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During the 1980s, the treatment of acute myocardial 
infarction (MI) changed dramatically. Thrombolytic therapy 
was introduced at the beginning of the decade, and over the 
next 10 years intravenously administered thrombolytic 
therapy was shown (a) to restore antegrade flow in coronary 
arteries occluded by fresh thrombus [1,2], (b) to improve 
left ventricular function in patients receiving it within 3 
to 4 hours of the onset of chest pain [3-5], and (c) to 
reduce mortality [6,7]. For example, the GISSI trial [6] 
assessed mortality at 21 days in almost 12,000 subjects 
hospitalized throughout Italy with evolving acute MI: half 
were treated in a standard fashion, whereas the other half 
received intravenous streptokinase, 1.5 million units in 60 
minutes . At 21 days, those treated in a standard manner had 
a 13.0% mortality, and those given streptokinase had only a 
10.7% mortality (p = 0.002). A similar beneficial effect of 
intravenous streptokinase was demonstrated by the ISIS-2 
investigators [7] (Table 1, below). 

Aside from the proven beneficial effect of intravenous 
thrombolytic therapy, the ISIS - 2 trial showed that immediate 
oral aspirin exerted a marked beneficial influence in 
patients with suspected acute MI. The ISIS-2 investigators 
randomly assigned 17,187 patients within 24 hours of the 
onset of chest pain thought to be consistent with acute MI 
to 1 of 4 treatment strategies: (a) placebo, (b) intravenous 
streptokinase (in a similar dose as GISSI [6]), (c) oral 
aspirin (160 mg immediately and then daily thereafter), or 
(d) the combination of streptokinase and aspirin (in the 
same doses as noted) . The primary end-point of ISIS-2 was 
mortality at 35 days after randomization. As the data in 
Table 1 (below) indicate, all 3 active treatments were 
better than placebo, and the streptokinase-aspirin 
combination was best . Interestingly, oral aspirin was as 
effective as streptokinase. 

Table 1: 35 day Mortality in ISIS-2 

Placebo 13.2% 

IV Streptokinase 10.4% + 

Oral Aspirin 10.7% + 

Streptokinase + Aspirin 8.0% * 

+ p < 0.00001 in comparison to placebo 
* p < 0.0001 in comparison to all other therapies 

From reference # 7 

, 
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By 1990, therefore, it was clear that timely pharmacologic 
reperfusion of occluded infarct-related arteries exerts a 
beneficial influence on survival in patients with acute MI, 
and immediate aspirin therapy also is clearly beneficial. 
Subsequent smaller studies (8] suggested that timely 
mechanical reperfusion of occluded infarct - related arteries 
-- so-called "primary" angioplasty -- reduces mortality to a 
similar magnitude as that of thrombolytic therapy. 

Apart from these so-called "front-line" therapies -
designed to restore antegrade perfusion in an occluded 
infarct - related coronary artery in a timely manner -- a 
variety of other pharmacologic agents are often suggested or 
given to patients with evolving MI. In addition, these 
agents are often administered to patients with MI who, for 
some reason, do not receive thrombolytic therapy. My 
purpose today is to review and to update our thinking about 
several of these agents. Specifically, my purpose is to 
discuss in some detail the rationale, risks, and possible 
benefits of (a) magnesium sulfate, (b) ACE inhibitors, and 
(c) nitrate preparations in patients with acute MI, both in 
conjunction (a) with and (b) without reperfusion therapy. 

A. MAGNESIUM 

It has been suggested that many patients with acute MI are 
"deficient" in magnesium. In comparison to younger 
patients, elderly subjects are at increased risk of acute MI 
and of being deficient in serum and tissue magnesium. Many 
patients with MI are receiving diuretics as treatment of 
hypertension or CHF. Finally, even the patient with normal 
magnesium stores may experience a decline in plasma 
magnesium concentrations with the onset of MI: Flink et al 
(9] reported that subjects with evolving MI manifest a sharp 
rise of circulating free fatty acids and a concomitant fall 
in plasma magnesium concentrations. Thus, although the 
total body magnesium content may not change with the onset 
of MI, extracellular magnesium concentrations decline 
markedly in some patients, particularly in the first 24 to 
48 hours after onset. 

Why might magnesium be beneficial in patients with acute 
ischemic heart disease? In the setting of ischemia, 
magnesium (a) blocks calcium entry into smooth muscle cells, 
thereby inducing vasodilatation; (b) drives calcium into the 
sarcoplasmic reticulum; (c) protects myocytes against 
calcium overload by inhibiting calcium influx, particularly 
at the time of reperfusion; and (d) serves to maintain ionic 
balance across sarcolemmal membranes, with a resultant 
stabilization of electrical activity . In the setting of 
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acute MI, magnesium appears to exert its predominant effect 
by minimizing the magnitude of ischemic and reperfusion 
injury [10-12] . 

Since 1984, the results of at least 10 randomized, 
controlled trials of intravenous magnesium in patients with 
acute MI have been published. A meta-analysis of the 7 
randomized, controlled trials published between 1984 and 
1991 strongly suggested that magnesium administration was 
highly beneficial in reducing mortality [13] . The Leicester 
Intravenous Magnesium Intervention Trial (LIMIT-2) reported 
a 24% reduction in mortality with magnesium treatment (p < 
0.04) [14]. Specifically, Woods et al assigned 2316 
patients with suspected acute MI to receive intravenous 
saline (n = 1157) or magnesium sulfate, 8 mmol in the 
initial 5 minutes, followed by 65 mmol in 24 hours (n = 
1159), with the primary end-point being mortality at 28 
days. Importantly, 75% of the patients in each group were 
treated within 6 hours of symptom onset. Concomitant 
thrombolytic therapy was given to 35% in each group. 
Because of the relatively early administration of magnesium 
sulfate to most subjects, the LIMIT-2 investigators were 
likely to have achieved an elevated magnesium concentration 
at the time of reperfusion in those receiving thrombolytic 
therapy. In addition, the early enrollment of those not 
receiving a thrombolytic agent makes it likely that 
magnesium concentrations were elevated when spontaneous 
reperfusion occurred. 

Those given magnesium had a lower incidence of CHF in the 
Coronary Care Unit (11 . 2% versus 14.9%, p = 0.009) . The 2 
groups were similar in the incidence of tachyarrhythmias and 
the need for direct-current cardioversion and/or 
antiarrhythmic drug therapy. Most importantly, mortality 
was 10.3% in those given saline and 7.8% in those receiving 
magnesium (p = 0.04) (Figure 1, page 5). Given the strong 
predictive power of LV systolic function on long- term 
survival, one would anticipate that the magnesium-treated 
patients in LIMIT-2 would have a lower long-term mortality. 
Indeed, the LIMIT-2 investigators recently reported that 
those given magnesium had a 21% lower mortality over a 4 
year period of follow-up [15] (Figure 2, page 5). 

Recently published data from Shechter et al [16] showed that 
intravenous magnesium is highly beneficial in reducing 
mortality in patients not given thrombolytic therapy. They 
enrolled 194 subjects with acute MI not considered eligible 
for thrombolytic therapy in a randomized, double-blind 
comparison of placebo (n = 98) or magnesium sulfate (n = 
96). Those given magnesium received 22 grams of magnesium 
sulfate during the initial 48 hours of hospitalization: 6 
grams in the first 3 hours, 10 grams during the next 21 
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Figure 1: % mortality over the 
28 days after randomization. 
From reference# 14. 
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Figure 2: All-cause mortality 
during 4 years of follow-up. 
From reference # 15. 
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hours, and 6 grams during the last 24 hours. The average 
time from onset of chest pain to initiation of treatment was 
7 hours . As the data in Table 2 (below) demonstrate, those 
given magnesium had a lower incidence of (a) ventricular 
arrhythmias (ventricular fibrillation, ventricular 
tachycardia, and complex ventricular ectopic activity) and 
(b) death . 

Table 2: Clinical Outcomes of 194 Patients with Acute MI 

Placebo (n-98) Magnesium (n=96) 

Ventricular arrhythmias 39 26 * 

Heart Failure 22 18 

Hospital mortality 17 4 + 

* p = 0.04, + p = 0.01 

From reference # 16 

The beneficial influence of magnesium on mortality was 
particularly marked in patients > 70 years of age. A total 
of 77 subjects were in this age group. Of the 44 given 
placebo, 10 (23%) died in hospital. Of the 33 given 
magnesium, only 3 (9%) died in hospital [16]. 

Then came the shocking results of the Fourth International 
Study of Infarct Survival (ISIS-4) [17]. The ISIS-4 
investigators enrolled slightly more than 58,000 patients 
with suspected acute MI . As with the previous ISIS trials, 
the primary end-point was mortality within 35 days of 
enrollment. The 35-day mortality was 7.2% 'in the control 
group and 7.6% in those given magnesium (Figure 3, page 7). 
Importantly, the ISIS-4 protocol specifically mandated that 
the patients given concomitant thrombolytic therapy (70% of 
the total) should receive the initial intravenous bolus of 
magnesium sulfate after thrombolytic therapy was initiated. 
In the 30% who did not receive thrombolytic therapy, the 
median time to randomization and ~nitiation of magnesium 
infusion was 12 hours . The results of the ISIS-4 trial 
surprised many experienced physicians, many of whom promptly 
abandoned the use of magnesium in patients with suspected 
acute MI. 

In LIMIT-2 and ISIS-4, the intravenous infusion of magnesium 
sulfate was tolerated well. Flushing occurred "commonly" 
but could usually be attenuated by giving the initial 
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injection over 10 minutes. Blood pressure fell modestly (5 
to 8 mmHg) and transiently. 

Figure 3: Mortality during the 35 
days after randomization in those 
given placebo or magnesium. From 
Reference # 17. 

(c) MAGNESIUM comparison 
Magnesium: 2216/29011 (7.64%) 
Control: 2103/29039 (7.24%) 
EXCESS per 1000: 4.0 (SO 2.2) 

Deelhs 
2500 

2000 

1500 

1000 

500 

0 --~~-----..---.--~ 
0 7 14 21 28 35 

Days from randomiS811on 

How can one explain the differences between ISIS-4 and most 
other studies? The trials that have shown that magnesium is 
beneficial in patients with suspected MI (with LIMIT-2 
[14,15] being the largest and best designed) have 
consistently administered it early. Specifically, in those 
in whom reperfusion therapy was employed, the magnesium 
infusion was initiated before reperfusion therapy was begun. 
In those not receiving reperfusion therapy, magnesium was 
initiated within 6 hours of the onset of chest pain, so that 
the serum magnesium concentration was elevated when 
spontaneous reperfusion was most likely to occur. 

In my opinion, the results of ISIS-4 -- in which, you will 
recall, magnesium was given relatively late -- have obscured 
the beneficial effect of magnesium in patients with 
suspecte9 acute MI. ·Therefore, provided that it can be 
initiated before pharmacologic, mechanical, or spontaneous 
reperfusion, intravenous magnesium sulfate should be given 
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to all patients with suspected acute MI, unless, of course, 
there is a contraindication to its use (e.g., complete heart 
block or azotemia) . 

B, ACE INHIBITORS 

Over the past 15 years, several large trials have shown the 
beneficial effects of chronic ACE inhibitor therapy in 
subjects with advanced CHF. The CONSENSUS-I trial [18] 
randomly assigned 253 patients with class IV CHF to placebo 
(n = 126) or enalapril (n = 127); conventional medical 
therapy was continued in both groups. Six months after 
randomization, the mortalities in the 2 groups were 44% and 
26%, respectively, a 40% reduction in mortality (p = 0.002) 
in the enalapril group. Subsequent randomized trials of 
patients with less severe CHF or asymptomatic left 
ventricular dysfunction of any cause [19-21] demonstrated a 
salutary influence of ACE inhibition. 

The use of the ACE inhibitor, captopril, in subjects with 
acute myocardial infarction (MI) was first introduced by 
Pfeffer et al [22] in 1988. Subsequently, Pfeffer and 
colleagues designed and performed the Survival and 
Ventricular Enlargement (SAVE) Trial [23] , in which 2231 
survivors of acute MI with LV ejection fractions~ 0.40 were 
randomly assigned to receive _placebo (n = 1116) or captopril 
(n = 1115). Randomization and initiation of therapy 
occurred between 3 and 16 days after MI. The target dose of 
study medication was 25 mg thrice daily by the time of 
hospital discharge and 50 mg thrice daily subsequent to 
discharge . The patients were then followed for an average 
of 42 months. 

Captopril induced a significant decrease in all-cause 
mortality: 20% in the captopril group, 25% in the placebo 
group -- a reduction in risk of death of 19% (p = 0.019) 
(Figure 4, page 9). As displayed in Figure 5 (page 9), 
captopril caused a consistent 20 to 25% reduction in (a) 
death from cardiovascular causes, (b) CHF requiring the 
initiation of ACE inhibitors, (c) CHF requiring 
hospitalization, and (d) recurrent MI. The latter effect of 
captopril has been the cause of considerable discussion 
about the possibility of its benefit in all MI patients . 

As noted, Pfeffer et al [23] limited enrollment in the SAVE 
trial to survivors of MI who (a) had an LV ejection fraction 
~ 0.40 and (b) were at least 3 days removed from the acute 
event. Subsequent studies have attempted to address a 
"widening" of the therapeutic window. Specifically, these 
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Figure 4: Cumulative all-cause 
mortality in the 2 study groups. 
The number of patients at risk 
at the beginning of each year 
is shown at the bottom. From 
reference# 23. 
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Figure 5: Life tables for cumulative 
fatal and nonfatal cardiovascular events. 
CV cardiovascular. From reference # 23. 
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studies have attempted to determine the efficacy of ACE 
inhibitors (a) in survivors of MI with no or only minimal LV 
systolic dysfunction and (b) when given to patients with MI 
acutely (i.e., within hours, rather than days, of the 
event). 

The GISSI-3 investigato.rs [24] enrolled 19,394 subjects with 
suspected acute MI within 24 hours of the onset of symptoms 
in a controlled, multicenter trial with a 2 X 2 factorial 
design. Thus, each patient was assigned randomly to (a) 
standard therapy, (b) lisinopril (5 mg immediately, 5 mg at 
24 hours, 10 mg at 48 hours, then 10 mg daily for 6 weeks), 
(c) transdermal glyceryl trinitrate, or (d) combined therapy 
with lisinopril and glyceryl trinitrate. Patients with 
class IV CHF were excluded from enrollment. Of the 19,000+ 
patients, 84% received concomitant aspirin, 72% thrombolytic 
therapy, and 31% beta adrenergic blockers. The primary end
point of the trial was 6 week mortality. 

In comparison to standard therapy, lisinopril induced a 
significant reduction in mortality (p = 0.03): 6-week 
mortality was 7.1% in the controls and 6.3% in those given 
lisinopril (Figure 6, below), an 11% reduction in mortality. 

Figure 6: Cumulative % survival at 6 
weeks in those receiving standard 
therapy (control) or lisinopril. 
From reference # 24. 
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As the data in Table 3 (page 11) demonstrate, lisinopril 
exerted no effect on the incidence of reinfarction, 
postinfarction angina, or stroke. 
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Table 3: Lisinopril versus control in GISSI - 3 

lisinopril 

6 week mortality 6.3% 

reinfarction 3 . 1% 

post infarction angina 20% 

stroke 0.9% 

* p = 0.03 in comparison to lisinopril 
From reference# 24 . 

control 

7 . 1% 

3 . 2% 

21% 

0 . 6% 

* 

In patients > 70 years of age, lisinopril reduced the 
incidence of death/severe LV dysfunction by 12% (p = 
0 . 0039). 

Of the patients assigned to receive lisinopril, the drug was 
withdrawn because of hypotension in slightly less than 10%, 
renal functional impairment in 2%, and persistent cough in 
0 . 5%. All in all, lisinopril was well tolerated . 

The ISIS-4 investigators [17], as noted previously, enrolled 
58,050 patients with suspected acute MI is a 2 X 2 X 2 
factorial design, so that each patient received (a) placebo 
or oral captopril (6.25 mg initially, 12.5 mg 2 hours later, 
25 mg 12 hours later, followed by 50 mg twice daily), each 
given for 28 days; (b) placebo or oral isosorbide 
mononitrate (30 mg initially, 30 mg 12 hours later, followed 
by 60 mg daily), each given for 28 days; and (c) control or 
intravenous magnesium sulfate, in a dose previously 
described. The primary end-point of ISIS - 4 was 35-day 
mortality. Of all 58,000+ subjects, 94% received 
concomitant aspirin, and 70% were given thrombolytic therapy 
(streptokinase in almost all). 

Captopril induced a statistically significant 7% reduction 
in 35 - day mortality (placebo, 7.7%, captopril 7 . 2%, p = 
0 . 02) (Figure 7, page 12). The placebo and captopril groups 
had a similar incidence of CHF in hospital. Of those given 
placebo, 5% had sufficient hypotension to require drug 
termination, whereas 10% of those given captopril required 
drug termination because of hypotension (p < 0.0001). 
Finally, those given captopril had a slightly increased 
incidence of renal impairment (captopril, 1.1%; placebo, 
0. 6%). 
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Figure 7: Deaths in those treated with 
placebo or captopril. From reference # 17. 
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Ambrosioni et al [25] enrolled 1556 patients within 24 hours 
of the onset of anterior MI {Q wave in half, non-Q wave in 
half) not eligible for thrombolytic therapy in a placebo
controlled, double-blind comparison of placebo or 
zofenopril, an analogue of captopril. The combined primary 
end-point of the study was death or severe CHF within 6 
weeks of randomization. Therapy was given for 6 weeks. As 
the data in Table 4 (below) indicate, zofenopril 
significantly reduced the incidence of death/severe CHF. 
These data are displayed pictorily in Figure 8 (page 13). 

Table 4: Zofenopril versus Placebo in SMILE 

Placebo Zofeno12ril 12. 

Severe CHF 4.1% 2.2% 0.018 

Death 6.5% 4.9% 0.19 

Combined CHF/Death 10.6% 7.1% 0.018 

From reference # 25. 
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Figure 8: Incidence (in %) of death or 
severe CHF in the 2 treatment groups. 
From reference # 25 
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Even though placebo or zofenopril were administered for only 
6 weeks, the latter group had a significantly lower 
mortality at 1 year (Figure 9, below). 

Figure 9: One - year mortality (expressed as %) 
for the 2 treatment groups. From reference # 25. 
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From all these data, I offer the following therapeutic 
suggestions: 
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1. Unless contraindicated, all patients with suspected acute 
MI should receive an oral ACE inhibitor, beginning within 24 
hours of symptom onset. The results of GISSI-3 [24] and 
ISIS - 4 [17] clearly demonstrate that a substantial part of 
the benefits of ACE inhibitors occurs during the first week 
after MI. An ACE inhibitor should be given in addition to 
reperfusion therapy, aspirin, and beta blockers. 
Contraindications include (a) a systolic arterial pressure < 
100 mm Hg, (b) underlying a zotemia (serum creatinine > 2 . 5 
mg%), (c) known bilateral renal arterial stenoses, or (d) a 
known allergy to ACE inhibitors. 

2. ACE inhibitors should be initiated with low-dose oral 
administration, with the dose being increased steadily and 
gradually, so that the full dose is reached in 48 hours . 

3. If the patient's postinfarction course is uncomplicated 
and there is no evidence of symptomatic or asymptomatic LV 
dysfunction by 4 to 6 weeks, the ACE inhibitor can be 
discontinued [26] . If LV systolic dysfunction and/or 
symptoms of CHF are present, the ACE inhibitor should be 
continued indefinitely . 

C. NITRATES 

In the setting of myocardial - ischemia, the organic nitrates 
act (a) to increase myocardial oxygen supply (via direct 
coronary arterial vasodilatation) and (b) to decrease 
myocardial oxygen demand (by reducing left ventricular wall 
tension, which, in turn, is caused by reduced preload and 
afterload) [27] . Through a poorly described mechanism, they 
help to redistribute coronary blood flow from the 
subepicardium to the subendocardium, the region most in need 
of improved perfusion in patients with ongoing ischemia 
[28] . In addition, recent data suggest that nitrates 
inhibit platelet aggregation . 

In the 1970s and early 1980s -- before the advent of 
reperfusion therapy and routine aspirin administration 
several small studies suggested that nitroglycerin reduced 
morbidity and mortality in patients with acute MI, and a 
meta-analysis of these trials -- involving a total of 2042 
patients -- showed that intravenous nitrates reduced the 
likelihood of death by as much as 35% [29] . When used 
concomitantly with reperfusion therapy and aspirin, however, 
nitrates do not appear to exert a clearly demonstrable 
beneficial effect. 

As discussed previously, the GISSI-3 investigators [24] 
enrolled 19,394 subjects with suspected acute MI within 24 
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hours of the onset of symptoms in a controlled, multicenter 
trial with a 2 X 2 factorial design. Thus, each patient was 
assigned randomly to (a) standard therapy, (b) lisinopril 
(in the doses previously described), (c) glyceryl trinitrate 
(given intravenously for the first 24 hours in a maximally 
tolerated dose, provided the systolic arterial pressure did 
not fall by > 10%.; given transdermally thereafter in a dose 
of 10 mg daily) , or (d) combined therapy with lisinopril and 
glyceryl trinitrate. Patients with class IV CHF were 
excluded from enrollment. Of the 19,000+ patients, 84% 
received concomitant aspirin, 72% thrombolytic therapy, and 
31% beta adrenergic blockers. The primary end-point of the 
trial was 6 week mortality. 

Glyceryl trinitrate and standard therapy were associated 
with similar morbidity and mortality (Table 5 and Figure 10, 
below) . 

Table 5: Glyceryl trinitrate Versus Control in GISSI-3 

LV Ejection Fraction ~ 35% 

Clinical CHF 

Death 

From reference # 24 

Figure 10: Cumulative 
% survival in GISSI-3. 
From reference # 24. 
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The control and glyceryl trinitrate groups were also similar 
in the incidence of reinfarction, required revascularization 
procedures, persistent hypotension, and renal dysfunction. 

Of the 19,000+ patients enrolled in GISSI-3, roughly 25% 
received standard therapy, 25% received nitrates alone, 25% 
received lisinopril alone, and the other 25% received a 
nitrate-lisinopril combination. The latter group -- those 
receiving both glyceryl trinitrate and lisinopril - - showed 
the greatest benefit, as the data in Table 6 (below) 
demonstrate. 

Table 6: 6-week Mortality in GISSI-3 

6-week Mortality 

Standard Rx (n = 4729) 

Nitrates Alone (n = 4731) 

Lisinopril Alone (n 4713) 

Nitrates + Lisinopril (n = 4722) 

* p = 0.021 in comparison to Standard Rx 
From Reference # 24 

7.2% 

7.0% 

6.6% 

6.0% * 

The data from GISSI-3 regarding glyceryl trinitrate are 
somewhat difficul.t to interpret, in large part because a 
high percentage -- 57% -- of the 9442 patients assigned to 
the nitrate-control group received some form of nitrate 
therapy. Specifically, the study protocol allowed nitrate 
use for angina, heart failure, or hypertension. As a 
result, for example, over 4000 of the 9442 "controls" 
received intravenous nitroglycerin during the 24 hours after 
hospitalization. 

As described previously, the ISIS-4 investigators [17] 
enrolled 58,050 patients with suspected acute MI is a 2 X 2 
X 2 factorial design, so that each patient received (a) 
placebo or oral captopril (in the doses previously 
detailed), each given for 28 days; (b) placebo or oral 
isosorbide mononitrate (30 mg initially, 30 mg 12 hours 
later, followed by 60 mg daily), each given for 28 days; and 
(c) control or intravenous magnesium sulfate, in a dose 
previously described. The primary end-point of ISIS-4 was 
35-day mortality. Of all 58,000+ subjects, 94% received 
concomitant aspirin, and 70% were given thrombolytic therapy 
(streptokinase in almost all) . 
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As the data in Figure 11 (below) show, isosorbide 
mononitrate and placebo were similar as regards mortality at 
35 days : 7.54~ for placebo, 7.34~ for mononitrate . 

Figure 11 : 35 - day mortality in ISIS -4. 
From reference # 17. 
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Those given placebo and isosorbide mononitrate had a similar 
incidence of reinfarction (placebo, 3.9~; mononitrate, 4.0~) 
and postinfarction angina (placebo, 15.9~; mononitrate, 
16 0 0~) 0 

As with GISSI-3, the data from ISIS-4 regarding isosorbide 
mononitrate are difficult to interpret, in large part 
because 60~ of all patients received some form of nitrate 
therapy (intravenously in 54~, orally or topically in the 
other 6~) . The study protocol allowed nitrate use for 
angina, heart failure, or hypertension. 

In summary, nitroglycerin administration in conjunction with 
reperfusion therapy and aspirin, though apparently safe and 
well tolerated, does not exert a demonstrable effect on 
survival, either overall or in any particular subgroup of 
patients (i.e., the elderly or those _with clinical CHF) . 
Which patients with acute MI, then, should receive 
nitroglycerin? In my opinion, intravenous nitroglycerin 
should be given to patients with suspected MI for relief or 
alleviation of (a) chest pain thought to be ischemic in 
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origin, {b) clinical CHF, or {c) systemic arterial 
hypertension. If the patient has none of these, nitrates 
are not indicated. 

D. CALCIUM CHANNEL BLOCKERS 

Similar to the nitrate preparations, there are very limited 
data concerning the use of calcium channel blockers in 
patients with evolving MI to whom thrombolytic therapy and 
aspirin have been administered. Thus, most assessments of 
calcium channel blockers were performed in the pre
reperfusion era. 

In patients with acute MI, nifedipine does not reduce the 
incidence of reinfarction or mortality when given early {< 
24 hours) or later after the onset of symptoms. This lack 
of benefit is found in all patient subgroups, regardless of 
gender, overall risk, type of MI {Q wave versus non-Q wave), 
or the administration of concomitant beta blockers or 
thrombolytic therapy [30-34]. Nifedipine may be 
particularly detrimental in patients with hypotension and/or 
tachycardia; in these subjects, it may induce a reduction in 
coronary perfusion pressure, disproportionate dilatation of 
coronary arteries that supply myocardium adjacent to the 
ischemic area (so-called "coronary steal"), and/or reflex 
activation of the sympathetic nervous system, with an 
increase in myocardial oxygen demand. 

Verapamil and diltiazem may be beneficial in patients with 
acute MI without LV systolic dysfunction or clinical CHF 
[35-38] . Whether they are of benefit in patients given 
thrombolytic therapy and/or aspirin is unknown. If LV 
dysfunction, with resultant pulmonary congestion, is 
present, they are clearly detrimental [37] . The Multicenter 
Diltiazem Postinfarction Trial Research Group enrolled 2466 
survivors of acute MI 3 to 15 days previously in a 
comparison of placebo and diltiazem, 240 mg daily, with 
follow-up extending for at least 12 months. Data 
acquisition began in 1983 · and ended in 1986, so that no 
patient received reperfusion therapy or aspirin. As the 
data in Figure 12 (page 19) indicate, diltiazem reduced the 
incidence of fatal and nonfatal MI in those without 
pulmonary congestion; in contrast, it increased the 
incidence of an adverse cardiac event in those with 
pulmonary congestion. 

As displayed in Figure 13 (page 19), the efficacy of 
diltiazem or verapamil in survivors of MI is distinctly 
different from what has been observed with beta blockers, in 
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Figure 12: Cumulative rate of first 
cardiac event (fatal or nonfatal) in 
the treatment groups, broken down 
according to whether pulmonary congestion 
was present or absent. From reference # 37. 

0.4 

0.3 

~!:! 
~ 
..... 
~ 

~ 0.2 UJ 
(.) 

s 
Q 
a: 
(3 

0.1 

DAYS 

Figure 13: Benefit-risk ratios of calcium 
channel and beta blockers based on LV 
systolic function. From reference # 38. 
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that the survival benefit of beta blockers in this patient 
population increases in stepwise fashion as LV systolic 
function worsens, whereas the opposite appears to be true 
with calcium channel blockers. 

In summary, nifedipine has no place in the treatment of 
acute MI. Verapamil anq diltiazem have not been shown to 
reduce mortality after acute MI in patients receiving 
reperfusion therapy and/or aspirin, and in subjects with 
pulmonary congestion they are clearly harmful. Unless 
contraindicated, therefore, beta blockers - - not verapamil 
or diltiazem -- should be given to patients with acute MI. 
The one exception would be the patient with severe 
bronchospastic pulmonary disease with (a) ongoing ischemic 
chest pain or (b) atrial fibrillation and a rapid 
ventricular response, provided, of course, that there is no 
evidence of LV dysfunction, CHF, or atrioventricular block . 
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