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~When initizied a few days after myocardial infarction, angio-
tensin-converting: enzyme. inbibition exerts beneficiz! effects on
survival and morbidity in patients with asympiomatic left ventric.
ular systolic dysfanction or symptomatic heart failare. During the
acate phase of a myocardial infarction, angiotensic-converting
enzyme inhibition appears to be well tolerated, to grevent the
.development of heart failure in patients with asymy:omatic feft
ventricular systolic dysfanction a.d to improve the hurnodynamic

and clinical variables of heart failure when present. Accordingly,
carly angiotensin-converting enzyme inhibition is clearly. indi-
cated in patients with acute myocardial intarction associated with
asymptomatic left veotricular dysfunction or clinical evidence of
heart failure. Angiotensin-converting enzyme inbibition may also

‘be beneficial when thrombolytic agents Fail to restore coronary

patency in patients with acate myocardial infarcticn.
(I Am Coll Cardiol 1995;25[Supplement j: 475518}

Gver the past. 15 years, angiotensin-converting enzyme inhib-
itors have been found to be increasingly beneficial in patients
with chronic congestive heart failure (1). Initially, angiotensin-
converung enzyme, inhibitors were evaluated in patients with
severe symptoms of congestive heart failure who were in New
York Heart Association functional class I or IV (2,3). Later,
" angiotensin-converting enzyme inhibition was considered for
patients with milder symptoms compatibic with functional class
I or If and, more recently, for patients with asymptomatic left
ventricular systolic dysfunction (4~6). Although the preven-
tion arm of the Studies of Left Ventricular Dysfunction
(SOLVD) trial (5) failed tc show a benefit of long-term
administration of enalapril on mortality, morbidity, in terms of
development of congestive heart failure or hospital admission
for congestwe heart failure, was substaztially reduced in

-patients receiving enalapril compared with thuse receiving

“placebo.
While the mdlcdmns for angiotensin-converting enzyme

inhibition in patients with chronic: left ventricular systolic
dysfunction ‘with or without congestive heart failure were
-widening, the role of angiotensin-converting enzyme inhibition

was being evaluated in patients with recent acute myocardlal
infarction (7). Because congestive heart failure in North
America is most of‘en related ro coronary ariery disease, acute
'myocardtal ir{arction and the resulting left veniricular systohc
-dysfupct OnETC & civar therapeuua targel if cnie has it-in mind
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to significantly alter the aatural history of congestive heart
failure (8).

. Large Randomized Studies of .
Angiotensin-Converting Enzyme Inhibitors in
Patients With Acute Myocardial Infarction

In 2,231 patients with a left ventricular ejection fraction
<40% and without noticeable symptoms of congestive heart

- failure, the Survival and Ventricular Enlargement (SAVE)
‘trial (9) clearly demonstrated the benefits of long-term admin-

istration of captopril on overall mortality and prevention of

‘symptomatic congestive h-art failure and recurrerit myocardial
‘infarction over-that observcd in patients recéiving placebo

(Table 1). Administration of captopril or placebo was initiated
on average 11 days after the acute eveni, once the eventual.
need for coronary angioplasty or bypass surgery had been
assessed and performed if nceded. In that regard; data from-_

‘the SAVE trial are pertinent to asymptomanc patieats in the

convalescent phase of an acute myocardial infarction and. do’
not help to ‘define the indications for immediate angmlensm—
converting enzyme wnhibition in patients with evolving myocar-

~ dial infarction. Of nete, the benefit of cuptopril on mortality
‘ r,became apparent only after 12 moihis and was lughly s:gmﬁ-
‘cant after an average follow- -up pericu of 42 months,

A double-blind, placebo-controlled trial of similar size:to.
that of SAVE recently reported (10) the benehts of angioten-

;am—comcrtmg enzyme inhibition with ramiprll on mortality

and morb:d:ty ift pauents with dcute. myocardial infarction and

: °ans:en_l‘ evidence of heart failure.. The A{:q;e Infarction
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l Tahle 1. Chmcai Charactcnsi:cs emd Mam Outcomes in the SAVE. '\IRE, SMILE COINSENSUS Il and GlSSl -3 Tnals '

 Risk Reduction

S . Risk Reduction |
T 1. No.of - ‘_ Climcal o ACE Folk')w-Up in All-Cause  Risk Reduclion s in Rectirrence
T Tealt . Ps. Ci:aractensttcs ~ Inhibitor Duration Mortality ~ in Severe CHF CofME
SAVE(9). . . 2231 ll d post-MI; no isch- . Captopril 42 mo - 19% o 1% L B%
o S - emida or failurs; S : : o : o ‘ ‘ b
B EF =40% . .
AIRE(10) ~ ' - 2006 5 dpost-ME dlinical Ramipril 15 mo 2% 19% NS
. . * or radiogruphic Lo
" C ) keart failure : :
SMILE (1) 1,356 st 24 h of aut MI; Zofenupril 6wk - NS 49% NS
: "SBP > 100 mm Hg ‘
GISSI-3(12) . 19394 . 1st24 h; ali comers: Lisiniopril 6 wk 11% N2, NA
CONSENSUS i (i5) . 6,090 . 1st 24 b; all comers. Enalaprilat 6 mo © NS 29% NS

© *Numbers in parenthescs are reference numbers. ACE = anigiotensin-converting enzyme; AIRE = Acute Infarction Ramipril Efficacy trial; ant = anterior, CHF =
congestive heart failure; CONSENSUS 11 = Cooperative New Scandinavian Enulapril Survival Study; d = days; EF = cjection fraction; GISSI-3 = Gruppo Italiano
per lo Stedio’ della Sopravvivenza nell’infarto Miocardico; M1 = myocardial infarction; NA = not applicable: Pis = patients; SAVE = Survival and Ventricular
Enlargcmeat trial; SBP = systollc biood pressare SMILE = Survival of Myocardiat Infarction Long-Term Evaluation trial.

‘Ramipril  Efiicacy- (AIRE) study investigators found that
ramipril reduced overall mortality by 27% ad resistant con-
gestive heart failure by 19% compared with placebo. Of
interest, the benefit of ramipril on mortality became apparent
-as early as 30 days after the acute eveni and was highly
significant after 15 months. of follow-up.

' Administration of ramipril or placebo was initiated from 3

to 10 days after the acute event. Thus, as noted with the SAVE
‘trial, data from the AIRE study are pertinent o the convales-

cent phase of myocardial infarction for patients who, at one

point; had clinical or radiographic evidence of heart failuge.
More recently, the effects of early angiotensin-converting

enzyme inhibition with zofenopril on the prevention of severe

congestive hear failure were evaluated in 1,556 patients with

an acute anterior wail myocardial infarction by the Survival of -

Myocardial Infarction Long-Term Evaluation trial (SMILE)

investigators (Il) Administration and dose titration of the

stady drug were. done with great care to' avoid systemic
hypotension, that is, systolic blood pressure <100 mm Hg.
During the 6 weeks of double-blind treatment. 34 patients
- {4.3%) da'u.loped severe congestive heart’ fatlure in the pla-
. cebo grsup, and’ 17 patients (2.2%) did so in the zofenopril
group, with a risk’ reduction of 49% (95% confidence interval

[Clj 1% to 171% p = 0.018). In agreement with the findings =
of the SAVE mvestlgators after 42 months and the AIRE

" investigators after 15 months, the overall mortality tended to
be decreased in patlcnts in the zofenoprd group compared with

that " the placebo group, that is, 50 versus 60 deaths,

respectively, with a risk reduction of 22% (95% CI —12% to
—48%, p = 0.i71). Administration of zofenopril or placebo
was started within the first 24 h of onset of acute myocardial
infarction. Although the incidence of systolic blood pressure

<100 mm Hg was greater in the zofenopril group, the rate of
discontinuation of the study drug becausc of significant hypo--
“tension was not increased. in the zofenopril group compared_'

with that for the placebo group (3.8% vs, 2.7%,.p.= NS} .

In the Gruppo Italiano per lo Studio della Sopravvivenza
nefl’'Infarto Miocardico (GISSI-3) trial (12], patients with
acute myccardial infarction in Killip class 1 or 2 who were
treated within 24 h of symptoms with lisinopril had a lower
mortality rate at 6 weeks than those teeated with placebo (6.3%
vs. 7.1%, p = 0.03). Of interest, these findings were observed
in"a population. intensively exposed to recommended treat-
ments, including thrombolysis, beta-blockade and aspirin.
Finally, preliminary results from the Collaborative Group
Fourth Iuternationa! Study of Infarct Survival (ISIS-4) (13,14)
also indicate a lower mortality rate at 35 days in patients
with acute myocardial infarction treated with captopril than
that noted in palents receiving placebo (7.1% vs. 7.6%, p <
0.02).

In contrast to the results of the SAVE, AIRE, SMILE,
GISS1-3 and IS1S-4 trials, the results of the Cooperative New
Scandinavian Enalapril Study (CONSENSUS H) (15) werée
negative. The CONSENSUS II trial failed to demonstrate any

“benefit of enalapril therapy initiated within the first 24 h of

acute myocardial infarction compared with placebo. Adminis-
tration of enalapril or placebo was initiated early in the course -
of myocardial infaiction, first by parenteral form and. subsc-
quently by the oral route. The Safety Committee, which had
CONCErS . about the. possible’ adverse effects of enalapril in

clderly patients wiili eatly hypotension, decided to interrupt

the trial after a 6-month fol!ow-up, which in view' of the:.
relatively small number of patiénts enrolled compared with
megatnals may have béen too short to détect a reduction in

2 mortahty with enalapnl in all patients with acute myocai-
“dial infarction. Surprisingly, the subgroup analysis of ihe:
- CONSENSUS 11 findings did not document any bencfit of
. ena!apnl in the subset of pat:ents with ‘a history of congestive -

heart: failure, pulmonary edema or-heart failure after admis-
sion. These subsets of pat:ents were qu:te small (6% 2% and

'18%, respectively).
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Posatwe Studles (SAVE AIRE, SM!LE,
GISS!-S ISIS-4) Versus NegatWe .
Studles (C()NSENSUS )

The contrastmg ﬁndmgs between the SAVE, AIRE'

.SMILE GISSI-3 and ISIS—4 trials on: the one hand and the
CONSENSUS 1I trial on the other probsbly result from
multtpie factors. The- patier? znpulattop was most likely the
most influential factor to ~xpiain 4 differences-in outcome
between the SMILE and CONSENSUS H irials. Patients
enrofled in the SMILE were more likely to develop left
ventricular dysfunction and heart failure because of the ante-

rior wall location of myocardlal damage than those enrolled in .

the CONSENSUS II trial, although the timing of study drug
adminstration was similar in both trials, that is, the first 24 h.
Although the CONSENSUS 11, GISSI-3 and ISIS-4 trials are
similar with regard to che early administration of angiotensin-
converting enzyme inhibition during the course o the myocar-

dial infarction, these studies differ on the number of patients

enrolled, which is at least threefold greater in the GISSI-3 and
ISIS-4 trials than in CONSENSUS I1. Fhe major difference
among the SAVE, AIRE and CONSENSUS 1l trials is obvi-
ously the duration of follow-up: a maximum of 42 months
versus a minimum of 6 months. In addition, therapy with
captopril or ramipril was initiated during the convalescent
phase of myocardial infarction in the SAVE and AIRE trials,
but enalaprilat and later enalapril were administered very
early during the course of myocardial infarction in the
CONSENSUS II trial. Thus, acute hypotensmn induced by
angiotensin-converting enzyme inhibition and the resulting
tisk of exacerbating myocardial ischemia ﬂurmg an evolving
myocardial infarction may have occurred in patients enrolled
in the CONSENSUS 11, but it was less an issuc in the patients
receiving captopril or ramipril in the SAVE and AIRE trials.

‘ Acute Hemodynamnc Eﬁ'ects of
- Angiotensin-Converting Enzyme Inhibition
' in Acute Myocardxal Infarction '

-Few investigators have studied the hemodyna'mc effects of
early angxotcnsm-convertmg enzyme inhibitiois in patients with
evolving myucardlal infarction (16-19). McAlpine et al {i6)
evaluated nine with an acute myocardial infarction and left
ventricular failure who were: ‘tréated with captopiil within the

- first. 48 h of symptoms. Mean system;c arterial and pulmonary

capillary wedge pressures decreased from 84 to 76 mm Hg and

from 26 to 20 mm Hg, respectively, although cardiac output did
not change. Severe systemic hypotcnszon did not occur: Ray et
al. (17) studied the hcmodynamlc effects of early captopril or
' piacebo -administration in 99 hemodynamically stable patients

 with acute myocardial mfarcuon Captopnl started between 6

.and 24 'h after- the acute evenf, was not assuciated with
significant hypotensmn in patlents whosc baseline pulmonary .
capillary wedge pressure avcraged 16 mm Hg. The reductions . "
i mean systemic arterial and pulmonary capillary wedge
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'pres;ures were . similar to those noted by McAmee ct al. (16)
8 to 10 mm Hg and 4 to 6 mm Hpg, respectively. '

1In a randomized study of captopril. versus placebe in

- patients with acute myocardial infarction treated with intrave-

~ nous. mtroglycenn Tranchesi et al. (18) demonstrated that
concomitant administration of captopril and mtroglycerm was.

" safe in the early hours of a noncomplicated anterior wali

myocardial infarction. However. only patients with a mean
systemie arterial pressure >70 mm Hg, cardiac index >2.2
liters/min per wn® and pulmonary capillary wedge pressure
>10 mm Hg were included in the trial. Finally, in a random-
ized, placebo-controlled trial involving 38 patients with acute

" myocardial infarction, Nabel et al. (19) reported that simulta- -

neous administration of intravenous capiopri] and recombi-
nant tissue-type plasminogen activator did not lead to any
hemodynamic complications. However, intravenous adminis-
tration of captopril had to be discontinued in only one patient.
Of note, three patients in th> captopril group underwent
coronary bypass surgery before d.‘:charge but none did in iu-
placebo group.

Potential Adverse Effects of Initiating
Angiotensin-Converting Enzyme Inhibition
- in the First Hours of an Acute
Myocardial Infarction

The published data indicate that although it is associated
with a decrease in mean systemic arterial pressure averaging
10 mm Hg, immediate angiotensin-converting enzyme inhibi-
tion is hemodynamically and clinically well tolerated in pa-
tients with acute myocardial infarction. The coronary perfusion
pressure gradient, which is the difference between distal coro-
nary and left ventricular diastolic pressures, may be preserved
or even enhanced by angiotensin-converting enzyme inhibition
in patier.s with an elevated left ventricular diastelic pressure.
In thesc ‘patients, the detrimental effect of a decrease in

systemic arterial pressure on the coronary perfusion gradieiit is
likely to be offset by a concomitant reduction in left ventricular
diastolic pressure. In contrast, coronary perfusion pressure

gradient may decrease in patients with a normal or low left

- ventricular diastolic pressire. Indeed, besides directly decreas-
‘ing arteriolar resistances, angioiensin-converting enzyme inhi--

vition may precipiiate a decrease in stroke volume as left
ventricular diastolic pressures decrease in patients whose left

ventricles are operating on the steep part of the Starling curve.

Such reduction in coronary perfusion pressure gradient may

“lead 1o ‘or exacerbate myocardial ischemia in paneats w;th—

critical coronary obstruction.

indu:atmns for Early Imtlatwn of
Anglotensm-Convemng Enzyme Inhibition
7 in Acute Myocardlal Infarctmn

The pre:»nce of signs and- eymptoma of left vcnm ular

 systolic dysfunction is clearly an important determinant of the
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carly usy of anglotensm-convemng enzyrm, mhlbmon in pa-',
tients with soate myocardla} infarction, Immediate anglotensm- .
“converting enzyme inhibition is the pharmacologic interven- -

tion of choice in pat:ents who develop clinical heart failure in
the early hours of °n acute myocardxal infarction. The alter-

native approdch, admnistration of potent loop diuretic drugs,

‘has the “disadvantage ‘of further activating the renin-
angiotensin-aldosterone system and thereby increasing cardiac
afierload and paradoxically promoting sodium reiention once
the short-lived effects have dissipated (20.21). Potent loop
diuretic drugs can also result in substantial intravascular
depletion in patients chromca[ly treated with diuretic drugs
who, during the course of a myocardial infarction, cannot
“ingest fluids because of nausea and vomiting. Of note. emer-
gency room administration of excessive doses of loop diuretic
" drugs can lead to intravascular depletion in patients with acute
myocardial infarction who were euvolemic before their acute
coronary occlusion. In turn, intravascular deplction and stim-
ulation of the renin-angiotensin-aldosterone system substan-
tially increase the likelihood of symptomatic hypotension when
angiotensin-converting cuzyme inhibition is initiated shortly
after ioop diuretic therapy. Thus. in patients who are moder-
ately symptomatic with acuie left ventricular dysfunction, oral
administration of a short-acting angiotensin-converting en-
zyme inhibitor at low dose or careful intravenous administra-
“tion of 1 to 2 mg of enalaprilat ‘is the preferred therapeutic
approach. The use of potent loop diuretic therapy should be
-reserved for patients with acute left ventricular dysfunction
‘who are severely symptomatic, such as those with pulmonary
‘edema, or to patients whose symptoms fail to be relieved by
angjotensin-converting enzyme inhibition. When angiotensin-
converting enzyme inhibition at low dose is well tolerated, the
dose can be progressively increased at 8-n intervals to full
angiotensin-converting enzyme inhibition, When systolic arte-
rial pressure is borderline, rangmg from 90 to 100 mm Hg, or
when symptomatic hypotensmn occirs, angiotensin-convariing
" enzyme inhibition should be withheld and then resumed when
feasible at a low dose.
The indications for early angiotensin-converting enzyme
fminbmon in patients with acute, myocardial -infarction with
normal or near-normal left ventricular function and without
-clinical evidence of heart failure have yet 13 be defined.
"Multiple factors are responsﬂ:le for the progressive ditation of
the feft ventricle after an acute myocardtal infarction. The size
“and location of the myocardial infarction and the patcney of
the mfarct—related artery are. probably the most important
_factors in patlents with normal or near-normal left ventricular
end-diastolic dimension and ejection fraction (22). Thus, pa-
tients with: large anterior wall myocardial infarctions in whom
thrombolysis or revasculanzanon .or both, was unsuccessful or
not attempted should be treated with anglotensm-cunverimgi

" enzyme inhibitors for at least 3 months (23-25). In view of the’ .
variability in‘extent and time of the left ventricular remodelmg'
process after myocardial infarction, two-dimensional echocar-'
divgraphy should be repeated at 3 months, and the need for, =
angiotensin-converting enzyme inhibition should be reassessed:
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1(26,27). In contrast to patiénts with a large myocardial‘infaré-
‘tion and left. ventricular systolic dystuncuon -patients with a

smal mvocard:ai infarction, normal left ve ntr.s'ular dtmensmn'

. and fumjon and a patent infa ret-related coronary arlery are

unlikely 1o 'tenve substantial benefit from imme dtate angzo-
tensin-convertiag enzyme nhibition.
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