalysis considers studies published from 1977
up to the end of 1990, which gave data
concerning reversal of left ventricular
hypertrophy assessed by echocardiography.
Studies were included in the analysis if all
recruited patients had essential (as opposed to
secondary or malignant) hypertension; if
patients were treated with drugs (rather than
given non-pharmacological treatment); if
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ventricular septal thickness, and left
ventricular mass. The authors concluded that
an ACE inhibitor is significantly more effective
than a diuretic in reducing left ventricular
mass. Before this study trials of ACE inhibition were confined to open studies usually in
previously treated patients. Despite its
strengths, the study by Dahlof and Hansson
still includes only 28 patients, or 14 in each
study group, and once again mean baseline
values for ventricular dimensions and mass
suggest that much of the study group did not
have left ventricular hypertrophy. There is
clearly still a major need for a carefully
conducted double blind comparative study (a
true placebo group is ethically prohibited)
with follow up of at least one year of patients
with well established left ventricular hypertrophy at baseline. Similarly, studies of those
with hypertensive left ventricular hypertrophy
and other established cardiac disease are also
required.
Not all clinical trials examining the effect of
ACE inhibitors in hypertension with left
ventricular hypertrophy have positive results.
In view of the described frailties of the
database and the probability that studies with
negative results are not as readily published as
those with positive results, these contrary
findings cannot be ignored. Shahi et al studied
20 previously untreated hypertensive patients
receiving captopril with or without a diuretic
for six months and found reduced blood
pressure (15/20) without change in left ventricular hypertrophy.94 However, mean baseline left ventricular dimensions were not
obviously hypertrophic, although indices of
diastolic function (criteria for selection to the
study) were uniformly abnormal. Recently,
Laufer et al found no change in left ventricular
hypertrophy, despite sustained falls in blood
pressures, in patients treated with either
captopril or atenolol for 12 months (1 5th
scientific meeting of the High Blood Pressure
Research Council of Australia, Melbourne,
December 1993).
The conclusions of meta-analyses by
Cruickshank et al 73 and Dahlof et al 74 75 must
be considered in light of the limitations of the
database as already described. Cruickshank et al
analysed data from 104 published studies.73
Of these, only eight were randomised and
placebo controlled. Twenty two were randomised and were comparisons of active treatments, and most (74) were uncontrolled
studies. The analysis used all data and
compared results in each treatment subgroup
with its own baseline data, yielding a total of
147 sets of data for comparisons over time.
Interestingly, the authors found that change in
heart rate and the degree of left ventricular
hypertrophy at baseline was not significantly
associated with outcome, and these cofactors
were dropped from analyses. A clear possible
flaw in this form of analysis resides in the fact
that if the vast majority of study participants
did not have true left ventricular hypertrophy,
the full predictive effect of baseline left
ventricular hypertrophy may be "diluted" and
become statistically inapparent. On average,
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variate analysis was applied to compensate for
differences between studies in mean baseline
indices of cardiac structure and in duration of
follow up, the adjusted percentage change in
left ventricular mass showed clear overlap in
confidence intervals between ACE inhibitors,
a blockers, calcium antagonists, and diuretics
(figure). Thus, although this meta-analysis
provides strong suggestive evidence, based on
trends, of an enhanced effect of ACE
inhibition on regression of left ventricular
hypertrophy, the data are by no means
conclusive. The authors' cautious interpretation, "We hypothesize that ACE inhibitors are
more effective than other first-line therapies in
reducing [left ventricular] mass. However, this
theory and its possible prognostic implications
need to be evaluated in controlled prospective

trials,"

seems appropriate.

Conclusions
In hypertension ACE inhibitors have theoretical advantages in terms of their neutral or
benign effect on glucose and lipid metabolism;
the possible protective effects against recurrent
myocardial infarction in patients who have had
an infarction; their possible special efficacy in
preserving renal function in diabetes; and their
safety and value when other conditions, such
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patients underwent standardised echocardiography; if patients were all accounted for
(studies with a fall out rate > 30% were
excluded); and if the data had been published
in "reputable" journals with peer review or
"similar editorial processes." The analysis
included 14 studies of ACE inhibitors with an
average study group size of 11 2-that is, a
total of 157 patients. Thus it is more selective
than that by Cruickshank et al published in the
same year, which included a slightly smaller
number of studies (104 v 109) but a greater
number of patients receiving ACE inhibitors
(321 v 157).73 Overall, 2357 patients were
included in analysis. Twenty eight per cent of
these were previously untreated. Studies with
ACE inhibition included only 1 1% previously
untreated patients. Diuretic studies included
55%, calcium antagonists 22%, and P3 blockers
20%. This disparity would tend to bias the
study against indicating a superior effect for
ACE inhibitors rather than otherwise (see
below).
Overall, active treatment of any kind
reduced left ventricular mass by 1 1 .9% (95%
confidence interval 10 1% to 13 7%), together
with a fall in mean arterial pressure of 14f9%
(14-0% to 15-8%). ACE inhibitors reduced
left ventricular mass by 15 % (9 9% to 20.1/%),
P blockers by 8% (4/8% to 11 2%), calcium
antagonists by 8-5% (5.1% to 11.8%)/, and
diuretics by 11.3% (5.6% to 17.0%). Mean
fall in left ventricular mass was 44.7 g with
ACE inhibitors, 22-8 g with I blockers, 26-9
g with calcium antagonists, and 21L4 g with
diuretics. All agents other than diuretics
reduced left ventricular wall thickness while
diuretics predominantly reduced ventricular
diameter.
Only three studies in the meta-analysis were
randomised, double blind, and exclusively
studied previously untreated patients. Examination of data solely from previously
untreated patients indicated greater average
effects than in previously treated patients. Left
ventricular mass was reduced by 15-2%
(11-3% to 18.8%) and mean arterial pressure
by 17.2% (15.6% to 18-8%). In previously
untreated patients mean reduction in left
ventricular mass associated with ACE
inhibition was 16.9% (11/6% to 22.2%). This
mean value was greater than that observed in
any other subgroup, with the exception of the
patients included under "all other monotherapies." The latter presumably included
those treated with lesser used drugs and nonpharmacological treatments. This subgroup
included some 300 patients who achieved a
mean percentage reduction in left ventricular
mass of 17% (9/2% to 23-8%). The subgroup
included under "all combination therapies"
also performed similarly to that under ACE
inhibitors, with a reduction in left ventricular
mass of 16-4% (12-6% to 20/2%). The mean
percentage reduction in mean arterial pressure
was greater for ACE inhibition than any other
subgroup (16.3% (3/6%)). These distinctions
between ACE inhibitors and other active
treatments were not, however, significant in
this meta-analysis. Furthermore, when co-
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