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Studies in animals and humans have shown that giving
angiotensin converting enzyme inhibitors after myocardial
infarction reduces left ventricular remodelling,'3 and this
effect has been linked to benefits in clinical outcome. The
recently published results of three large randomised, double
blind, placebo controlled trials focus on the effects of
angiotensin converting enzyme inhibitors on mortality and
morbidity caused by ventricular remodelling after myocardial
infarction.

Ventricular remodelling comprises infarct expansion and
global ventricular dilatation. Infarct expansion, or thinning
and lengthening of the infarcted myocardium, is seen within
hours after myocardial necrosis and is usually complete within
three weeks after infarction. Global ventricular dilatation,
which results from a progressive increase in myocyte length
with sarcomere recruitment and resulting hypertrophy of the
non-infarcted myocardium,4 continues for a long time. Infarct
expansion may result in cardiac rupture, aneurysm, and
thrombus formation. Global ventricular dilatation results in
progressive increase in the volume of the ventricular cavity,
which is a powerful predictor of mortality after myocardial
infarction and a recognised precursor of symptomatic heart
failure.

In the SAVE (survival and ventricular enlargement)5
and the SOLVD (studies of left ventricular dysfunction)6
prevention trials an angiotensin converting enzyme inhibitor
was given to patients with asymptomatic left ventricular
dysfunction with the aim of reducing mortality and the
incidence of heart failure. The SAVE trial enrolled 2231
patients who had suffered myocardial infarction, had ejection
fractions equal to or less than 40%, and had no symptoms of
heart failure. The mean time after myocardial infarction to
treatment was 11 days. The SOLVD prevention study
included 4220 patients, nearly 80% of whom had history of
myocardial infarction, with ejection fractions equal to or less
than 35%. Entry into this trial (as opposed to the SOLVD
treatment trial) required that the patient had no symptoms
and was taking no treatment for heart failure. These patients
were randomly assigned to placebo or captopril (SAVE) or
enalapril (SOLVD prevention). The mean follow up was
42 and 37-4 months respectively.

In the CONSENSUS II (cooperative north Scandinavian
enalapril survival study II)7 an angiotensin converting enzyme
inhibitor was given within 24 hours of myocardial infarction
in addition to standard treatment and irrespective of baseline
ventricular function (though patients with clinical evidence of

heart failure at the time of entry into the study were
excluded). This trial had the potential for identifying a
distinct effect of angiotensin converting enzyme inhibitors on
the early, infarct expansion, phase of remodelling. It enrolled
6090 patients and assigned them to enalapril or placebo. The
mean time to treatment was 15 hours. Interim analysis
showed no reduction in mortality and an increased incidence
of hypotension in the enalapril group, so the trial was
discontinued. The follow up varied from 41 to 180 days, and
because the trial was stopped only 48% of the patients were
followed up for six months.

In the SAVE study all cause and cardiovascular mortality
were significantly reduced in the captopril group, by 19% and
21% respectively. A reduction in the incidence of progressive
heart failure was primarily responsible for the reduced
mortality. In the SOLVD prevention trial trends toward
reduction in all cause and cardiovascular mortality in the
enalapril group did not reach statistical significance. In
CONSENSUS II there was no significant reduction in all
cause and cardiovascular mortality with treatment. The lack
of survival benefit was consistent in all predefined subgroups
(anterior myocardial infarction, age over 70 years, and
concomitant baseline treatment).

In the SAVE and SOLVD prevention trials development of
symptomatic heart failure, progression of heart failure, rate of
admission with heart failure, and incidence of recurrent
myocardial infarction were all reduced in the treatment
group. In the CONSENSUS II study there was no significant
reduction in any of these end points, although the rate of
change of treatment due to worsening heart failure was
significantly reduced in the treatment group.
Why did the SOLVD prevention and CONSENSUS II

trials show no apparent benefit on mortality? In the SOLVD
prevention study nearly 19% of the placebo group received
open label treatment with angiotension converting enzyme
inhibitors during follow up and this crossover may have
resulted in underestimation of survival benefit. In addition,
patients entering this study were more likely to have had no
symptoms of heart failure than those in the SAVE study, in
which treatment for heart failure was permitted.
The apparent lack of benefit ofearly angiotensin converting

enzyme inhibitor treatment in the CONSENSUS II trial may
have been related to the design or to theoretical issues.
Patients with non-Q wave, inferior, and previous myocardial
infarction have a reduced risk of infarct expansion. Throm-
bolytic agents might reduce the stimulus to remodelling by
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limiting infarct size and augmenting blood flow to additional
jeopardised zones.4 Moreover, since the use of thrombolytic
agents and aspirin in patients with myocardial infarction
improves short and long term survival we would expect to
have to give any additional treatment for a longer period to a
larger number of patients to show a further reduction in
mortality.
On the other hand, an adverse influence of giving angio-

tensin converting enzyme inhibitors early after myocardial
infarction might result from systemic or direct myocardial
effects of these agents. Systemic hypotension may reduce
coronary perfusion; in the CONSENSUS II trial there was an
increased incidence of first dose hypotension in the enalapril
group (10-5% v 2 5% in placebo group) and mortality was
increased in patients who showed this effect. Myocardial
angiotensin II increases the rate of myocardial protein
synthesis, promotes growth of myocytes, and promotes
collagen expression by fibroblasts,8'0 and large increases in
angiotensin converting enzyme activity are found in the scar
tissue after myocardial necrosis." In the short term these
effects may serve to maintain cardiac structural integrity and
normalise cardiac performance, in part by augmenting
chamber compliance. Thus angiotensin converting enzyme
inhibitors may actually worsen clinical outcome by inhibiting
an early protective effect ofangiotensin II on-cardiac structure.
Do the data from the CONSENSUS II study provide

conclusive proof that giving an angiotensin converting
enzyme inhibitor early produces no survival benefit? The
findings certainly highlight the risk of hypotension; elderly
people and patients with inferior myocardial infarction have a
greater propensity for this complication. On the other hand,
an echocardiographic substudy showed that the increase in
ventricular volume was significantly reduced in the six
months after myocardial infarction, presumably because
of attenuation of remodelling-as supported by the data
from the SOLVD prevention and the SAVE studies. The
factors that could potentially have been influenced by early
angiotensin converting enzyme inhibitor treatment are infarct
size and expansion, and we have no specific data on these.
Indeed, the effect of early treatment on infarct size and
expansion may be seen only in subgroups of patients, and
future studies should be directed at identifying such groups.
Though many issues remain to be resolved, data from the

SOLVD prevention and SAVE trials provide compelling
evidence that patients recovering from myocardial infarction

with asymptomatic left ventricular systolic dysfunction
(ejection fraction equal to or less than 40%) benefit from long
term administration of an angiotensin converting enzyme
inhibitor. While routine, early administration of angiotensin
converting enzyme inhibitors cannot presently be recom-
mended in patients with acute myocardial infarction, this
strategy needs further evaluation in high risk subgroups,
especially patients with large, first anteroapical infarction.
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The thrifty genotype in non-insulin dependent diabetes

The hypothesis survives

In 1962 Neel proposed that the persistence of diabetes
mellitus must mean that the diabetic genotype holds some
survival advantage.' Two decades later, after the clearer
recognition of the distinction between insulin dependent and
non-insulin dependent diabetes mellitus, Neel modified his
hypothesis so that it related specifically to non-insulin
dependent diabetes.2 Despite some scepticism, the "thrifty
genotype" remains a convenient explanation for the extremely
high incidence of non-insulin dependent diabetes that
develops in many populations which have experienced rapid
socioeconomic modernisation during this century.3"
The thrifty genotype is thought to have offered a survival

advantage to individuals in hunter-gatherer and early agri-

cultural societies, who were subject to periods of nutritional
hardship, by favouring fat deposition during periods when
food was abundant. In modern times, when physical activity
has decreased and calories are in constant supply (usually in
an energy dense form high in fat and simple carbohydrates),
the genotype has become disadvantageous and favours the
development ofobesity and non-insulin dependent diabetes.24
Central to the need for the thrifty genotype hypothesis is the
assumption that, when expressed, non-insulin dependent
diabetes was associated with diminished fertility (at least
before the advent of modern medicine). Certainly, a repro-
ductive handicap has recently been shown in young Nauruan
women with early onset non-insulin dependent diabetes.7
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