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           Introduction. Definition of Antiischemic 
Therapy 

 In a simple way, myocardial ischemia is secondary to a disbal-
ance between oxygen supply in relation to the metabolic 
demands of the myocardium. Figure  1.1  depicts the principal 
components of this equation. In acute coronary syndromes 
plaque rupture and thrombosis play a major role, but other 
factors that decrease oxygen supply or increase myocardial 
metabolic demands contribute to ischemia and may be the 
principal cause of acute ischemia in absence of plaque 
 rupture or coronary artery stenosis.

   Reperfusion therapy constitutes the cornerstone for 
the modern treatment of patients with acute coronary 
 syndromes. Before thrombolysis and percutaneous  coronary 
 revascularization, anti-ischemic therapy was the only effective 
treatment available and beta-blockers, nitrates and calcium 
channel blockers were routinely used in this clinical setting. 
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Today its role is less important; some of the classic drugs 
provide only a marginal benefit and new drugs with well 
 demonstrated anti-ischemic efficacy in chronic  treatments 
have been tested without much success during the first days 
of hours of acute coronary syndromes. Nevertheless, ischemia 
is frequent even after successful modern treatments [ 1 ] and 
anti-ischemic drugs are still needed, in particular for longer 
treatment strategies after the acute phase. 

 A significant number of compounds exert an anti-ischemic 
effect through various mechanism of action, including statins 
and antithrombotic drugs, but the term of anti-ischemic drugs 
is reserve for those with a direct anti-ischemic mechanism of 
action. Table  1.1  summarizes the different categories.

   The content of this chapter is intended to provide the 
available information related to the clinical efficacy of anti- 
ischemic drugs early after acute coronary syndromes and its 
practical role in modern treatment strategies (Table     1.2 ).

       Beta-Blockers 

 β-adrenergic antagonists (beta-blockers) bind selectively to 
the β-adrenoceptors producing a competitive and revers-
ible antagonism of the effects of β-adrenergic stimuli on 
various organs. They play a crucial role in a broad spectrum 
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  Figure 1.1    Myocardial ischemia is the result of multiple  possible 
etiologies that may contribute to an imbalance in myocardial 
 oxygen supply and demand       
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   Table 1.1    Antiischemic drugs and principal mechanisms of action   
 Drug family  Mechanism of action  Anti-ischemic mechanism 
 Betablockers  Blockade of B 

receptors (competitive 
with chatecolamines) 

 Heart rate decrease 

 Decrease contractility 

 Afterload reduction 

 Nitrates  Nitric Oxide donor  Coronary artery 
vasodilation 

 Preload reduction 

 Molsidomine  Nitric Oxide donor  Coronary artery 
vasodilation 

 Preload reduction 

 Nicorandil  Potassium channel 
(KATP) opener 

 Free radical protection 
after reperfusion 

 Nitrate-like effect  Nitrate-like effects 

 Calcium 
channel 
blockers 

 Blockade of voltage- 
gated calcium channels 

 Coronary and peripheral 
arterial vasodilation 

 Decrease cellular Ca+ 
load 

 Decrease contractility 

 Dihidropiridines nitric 
oxide donors 

 Ranolazine  Late Na current 
blockade 

 Decreased ischemia 
induce by Ca+ overload 
secondary to ischemia 

 Decrease cellular Ca+ 
load 

 Ivabradine  If current blockade in 
sinus node 

 Pure reduction of heart 
rate 

 Trimetazidine  Metabolic  Reduction of free radicals 

 Other, 
no direct 
antiischemic 
effect 

 Statins  Endothelia function. 
Other pleiotropic effects 

 Antithrombotics  Improve coronary flow 
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   Table 1.2    Principal indications of anti-ischemic drugs in the early 
phase (fi rst hours/days) of acute coronary syndromes   

 Drug family  Clinical settings 
 Precautions, 
contraindications 

 Betablockers 
oral 

 All cases w/o 
contraindications 

 Hypotension, heart 
failure, hemodynamic 
unstability, AV block, 
Asthma 

 Nitrates  Hypertension, ongoing 
non controlled ischemia, 
heart failure 

 Patients with 
hypotension 

 Molsidomine  Acute setting: None 

 Calcium 
channel 
blockers 

 Acute setting: None  Hypotension, heart 
failure, hemodynamic 
unstability, AV block, 
heart failure 

 Can be used later if 
myocardial ischemia, 
hypertension 

 Ranolazine  Acute setting: None 

 Can be used later if 
myocardial ischemia 

 Ivabradine  Acute setting: None 

 Can be used later if 
heart rate >60 beats/
minute 

 Trimetazidine  Acute setting: None 

of cardiovascular diseases and have demonstrated clinical 
 benefit in patients with unstable angina and acute myocardial 
 infarction [ 2 ]. 

    Mechanism of Action 

 The mechanisms of action of beta-blockers are diverse, not 
yet completely understood and probably with important dif-
ferences between agents. The prevention of the cardiotoxic 
effects of catecholamines plays a central role [ 3 ]. Beta- 
blockers decrease myocardial oxygen demand by reducing 
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heart rate, cardiac contractility, and systolic blood pressure 
[ 4 ]. These are the main anti-ischemic effects. In addition, 
 prolongation of diastole caused by a reduction in heart 
rate may increase myocardial perfusion. Other beneficial 
actions include an antihypertensive effect associated with a 
decrease in cardiac output, inhibition of the release of renin 
and production of angiotensin II, blockade of presynaptic 
β2-adrenoceptors that increase the release of norepineph-
rine from sympathetic nerve terminals. Important in acute 
ischemia, beta-blockers exert a very effective antiarrhyth-
mic action that may explain the reduction in cardiac death 
observed in patients of acute coronary syndromes and heart 
failure. Other more complex mechanisms probably are not 
relevant in the clinical setting of acute coronary syndromes.  

    Clinical Settings. Acute Myocardial Infarction 

 Beta-blockers limit infarct size, reduce life-threatening 
arrhythmias, relieve pain and reduce mortality including sud-
den death [ 2 ,  5 – 11 ]. Two large trials were particularly relevant 
to guide the use of beta-blockers during the first hours of 
AMI. In the First International Study of Infarct Survival 
(ISIS-1) trial [ 8 ] patients within 12 h of evolution were ran-
domised to receive iv atenolol followed by oral administra-
tion for 7 days, or conventional treatment, revealing a 
significant reduction in mortality at 7 days (3.7 % vs 4.6 %; 
equivalent to 6 lives saved per 1,000 treated) (Fig.  1.2 ). The 
benefit was mainly due to a reduction in heart rupture and 
was evident by the end of day 1 and sustained at 1 month and 
1 year. In the other large study, the Metoprolol in Myocardial 
Infarction (MIAMI) [ 9 ], iv metoprolol followed by oral 
administration did not significantly reduce 15-day mortality 
as compared to placebo (4.3–4.9 % (ns)). A metaanalysis of 
28 early trials of iv beta-blockers [ 11 ] revealed an absolute 
reduction of short-term mortality from 4.3 to 3.7 % (7 lives 
saved/1,000 patients treated). This significant albeit small 
benefit was demonstrated before the reperfusion era. Similar 
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findings were reported in a more recent metaanalysis of 52 
trials, most of them including a small number of patients [ 12 ].

   Three trials of randomised iv beta-blockade were con-
ducted after the widespread use of reperfusion therapy in 
AMI [ 13 – 15 ], but the number of events was too small to 
establish clear conclusions. In the second Thrombolysis in 
Myocardial Infarction (TIMI-II) trial [ 13 ], thrombolysed 
patients were randomly assigned to early iv and oral meto-
prolol versus oral administration after day 6. Reinfarction 
and recurrent ischaemia were less frequent in the early beta- 
blocker group and when treatment was administered within 
2 h of symptom onset, there was a reduction of the composite 
endpoint of death or reinfarction. 

 The COMMIT trial [ 15 ] Metoprolol (15 mg iv, then 200 mg 
oral daily) 45,000 Chinese patients with suspected acute 
STEMI within 24 h of evolution were randomly assigned to 
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  Figure 1.2    Cumulative vascular mortality in the groups of patients 
allocated to atenolol and placebo in the ISIS-1 trial (Reprinted with 
permission from ISIS-1 (First International Study of Infarct Survival) 
Collaborative Group [ 8 ])       
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metoprolol (15 mg iv, then 200 mg oral daily) or placebo. 
About half received thrombolytic therapy. Exclusion criteria 
were shock at admission, systolic blood pressure <100 mmHg, 
heart rate <50 bpm and AV block. Mean treatment and fol-
low up was 16 days. The study failed to demonstrate a reduc-
tion of total mortality in patients receiving metoprolol 
(Fig.  1.3 ), the benefit of metoprolol was limited to a reduction 
in arrhythmic dead (1.7 % vs 2.2 %; p < 0.01) and re- infarction 
(2 % vs 2.5 %; p < 0.002), somehow counterbalanced by an 
increase in mortality secondary to cardiogenic shock. The 
overall effect on death, reinfarction, cardiac arrest, or shock 
was significantly adverse during days 0–1 and significantly 
beneficial thereafter. There was substantial net hazard in hae-
modynamically unstable patients, and moderate net benefit 
in those who were relatively stable. The results of this some-
how polemic trial, strongly suggest that intravenous beta- 
blockers should not be routinely used in patients with acute 
myocardial infarction in particular if the present heart failure 
or hemodynamic instability.

   A global metaanalysis including these modern trials still 
provide evidence for benefit (Fig.  1.4 ), although some restric-
tions have to be considered and the metaanalysis includes 
completely different trials belonging to different times [ 15 ].

   Registries offer a practical insight for the use of beta- 
blockers in the reperfusion era. Data from the US National 
Registry of Myocardial Infarction 2 [ 16 ] showed that imme-
diate beta-blocker administration in patients with AMI 
treated with t-PA reduces the occurrence of intracranial 
haemorrhage, although this benefit is small (0.7 % and 
1.0 %; 3 patients/1,000 treated). However, a post-hoc analy-
sis of the first Global utilization of streptokinase and t-PA 
for occluded coronary arteries (GUSTO-I) trial and a sys-
tematic review of the available experience do not support 
the routine, early,  intravenous  use of beta-blockers [ 17 ,  18 ], 
at least when thrombolytic treatment or primary percu-
taneous intervention is performed. New data from the 
PAMI (Primary Angioplasty in AMI) Stent-PAMI, Air-
PAMI and CADILLAC (Controlled Abciximab and Device 
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Investigation to Lower Late Angioplasty Complications) 
trials seem to demonstrate a reduction in mortality when 
beta-blockers are used before primary percutaneous inter-
ventions [ 19 – 21 ]. 
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  Figure 1.3    Death, myocardial infarction or cardiac arrest before 
hospital discharge in the COMMIT trial. No statistical differences 
were observed between metoprolol and placebo (Reprinted with 
permission from COMMIT (ClOpidogrel and Metoprolol in 
Myocardial Infarction Trial) Collaborative Group [ 15 ])       
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 In 13,110 patients with STEMI who received beta- blockers 
during the index hospitalization in the GRACE registry (emery) 
intravenous beta-blocker use (adjusted odds ratio 1.46, 95 % CI 
1.31–1.64, P ≤ 0.0001) and delayed beta-blocker use (after 1st 
24 h) (adjusted odds ratio 1.35, 95 % CI 1.19–1.54, P ≤ 0.0001) 
were associated with a higher composite outcome of death, 
cardiogenic shock, sustained ventricular fibrillation/ventricular 
tachycardia, and new heart failure when compared to early 
(1st 24 h) oral beta-blocker use. There was a reduction in mor-
tality in patients who had delayed beta-blocker administration 
(adjusted odds ratio 0.56, 95 % CI 0.41–0.78, P ≤ 0.001) [ 22 ]. 

 This data suggests that in acute STEMI early intravenous 
beta-blockers and delayed beta-blockers were associated 
with worse short-term outcomes compared with early oral 
administration.  
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  Figure 1.4    Metaanalysis of betablockers in patients with acute myo-
cardial infarction, demonstrating a benefit in outcomes: mortality, 
myocardial infarction and ventricular fibrillation or other cardiac 
arrest (Reprinted    with permission from COMMIT (ClOpidogrel and 
Metoprolol in Myocardial Infarction Trial) Collaborative Group [ 15 ])       
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    Non ST Segment Elevation Acute Coronary 
Syndromes 

 There are few randomised studies with beta-blockers in 
patients with unstable angina and non Q wave myocardial 
infarction [ 23 – 25 ], and the new non-ST elevation ACS termi-
nology makes the analysis of possible effect even more dif-
ficult. Henceforth, the recommendations are based on small 
studies in unstable angina as well as in the evidence in acute 
ST elevation myocardial infarction and stable patients with 
ischaemia and previous myocardial infarction. In fact, there 
are few studies in patients with unstable angina comparing 
beta-blockers with placebo A meta-analysis suggested that 
beta-blocker treatment was associated with a 13 % relative 
reduction in risk of progression to AMI [ 26 ]. A retrospective 
analysis from the Cooperative Cardiovascular Project [ 27 ] 
indicates that the relative risk of death was lower in patients 
with non Q wave myocardial infarction receiving beta- 
blockers. Pooled data from 2,894 patients with acute coronary 
syndromes included in five randomized, controlled trials of 
abciximab during coronary intervention showed a reduc-
tion of 30 day and 60 day mortality associated with the use 
of beta-blockers [ 28 ]. There is no evidence that any specific 
beta-blocking agent is more effective in producing beneficial 
effects in unstable angina and oral therapy should be aimed 
to achieving a target heart rate between 50 and 60 beats per 
minute. 

 In a cohort of 7,106 patients with NSTEMI from the 
GRACE registry [ 29 ], beta-blocker therapy was initiated 
within the first 24 h in 76 % of patients with NSTEMI 
(79 % with Killip class I vs 62 % with class II/III; p < 0.001). 
Failure to initiate beta-blockers within the first 24 h was 
associated with lower rates of subsequent beta-blocker 
therapy and other evidence-based therapies. Early beta-
blocker therapy was correlated with lower hospital mortality 
for NSTEMI patients (OR 0.58, 95 % CI 0.42–0.81) and for 
those with Killip class II/III (OR 0.39, 95 % CI 0.23–0.68) 
with a trend toward lower mortality in the Killip class I group 
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(OR 0.77, 95 % CI 0.49–1.21). At 6 months post discharge, 
early BB use was associated with lower mortality in NSTEMI 
patients (OR 0.75, 95 % CI 0.56–0.997) with a trend toward 
lower mortality in patients with Killip class I or II/III. 

 Beta-blockers can increase coronary artery tone and are 
contraindicated in vasospastic angina without obstructive 
lesions [ 30 ].  

    Adverse Events 

 In general, β-adrenergic inhibitors are well tolerated, but seri-
ous side-effects may occur, especially when these agents are 
used in large doses [ 2 ]. Beta-blockers reduce heart rate and 
may cause extremebradycardia and AV block. Beta-blockers 
can also increase the coronary vasomotor tone, in part 
because of unopposed α-adrenergic mediated vasoconstric-
tion. Beta-blockers can lead to a life-threatening increase in 
airway resistance and are contraindicated in patients with 
asthmaor bronchospastic chronic obstructive pulmonary dis-
ease. In some patients with chronic obstructive pulmonary 
disease, the potential benefit of using beta-blockers may 
 outweigh the risk of worsening pulmonary function.  

    Contraindications 

 The contraindications to initiate beta-blocker treatment 
include asthma, symptomatic hypotension or bradycardia and 
severe decompensated heart failure. Contraindications may 
be relative, in patients in whom the benefit of therapy may 
outweigh the risk of untoward effects. Chronic obstructive 
lung disease without bronchospastic activity and peripheral 
vascular disease are not considered as absolute contraindica-
tions and high risk patients may obtain a significant benefit 
from this therapy [ 27 ,  28 ]. Diabetes or intermittent lower 
limb claudication are not absolute contraindications for beta-
blockers use [ 2 ]. Heart failure during the acute  setting of 
myocardial infarction is a formal contraindication for the use 
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of intravenous beta-blockers. However, oral beta- blockers 
can be safely administered in patients with heart failure when 
the patient is stable and without need of intravenous inotro-
pic support [ 31 ].  

    Drug Interactions 

 Beta-blockers may show pharmacokinetic and pharmacody-
namic interactions with other drugs [ 2 ]. Aluminium salts, 
cholestyramine, and colestipol may decrease the absorption 
of beta-blockers. Alcohol, phenytoin, rifampicin, and pheno-
barbital, as well as smoking, induce hepatic biotransforma-
tion enzymes and decrease plasma concentrations and 
elimination half-lives of lypophilic beta-blockers. Cimetidine 
and hydralazine may increase the bioavailability of propran-
olol and metoprolol by reducing hepatic blood flow. Caution 
should be exercised in patients who are taking verapamil, 
diltiazem or various antiarrhythmic agents, which may 
depress sinus-node function or AV conduction. Additive 
effects on blood pressure between beta-blockers antagonists 
and other antihypertensive agents are often observed. 
Indometacin and other nonsteroidal anti-inflammatory drugs 
antagonize the antihypertensive effects of beta-blockers.  

    Dosing of Beta-Blockers 

 Appropriate dosing of beta-blockers varies with the clinical 
characteristics of the patient and the selected beta-blocker. 
Atenolol, metoprolol and carvedilol are the beta-blockers 
with the largest experience in the setting of acute coronary 
syndromes.   

    Calcium Channel Blockers 

 Calcium Channel Blockers (CHB) exert an anti-ischaemic 
effect through several mechanisms. The reduce afterload 
as the decrease blood pressure and contractility, have a 
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 vasodilatory effect in the coronary arteries and non-hydrop-
iridines reduce heart rate [ 32 ]. Clinical trials with verapamil, 
diltiazem and nifedipine failed to demonstrate a consistent 
significant benefit in patients with acute coronary syndromes 
in studies conducted in the early 1980s with low use of antiag-
gregants, beta-blockers, statins, and revascularization. In the 
DAVIT-1 trial, treatment was started with 0.1 mg/kg vera-
pamil i.v. and 120 mg/day orally on admission followed by 
120 mg three times daily, or matched placebo. Mortality and 
reinfarction rates were similar in both groups of treatment 
during hospitalization and after 6 and 12-month follow-up 
of continuous treatment [ 33 ] (Fig.  1.5 ). In the Multicenter 
Diltiazem Reinfarction Study, conducted in 576 patients 
recovering from acute non-Q-wave MI treated with either 
diltiazem or placebo, treatment was initiated 24–72 h after the 
onset of MI and continued for 14 days. Active treatment did 
not modify total mortality, but reduced the early reinfarction 
rate compared with placebo (9.3 % vs 5.2 %, P < 0.03) [ 34 ]. 
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  Figure 1.5    Mortality rate was similar in the groups treated with 
verapamil and placebo in the DAVIT-1 trial in patients with acute 
myocardial infarction (Reprinted with permission from The Danish 
Study Group on Verapamil in Myocardial Infarction [ 33 ])       
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In another prospective, randomized, double-blind, sequential 
trial in 874 patients with acute myocardial infarction, but 
without congestive heart failure, who first received throm-
bolytic agents (INTERCEPT trial), patients received either 
oral diltiazem or placebo, initiated within 36–96 h of infarct 
onset, and given for up to 6 months. Diltiazem did not reduce 
the cumulative occurrence of cardiac death, nonfatal rein-
farction, or refractory ischemia during a 6-month follow- up 
(Fig.  1.6 ), but the need for revascularization was lower in the 
diltiazem group [ 35 ]. There is no information related to the 
possible benefit of CCB in patients with ACS treated accord-
ing to contemporary strategies.

    Hydropiridines have been also tested in acute coronary 
syndromes, and no benefit could be demonstrated in any of 
the trials. The NAMIS study [ 36 ] found that in patients with 
ischemic pain of >45 min duration nifedipine therapy (20 mg 
orally every 4 h for 14 days) did not prevent progression of 
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threatened myocardial infarction to the acute event or limit 
infarct size in patients who experienced infarction. Among the 
171 patients randomly assigned to drug or placebo, 6 months 
mortality did not differ between both groups (8.5 % for pla-
cebo vs 10.1 % for nifedipine), but mortality in the 2 weeks 
after randomization was significantly higher for nifedipine- 
treated patients (0 % for placebo vs 7 % for nifedipine, 
P = 0.018). The results indicate that nifedipine did not reduce 
the likelihood of progression from threatened myocardial 
infarction (TMI) to acute MI. In addition, nifedipine did not 
limit infarct size in those patients with TMI in whom infarc-
tion evolved or in patients in whom infarction was already in 
progress at the time of randomization. The reason for the lack 
of beneficial effect may have been the detrimental effects of 
the reduction in coronary blood flow caused by nifedipine-
induced hypotension that may outweighed the beneficial 
effects of a decrease in afterload produced by the drug. 

 Accordingly, there is no evidence to recommend the rou-
tine use of calcium channel blockers as anti-ischemic therapy 
in patients with acute coronary syndromes.  

    Nitrates 

 Nitrates have been the all-time anti-ischemic agents in 
patients with acute coronary syndromes, chronic angina and 
secondary prevention. They quickly relieve acute episodes of 
angina and sublingual administration of short acting nitrates 
have been and still are the recommended medication to 
jugulate acute episodes of angina. In a small percentage of 
patients, nitroglycerin can open an otherwise occluded coro-
nary artery during an episode of chest pain (Fig.  1.7 ).

   Nitrates produce nonspecific smooth muscle relaxation 
through direct tissue action. This effect is independent of any 
known neurotransmitter [ 37 ]. At the level of the smooth 
muscle fiber, nitrates facilitate formation of nitric oxide (NO) 
that stimulates guanalyl cyclase activity, and increases the 
intracellular concentration of cGMP. CGMP decreases the 
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intracellular concentration of free calcium, thereby causing 
smooth-muscle relaxation. Nitrates may combine with endog-
enous sulfhydryl groups, forming S-nitrositols (R-SNO) that 
subsequently converts to NO. Under physiologic conditions, 
the endothelium releases NO that acts as an endogenous 
nitrate, producing coronary vasodilation. In patients with 
ischemic heart disease, in whom the coronary endothelium is 
damaged, nitrates induce the formation of NO in smooth 
muscle cells, producing vasodilatation. Nitrates, present 
tachyfilaxia, and its effect disappears with time [ 38 ]. 

 The primary action of nitrates is vasodilation, which is 
attributable primarily to nitrate-induced relaxation of vascular 
smooth muscle in veins, arteries, and arterioles. The metabolic 

NTG
a b

c d

  Figure 1.7    Coronary angiography in a patient with acute myo-
cardial infarction. ( a ) Complete proximal occlusion of the left 
anterior descending coronary artery. ( b ) Restoration of flow after 
administration of nitroglycerine. ( c ,  d ) Final results after coronary 
angioplasty       
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conversion of organic nitrates to nitric oxide (NO) at or near 
the plasma membrane of the vascular smooth muscle cell rep-
resents the cellular basis for the vasodilatory action of these 
compounds. Believed to be an endothelium-derived relaxing 
factor (EDRF), NO is an important endogenous modulator of 
vascular tone. Nitrate administration has been viewed as a 
means of providing an exogenous source of NO that may help 
replenish or restore the actions of EDRF, which are usually 
impaired in patients with coronary artery atherosclerosis. 

 The reduction in right and left ventricular preload result-
ing from peripheral vasodilation, particularly in the splanch-
nic and mesenteric circulations, combined with afterload 
reduction resulting from arterial vasodilation, decreases car-
diac work and lowers myocardial oxygen requirements. As a 
consequence, the ratio of myocardial oxygen demand to 
myocardial oxygen supply improves, and myocardial isch-
emia is alleviated. Because of their hemodynamic profile, 
nitrates are particularly useful in patients with impaired LV 
systolic function or heart failure. Additionally, both direct 
vasodilator effect of nitrates on the coronary bed and drug- 
induced prevention of episodic coronary artery vasoconstric-
tion can increase global and regional myocardial blood flow, 
improving the subendocardial-epicardial blood flow ratio. 
Enlargement of obstructive atherosclerotic lesions contain-
ing intact vascular smooth muscle can increase the caliber of 
some stenoses, improving coronary flow. Nitrates also have 
been shown to dilate coronary collateral vessels, reverse 
vasoconstriction of small coronary arteries distal to a coro-
nary obstruction, and reduce platelet aggregation. 

    Clinical Benefit 

 Few earlier trials prospectively randomized patients with 
acute coronary syndromes to explore the clinical efficacy of 
nitrates and most information is focusing on infarct size, 
enzymatic release and other surrogates for clinical efficacy; 
besides, the number of patients we were very small to draw 
conclusions. 
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 In one of such trials, Judgutt et al. [ 39 ] 310 patients were 
randomly allocated to i.v. niroglycerin and control groups. 
Nitroglycerin infusion was titrated to lower mean blood 
pressure by 10 % in normotensive and 30 % in hypertensive 
patients, but not below 80 mmHg, and was maintained for 39 h. 

 Compared with controls, nitroglycerin decreased creatine 
kinase infarct size. Other indexes of infarct size (i.e. left ven-
tricular asynergy, left ventricular ejection fraction, and Killip 
class score) also improved. Infarct-related major complica-
tions were less frequent in the NG than the control groups: 
infarct expansion syndrome, left ventricular thrombi throm-
bus, cardiogenic shock and infarct extension. Mortality was 
less in NG than in control groups in-hospital (14 % vs 26 %, 
p < 0.01), at 3 months (16 % vs 28 %, p < 0.025) and 12 months 
(21 % vs 31 %, p < 0.05), but this advantage was only found in 
patients with anterior Q wave infarction. Greater benefit on 
infarct size occurs with early timing (<4 h) and target mean 
blood pressure ≥80 mmHg. 

 These fantastic results prompted the organization of sev-
eral megatrials in order to ascertain that nitrates should be 
routinely used in all patients with acute coronary syndromes. 
None demonstrated any relevant clinical benefit. 

 The GISSI-3 study was a multicentre randomized clinical 
trial to assess the efficacy of lisinopril, transdermal glyceryl 
trinitrate, and their combination in improving survival and 
ventricular function after acute myocardial infarction [ 40 ]. 
The GISSI-3 trial randomly assigned 19,394 patients within 
24 h of symptom onset to a 24-h infusion of nitroglycerin 
(beginning within 24 h of onset of pain), followed by topical 
nitroglycerin (10 mg daily) for 6 week (with patch removed 
at bedtime, allowing a 10-h nitrate-free interval to avoid tol-
erance), or control. Approximately 50 % of patients in the 
control group received nitrates on the first day or two at the 
discretion of their physician, a major mistake in the design of 
the trial. There was an insignificant, and certainly non clinical 
relevant, reduction in mortality at 6 weeks in the group ran-
domly assigned to nitrate therapy alone, compared with the 
control group (6.52 % vs 6.92 %, respectively) (Fig.  1.8 ). 
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There were no significant differences between nitroglycerin- 
allocated and control patients in rates of reinfarction, revas-
cularization procedures, persistent hypotension or renal 
dysfunction. The nitrate group had a lower rate of reinfarc-
tion angina (P = 0.03) and cardiogenic shock (P = 0.009). 
However, there was a significant excess of stroke rate in the 
nitrate group compared with controls (P = 0.027).

   Another megatrial was organized to demonstrate that 
5-isosorbide mononitrate, and oral nitrate with somehow a 
prolonged action for several hours. The purpose of the ISIS 4 
study [ 41 ] was the reliable assessment of the effects on mor-
tality and major morbidity of the addition of three widely 
used treatments in patients with definite or suspected acute 
myocardial infarction. 58,050 patients were randomized in a 
“2 × 2 × 2 factorial” design. The treatment comparisons were: 
(1) 1 month of oral captopril versus matching placebo; (2) 1 
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  Figure 1.8    Survival curves in patients with acute myocardial infarc-
tion treated with nitroglycerine or placebo in the GISSI-3 trial 
(Reprinted with permission from Gruppo Italiano per lo Studio 
della Sopravvivenza nell’infarto Miocardico [ 40 ])       
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month of oral controlled-release mononitrate (30 mg initial 
dose titrated up to 60 mg once daily) versus matching pla-
cebo, and (3) 24 h intravenous magnesium sulphate versus 
open control. Patients entering in the study up to 24 h 
(median 8 h) after the onset of suspected acute MI. At 
5-weeks follow-up, there were 2,129 (7.34 %) deaths 
recordedamong 29,018 mononitrate-allocated patients com-
pared with 2,190 (7.54 %) among 29,032 patients allocated 
matching placebo (P = 0.3) (Fig.  1.9 ). Follow-up to 1 year did 
not indicate any further divergence or convergence of the 
survival curves following 1 month of oral mononitrate. There 
were not differences in the incidence of reinfarction, post 
infarction angina or heart failure, but severe hypotension 
requiring termination of study treatment was more frequent 
in the nitrate group (8.1 % mononitrate vs 6.7 % placebo, 
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  Figure 1.9    Mortality in patients with acute myocardial infarction 
treated with 5-isosorbide monotitrate or placebo in the ISIS 4 trial 
(Reprinted with permission from ISIS-4 (Fourth International 
Study of Infarct Survival) Collaborative Group [ 41 ])       

 

J. Lopez-Sendón and E.L. de Sá



21

P < 0.0001). The high number of patent included in the trial 
permitted to explore different subgroups, but the study was 
consistently neutral in all.

   A meta-analysis including the GISSI 3 and ISIS 4 data in 
addition of 20 small trial (11 by intravenous and by 9 oral 
administration) involving over 81,000 patients indicates that 
the role of nitrates in the treatment of acute coronary  syndromes 
is marginal [ 41 ] and its use should be restricted to control 
hypertension, pulmonary congestion or refractory ischemia.   

    Molsidomine 

 In the believe that nitric oxide donors were potentially highly 
beneficial to control acute or chronic ischemia, other com-
pounds were investigated in this clinical settings. In the 
ESPRIM trial, molsidomine, with and active metabolite, linsi-
domine, a nitric oxide donor was compared with placebo in a 
large-scale trial including 4,017 patients with acute myocardial 
infarction. Patients without signs of overt heart failure (Killip 
III/IV) were randomly assigned in a double-blind design 
within 24 h of symptom onset to receive molsidomine 1 mg/h 
intravenously for 48 h, followed by 16 mg molsidomine by 
mouth daily for 12 days, or an identical placebo [ 42 ]. The mol-
sidomine and placebo groups showed similar all- cause 35-day 
mortality (8.4 % vs 8.8 %, p = 0.66), Similarly, no differences 
were found for long-term mortality (   mean follow- up 13 
months; 14.7 % vs 14.2 %, p = 0.67) (Fig.  1.10 ). The two groups 
showed similar frequencies of major and minor adverse events; 
only headache was significantly more common in the molsido-
mine group. It is still not clear whether nitric oxide donors can 
improve survival in higher-risk myocardial infarction patients.

       Nicorandil 

 Adenosine triphosphate sensitive potassium channel open-
ers (KATP) exert cardioprotectiveeffects in ischemic myo-
cardium mimicking ischemic preconditioning. Nicorandil is 
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a KATP channel opener with additional properties similar 
to those of nitrate nitrates [ 43 ]. Several studies have been 
conducted in patients with acute myocardial infarction with 
and without reperfusion, trying to demonstrate some pro-
tective effect of nicorandil. The largest study, the J-MIND 
[ 44 ] included 545 patients with acute infarction undergoing 
reperfusion and failed to demonstrate benefit on the primary 
endpoint (infarct size measured by creatin kinase levels 
and Leith ventricular function evaluated with ventricular 
agiography). 

 In a meta-analysis of 17 studies including over 1,500 
patients [ 45 ] nicorandil treatment reduced the incidence of 
TIMI flow grade ≤2 in the culprit artery, was associated with 
greater LVEF than placebo and no beneficial effect was 
observed on the peak creatine kinase value. 

 In conclusion, nicorandil treatment adjunctive to reperfu-
sion therapy has some beneficial effects on microvascular 
function and on functional recovery after AMI but there is no 
clinical evidence of benefit and hence no indication in acute 
coronary syndromes.  
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  Figure 1.10    Survival curves for patients allocated to molsidomine 
or placebo in the ESPRIM trial (Reprinted with permission from 
European Study of Prevention of Infarct with Molsidomine 
(ESPRIM) Group [ 42 ])       
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    Ranolazine 

 Ranolazine, a piperazine derivative, selectively inhibits the 
late inward sodium current (late I Na ) [ 46 ], a pathological cur-
rent which occurs in ischemic conditions. Blocking late I Na  
attenuates ischemia related myocardial sodium overload and, 
subsequently, intracellular calcium overload, a mediator of 
further myocardial ischemia. It is thought that the reduction 
in diastolic calcium overload improves myocardial relaxation 
and reduces left ventricular diastolic stiffness, which in turn 
may enhance myocardial perfusion and reduce subendocar-
dial oxygen demand. Ranolazine produces anti-ischemic 
effects without depressing hemodynamic function while 
exerting minimal effects on heart rate and blood pressure. 
Ranolazine is approved for the treatment of chronic angina. 

 The MERLIN trial was designed to explore the efficacy of 
ranolazine against placebo in patients with acute coronary 
syndromes. The trial included 6,560 patients within 48 h of 
ischemic symptoms [ 47 ]. Ranolazine was initiated intrave-
nously and followed by oral ranolazine extended-release 
1,000 mg twice daily, or matching placebo. The primary effi-
cacy end point was a composite of cardiovascular death, 
myocardial infarction, or recurrent ischemia through the end 
of study. And was not significantly different in the ranolazine 
and placebo groups (21.8 % vs 23.5 %, p = 0.11). Recurrent 
ischemia was reduced in the ranolazine group (13.9 %) vs 
16.1 %, p < 0.03 and in patients with chronic angina reduced 
the composite outcome of cardiovascular death and myocar-
dial infarction [ 48 ]. The trial concluded that the effect was not 
enough to recommend ranolazine in acute coronary syn-
dromes but the trial provided support for the safety and 
efficacy of ranolazine to treat chronic stable angina.  

    Trimetazidine 

 Trimetazidine is an antianginal agent that has no negative 
inotropic or vasodilator properties. Although it is thought to 
have direct cytoprotective actions on the myocardium, the 
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mechanisms by which this occurs are not completely defined 
but probably it shifts cardiac energy metabolism from fatty 
acid oxidation to glucose oxidation by inhibiting mitochon-
drial enzymes [ 49 ]. 

 The EMIP–FR (European Myocardial Infarction Project – 
Free Radicals) was a prospective, double-blind, European 
multicentre trial compare the effect of trimetazidine versus 
placebo administered to 19,725 patients during the acute 
phase of myocardial infarction (within the first 24 h) on long 
and short-term mortality [ 50 ]. Stratification was according 
to thrombolytic therapy (56 %) or not (44 %). An intrave-
nous bolus injection of trimetazidine (40 mg) was given just 
before or simultaneously with thrombolysis, followed by 
continuous infusion (60 mg/24 h) for 48 h. Overall, no differ-
ence was found between trimetazidine and placebo for the 
main end- point, short-term (35-day) mortality, (P = 0.98) in 
an intention-to- treat analysis. This was the result of opposing 
trends in the two strata. Thrombolysed patients showed a 
tendency towards more short-term deaths with trimetazidine, 
compared to placebo (11.3 %, vs 10.5 %, p = 0.15) and non 
thrombolysed patients the converse (trimetazidine: 14.0 %, 
placebo: 15.1 %, p = 0.14). For non thrombolysed patients, 
in a per-protocol analysis the beneficial effect of trimetazi-
dine became statistically significant (trimetazidine: 13.3 %, 
 placebo: 15.1 %, P = 0.027). 

 In conclusion, trimetazidine does not reduce mortality in 
patients undergoing thrombolytic therapy; however, it might 
have some beneficial effect fornon thrombolysed patients.  

    If Channel Blockers. Ivabradine 

 Heart rate plays a major role in some major factors related 
with the pathophysiology of ACS. Increased heart rate is 
associated with endothelial dysfunction, plaque instability 
and ruptureand a decreased threshold for ventricular fibrilla-
tion. A high heart rate in patients with ACS increases  cardiac 
work and myocardial oxygen consumption, and reduces 
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 diastolic myocardial perfusion time. This can produce an 
imbalance between myocardial oxygen demand and sup-
ply, contributing to ischemia in patients with ACS [ 51 ]. In 
addition, after an acute complete coronary artery occlusion, 
collateral circulation plays a crucial role and is related to 
prognosis and collaterals are much more frequently visible 
on angiography in presence lower hear rates. 

 In the contemporary Global Registry of Acute Coronary 
Events (GRACE), including patients with ST-elevation myo-
cardial infarction (STEMI), non-STEMI, and unstable angina, 
heart rate was an independent prognostic factor in an elabo-
rated model, with an attributable risk for in-hospital and 
post-discharge mortality of 5–10 % for each 10 bpm increase 
in heart rate [ 52 ]. Similar findings were observed in other tri-
als and registries [ 53 ]. Despite of this evidence, A relatively 
recent observational study demonstrated that only a minority 
of post-ACS patients (5.3 %) treated according to current 
guidelines reached the recommended level of heart rate dur-
ing their hospital stay [ 54 ]. 

 Some of the benefit obtained with beta-blockers in 
patients with ACS may be derived from a reduction in heart 
rate, with a direct relationship between the obtained heart 
rate reduction and the reduction in infarct size, reinfarction, 
and clinical outcomes including mortality [ 55 ]. This relation-
ship has not been demonstrated with calcium channel 
blockers. 

 Ivabradine, the only available selective inhibitor of the  I  f  
current, reduces heart rate without affecting cardiac contrac-
tility or blood pressure. In experimental models, ivabradine 
reduced oxygen consumption, increased myocardial blood 
flow, improved endothelial and myocardial function, and 
reduced infarct size [ 55 ]. 

 In the VIV I fY trial intravenous ivabradine reduce heart 
rate and left ventricular volume as compared with placebo in 
patients with STEMI and primary PCI. This pilot trial showed 
that the use of the drug was safe and opens an opportunity to 
explore a new family drugs for the treatment of ischemia in 
patients with acute coronary syndromes.  
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    Conclusions 

 Anti-ischemic agents still play a role in acute coronary syn-
dromes in the reperfusion era. However, only betablockers 
can be recommended as a routine treatment in absence of 
contraindications. Beta-blockers should be started  per os  as 
soon as possible and its intravenous administration should be 
reserved for special cases such as patients with severe 
arrhythmias. Other antiischemic therapies should only be 
considered in special situations and for the treatment of myo-
cardial ischemia after the acute episode.     
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