
STEMI 



Laboratory Findings 
Serum and Plasma Markers of Cardiac 
Damage 
ÅProteins released into the blood from damaged myocardial 

cells can indicate myocardial injury.  

ÅEven though the availability of serum and plasma cardiac 
markers with greatly enhanced sensitivity for myocardial 
injury has enabled clinicians to identify much lower levels of 
injury, biochemical tests of myocardial injury provide no direct 
insight into the cause of the damage. 

Å MI is the diagnosis given to myocardial injury that results 
from ischemia (Fig. 58.16). 



 



ÅOther nonischemic insults, such as myocarditis or direct 
myocardial toxins, may result in myocardial injury but should 
not be labeled MI. Moreover, the enhanced ability to detect 
myocardial damage has increased the number of cases of 
myocardial injury that result from nonςplaquerelated  clinical 
events, thus necessitating the establishment of new criteria 
for MI that place the injury in clinical (see Tables 

Å58.1 to 58.3). 









ÅClinicians should not wait for the results of biomarker assays 
to initiate treatment of patients with STEMI. Given the 
urgency for reperfusion in patients with STEMI, a rapid clinical 
assessment and the 12-lead ECG should serve to initiate such 
strategies. 

ÅNecrosis compromises the integrity of the sarcolemmal 
membrane; intracellular macromolecules (serum and plasma 
cardiac markers) begin to diffuse into the cardiac interstitium 
and ultimately into the microvasculature and lymphatics in the 
region of the infarct (Fig. 58.17; see Table 58.3). 







ÅThe rate of appearance of these macromolecules in the 
peripheral circulation depends on several factors, including 
intracellular location, molecular weight, local blood and 
lymphatic flow, and the rate of elimination from blood. 

ÅCardiac-Specific Troponins 

ÅThe preferred biomarker to detect myocardial injury is cardiac 
troponin, which consists of three subunits that regulate the 
calcium-mediated contractile process of striated muscle. 



ÅThese subunits include troponin C, which binds Ca2+; troponin 
I (TnI), which binds to actin and inhibits actin-myosin 
interactions; and troponin T (TnT), which binds to  
tropomyosin, thereby attaching the troponin complex to the 
thin filament (Fig. 58.17). Although most TnT s incorporated in 
the troponin complex, approximately 6% to 8% is dissolved in 
the cytosol; in contrast, approximately 2% to 3% of TnI is 
found in a cytosolic pool. 

ÅFollowing myocyte injury, the initial release of cardiac-specific 
TnT and TnI is from the cytosolic pool, followed subsequently 
by release of the myofilament-bound protein. 



ÅDifferent genes encode TnT and TnI in cardiac and skeletal 
muscle, thus permitting the production of specific antibodies 
for the cardiac forms (cTnT and cTnI), which enables 
quantitative measurement. Detection of a rise and fall in cTnT 
or cTnI in the appropriate clinical setting is the cornerstone of 
the diagnostic criteria for MI. 

ÅWhen interpreting the results of assays for cTnT or cTnI, 
clinicians must recognize several analytic issues. Multiple 
manufacturers produce cTn assays using different troponin 
epitopes for detection, which has resulted in varying reference 
levels. 

 



ÅIn patients with MI, concentrations of cTnT and cTnI detected 
by conventional assays (nonςhigh-sensitivity) can be detected 
approximately 3 hours after the onset of chest pain. 

ÅBecause of continuous release from a degenerating contractile 
apparatus in necrotic myocytes, elevations in cTnI may persist 
for 7 to 10 days after MI; elevations in cTnT may persist for up 
to 10 to 14 days (Fig. 58.17). 



ÅThe prolonged time course of the elevation in cTnT and cTnI is 
advantageous for the late diagnosis of MI. Patients with STEMI 
who undergo successful recanalization of the infarct-related 
artery have a rapid release of cardiac troponins, which can 
indicate reperfusion (Fig. 58.18). 

 





ÅHIGH-SENSITIVITY CARDIAC TROPONIN. 

ÅHigh-sensitivity assays deliver enhanced analytic performance, 
thus enabling more precise measurement of very low 
concentrations of cardiacspecific troponin.  

ÅExperts recommend that the term high-sensitivity troponin 
(hsTn) be reserved for assays that can detect cardiac troponin 
in more than 50% of an apparently healthy population. 

ÅSuch assays have greater sensitivity than previous-generation 
assays, but also have diminished clinical specificity for MI 
because they detect true myocardial injury in a variety of 
other clinical settings. 



ÅIn addition, high-sensitivity assays likely detect troponin 
release much earlier than older-generation assays 
Nevertheless, in multiple studies of patients with 
nontraumatic chest pain, hsTn assays have improved overall 
diagnostic accuracy and enabled earlier detection of 
myocardial injury. 

ÅMoreover, hsTn assays facilitate the adoption of criteria for 
rapidly changing concentration of troponin over periods as 
short as 1 to 3 hours that aid in discriminating acute 
myocardial injury from chronically elevated values caused by 
underlying structural heart disease (e.g , left ventricular 
hypertrophy).  



Å¦ǎŜ ƻŦ ǎǳŎƘ άŘŜƭǘŀέ ŎǊƛǘŜǊƛŀ Ŏŀƴ ƛƳǇǊƻǾŜ ǘƘŜ ŎƭƛƴƛŎŀƭ ǎǇŜŎƛŦƛŎƛǘȅ 
of diagnostic testing with cardiac troponin as well as permit 
rapid exclusion of MI in patients without changing values of 
hsTn. 

ÅCreatine Kinase MB Isoenzyme 

ÅIf a cardiac-specific troponin assay is not available, CK-MB 
measured with a mass assay is he best alternative. Cardiac 
muscle contains both the MM and the MB isoenzyme of CK. 
Other tissues can contain small quantities o CK-MB, including 
the small intestine, tongue, diaphragm, uterus, and prostate. 
Strenuous exercise, particularly in trained long-distance 
runners or professional athletes, can elevate both total CK and 
CK-MB. 



ÅBecause CK-MB can be detected in the blood of healthy 
persons, the cutoff value for abnormal elevation of CK-MB is 
usually set a few units above the upper reference limit (URL) 
for a given laboratory (see Fig. 58.17).  

ÅAs with cardiac-specific troponin, the diagnosis of MI requires 
a maximal concentration of CK-MB exceeding the 99th 
percentile of values for sex-specific reference levels on two 
successive samples in a rise-and fall pattern. CK-MB may rise 
in circumstances involving severe skeletal muscle injury. 



Recommendations for Measurement of 
Circulating Markers 

ÅAll patients with suspected MI should undergo measurement 
of cardiac-specific troponin as soon as possible at the initial 
encounter. 

ÅIn patients with STEMI the results of biomarker assessment 
should not delay interventions to achieve immediate 
reperfusion. From a cost-effectiveness perspective, measuring 
both a cardiac-specific  troponin and CK-MB is unnecessary. 
Use of conventional troponin assays permit the routine 
diagnosis of MI by obtaining measurements at initial 
evaluation and then 3 to 6 hours later (see Table 58.1). 



ÅThe use of high-sensitivity assays can reduce the interval 
between testing to 1 to 2 hours in patients without diagnostic 
ECG changes. Emerging data suggest that an initial hsTn value 
below the limit of detection may provide a sufficiently high 
sensitivity and negative predictive value to enable discharge. 

Å Later testing is required only when uncertainty exists 
regarding the onset of pain or when stuttering symptoms 
occur. 

ÅTesting beyond 2 hours from hospital arrival should also be 
considered for patients who arrive very early (<2 hours) after 
symptom onset. 



Other Biomarkers 

ÅOther biomarkers may be used noninvasively to assess the 
potential causes and complications of MI. C-reactive protein 
(CRP) rises substantially in the setting of STEMI as a result of 
the inflammatory response to myocyte necrosis and is 
associated with the subsequent risk for death or HF.  

ÅNatriuretic peptides reflect the hemodynamic impact of the 
MI and are associated with prognosis. 

 

ÅAlthough both natriuretic peptides and CRP enhance risk 
assessment, no clear guidance is available on how to direct 
specific therapeutic maneuvers in the setting of STEMI based 
on these biomarkers. 

 



Other Laboratory 
Measurements 
Å Serum Lipids 

ÅDuring the first 24 to 48 hours after admission, total 
cholesterol and high-density lipoprotein (HDL) cholesterol 
remain at or near baseline values, but they generally fall after 
that.  

ÅThe fall in HDL cholesterol after STEMI is greater than the fall 
in total cholesterol; thus the ratio of total cholesterol to HDL 
cholesterol is no longer useful for risk assessment unless 
measured early after MI. 



ÅAll patients with STEMI admitted within 24 hours of symptom 
onset should have a lipid profile although regardless of lipid 
levels and unless contraindicated, all patients with STEMI 
should receive high-intensity statin therapy.  

ÅLipid levels may stil be clinically useful for patients admitted 
beyond 24 to 48 hours, but further measurements 4 to 8 
weeks after MI provide more informative determination of 
serum lipid concentrations. Increased triglycerides may offer 
additional risk stratification beyond LDL and HDL cholesterol 
levels. 



Hematologic Findings 
ÅElevation of the white blood cell count usually develops within 

2 hours after the onset of chest pain, reaches a peak 2 to 4 
days after infarction, and returns to normal in 1 week; the 
peak leukocyte count generally ranges between 12 and 15 × 
103/mL but occasionally rises to as high as 20 × 103/mL in 
patients with large STEMI. 

 

ÅFrequently, there is an increase in the percentage of 
polymorphonuclear leukocytes and a left shift of the 
differential count. In epidemiologic studies, higher white blood 
cell counts at initial evaluation in patients with an ACS are 
associated with an increased risk for adverse clinical outcomes. 



ÅThe erythrocyte sedimentation rate (ESR) is usually normal the 
first couple days after infarction. It then rises to a peak on the 
fourth or fifth day and may remain elevated for several weeks.  
The increase in the ESR does not correlate well with the size of 
the infarction or with prognosis. 

 

Å The hematocrit often increases during the first few days after 
infarction as a consequence of hemoconcentration. The 
hemoglobin value at initial evaluation of a patient with STEMI 
is strongly associated with the risk of recurrent major 
cardiovascular events following a J-shaped relationship. 



ÅCardiovascular mortality increases progressively as the initial 
hemoglobin value falls below 14 to 15 g/dL; conversely, it also 
rises as the hemoglobin level increases above 17 g/dL.  

 

ÅThe increased risk from anemia is probably related to 
diminished tissue delivery of oxygen, whereas the increased 
risk with polycythemia may be relates to an increase in blood 
viscosity. 



ST-Elevation Myocardial Infarction: 
Management 

ÅPREHOSPITAL MANAGEMENT 

ÅGiven the progressive loss of functioning myocytes with 
persistent occlusion of the infarct related artery in STEMI, 
initial management aims to restore blood flow to the infarct 
zone as rapidly as possible. Primary PCI is generally the 
preferred option, provided that an experienced operator and 
team can perform it in timely fashion. 

 

 



Å Missed opportunities for improvement in the care of STEMI 
include failure to deliver any form of reperfusion therapy in 
approximately 15% of patients and failure to minimize delays 
in reperfusion because of inefficient systems of care 

 

 

ÅThe prehospital care of patients suspected of having STEMI 
bears directly on the likelihood of survival Most deaths 
associated with STEMI occur within the first hour of its onset 
and usually result from ventricular fibrillation (VF). 

  



ÅMajor components of the time from the onset of 
ischemic symptoms to reperfusion include (1) the time 
for the patient to recognize the problem and seek 
medical attention; (2) prehospital evaluation, treatment, 
and transportation; (3) the time for diagnostic measures 
and initiation of treatment in the hospital (e.g., door-to-
ƴŜŜŘƭŜέ ǘƛƳŜ ŦƻǊ ǇŀǘƛŜƴǘǎ ǊŜŎŜƛǾƛƴƎ ŀ fibrinolytic agent 
ŀƴŘ άŘƻƻǊ-to-ŘŜǾƛŎŜέ ǘƛƳŜ ŦƻǊ ǇŀǘƛŜƴǘǎ ǳƴŘŜǊƎƻƛƴƎ ŀ 
catheter-based reperfusion strategy); and (4) the time 
from initiation of treatment to restoration of flow. 

 



ÅHealth care professionals should heighten the level of 
awareness of patients at risk for STEMI (e.g. those with 
hypertension, diabetes, history of angina pectoris). They 
should use each patient encounter as ŀ άǘŜŀŎƘŀōƭŜ ƳƻƳŜƴǘέ 
to review and reinforce with patients and their families the 
need to seek urgent medical attention for a pattern of 
symptoms that includes chest discomfort, extreme fatigue, 
and dyspnea.  

ÅPatients should also be instructed in the proper use of 
sublingual nitroglycerin and to call emergency services if the 
ischemic type discomfort persists for more than 5 minutes. 







Emergency Medical Service 
Systems 
ÅThe expanded capability to record a prehospital 12-lead 

electrocardiogram (ECG) represents a major advance in EMS 
systems (Table 59.2). 

 

Å The ability to transmit such ECGs and to activate the STEMI 
care team before arrival at the hospital places EMS efforts at 
the center of the early response to STEMI. 



ÅIn addition to prompt defibrillation, the efficacy of prehospital 
care appears to depend on several factors, including early 
relief of pain with its deleterious physiologic sequelae, 
reduction of excessive activity of the autonomic nervous 
system, and treatment of arrhythmias such as ventricular 
tachycardia (VT)τbut these efforts must not delay rapid 
transfer to the hospital. (Fig. 59.2). 

 





ÅThe presence of ST-segment elevation on the ECG in a patient 
with ischemic discomfort highly suggests thrombotic occlusion 
of an epicardial coronary artery and should trigger a well-
rehearsed sequence of rapid assessment of the patient for 
initiation of a reperfusion strategy. 

 

ÅCritical factors that weigh into selection of a reperfusion 
strategy include the time elapsed since the onset of 
symptoms, the risk associated with STEMI, the risk elated to 
administering a fibrinolytic, and the time required to initiate 
an invasive strategy (see Fig. 59.2).  

 

ÅIn nonςPCIcapable hospitals, the initial assessment should 
include evaluation of the contraindications to administration 
of a fibrinolytic (Table 59.3). 







ÅA history of ischemic-type discomfort and the initial 12-lead 
ECG are the primary tools for screening patients with possible 
acute coronary syndrome (ACS) for STEMI . 

ÅBecause the 12-lead ECG is at the center of the decision 
pathway for initiation of reperfusion therapy, it should be 
obtained promptly (Җ10 minutes after hospital arrival) in 
patients with suspected ischemic symptoms. 

Å More extensive use of prehospital 12-lead ECGs has also 
facilitated early triage of patients with STEMI. Because lethal 
arrhythmias can occur suddenly in patients with STEMI, all 
patients should have bedside monitoring of the ECG and 
intravenous (IV) access. 



ÅBenchmarks for medical systems to use when assessing the 
quality of their performance are a door-to-needle time of 30 
minutes or less for initiation of fibrinolytic therapy and a door-
to-device time of 90 minutes or less for percutaneous 
coronary perfusion. 

ÅIn patients with a clinical history suggestive of STEMI and an 
initial nondiagnostic ECG (i.e , no ST-segment deviation or T 
wave inversion), serial tracings should be obtained during 
evaluation in the ED. 



General Treatment Measures 

ÅAspirin 

ÅAspirin is effective across the entire ACS spectrum and is part 
of the initial management strategy for patients with suspected 
STEMI. Because low doses take several days to achieve a full 
antiplatelet effect, 162 to 325 mg should be administered at 
the first opportunity after initial medical contact. 

 

Å To achieve therapeutic blood levels rapidly, the patient should 
chew a nonςenteric-coated tablet to promote buccal 
absorption bypassing the gastric mucosa. 



Control of Cardiac Pain 

ÅInitial management of patients with STEMI should target relief 
of pain and its associated heightened sympathetic activity. 
Control of cardiac pain is typically achieved with a 
combination of analgesics (e.g., morphine) and interventions 
to favorably improve the balance of myocardial oxygen supply 
and demand, including oxygen (in the setting of hypoxia), 
nitrates, and in appropriately selected patients, beta-
adrenergic receptorςblocking agents (beta blockers). 



Analgesics 
ÅAlthough a wide variety of analgesic agents, including 

meperidine, pentazocine, and morphine, can treat the pain 
associated with STEMI, morphine remains the drug of choice, 
except in patients with well-documented morphine 
hypersensitivity. 

ÅDoses of 4 to 8 mg administered intravenously initially, 
followed by doses of 2 to 8 mg repeated at intervals of 5 to 15 
minutes have been recommended until the pain is relieved or 
side effects emergeτhypotension, depression of respiration, 
or vomiting. 

Å Appropriate dosing of morphine sulfate will vary, however, 
depending on ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŀƎŜΣ ōƻŘȅ size, blood pressure (BP), 
and heart rate (HR). 



ÅReduction of anxiety with successful analgesia diminishes the 
ǇŀǘƛŜƴǘΩǎ ǊŜǎǘƭŜǎǎƴŜǎǎ ŀƴŘ ǘƘŜ activity of the autonomic 
nervous system, with a consequent reduction in ǘƘŜ ƘŜŀǊǘΩǎ 
metabolic demands, and possible favorable effects on 
myocardial healing .  

 

ÅMorphine has beneficial effects in patients with pulmonary 
edema as a result of peripheral arterial and venous dilation 
(particularly in those with excessive sympathoadrenal 
activity); it reduces the work of breathing and slows the HR 
secondary to combined withdrawal of sympathetic tone and 
augmentation of vagal tone. 



ÅCounte balancing these potential benefits, observational 
studies have suggested an association between the 
administration of morphine and adverse outcomes in patients 
with ACS, with the putative mechanism being a slowing of 
antiplatelet agent absorption. 

 

ÅMaintaining the patient in a supine position and elevating the 
lower extremities if BP falls can minimize hypotension 
following the administration of nitroglycerin and morphine. 
Such positioning is undesirable in patients with pulmonary 
edema, but morphine rarely produces hypotension in these 
circumstances. IV administration of atropine may be helpful in 
treating excessive vagomimetic effects of morphine. 



Nitrates 

ÅBy virtue of their ability to enhance coronary blood flow by 
coronary vasodilation and to decrease ventricular preload by 
increasing venous capacitance, sublingual (SL) nitrates are 
indicated for most patients with an ACS. At present, the only 
groups of patients with STEMI in whom SL nitroglycerin should 
not be given are those with suspected right ventricu ar (RV) 
infarction18 or marked hypotension (e.g , systolic BP <90 mm 
Hg), especially if accompanied by bradycardia. 



ÅOnce hypotension is excluded, an SL nitroglycerin tablet 
should be administered and the patient observed for 
improvement in symptoms or change in hemodynamics. If an 
initial dose is well tolerated and appears to be beneficial, 
further nitrates should be administered while monitoring vital 
signs.  

ÅEven small doses can produce sudden hypotension and 
bradycardia, a reaction that can usually be reversed with IV 
atropine. 



ÅLong-acting oral nitrate preparations should be avoided in the 
early course of STEMI because of the frequently changing 
hemodynamic status of the patient. In patients with a 
prolonged period of waxing and waning chest pain, IV 
nitroglycerin may help control the symptoms and correct the 
ischemia, but frequent monitoring of BP is required.  

ÅInitiation of a reperfusion strategy in patients with STEMI 
should ƴƻǘ ōŜ ŘŜƭŀȅŜŘ ǿƘƛƭŜ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǊŜǎǇƻƴǎŜ 
to SL or IV nitrates. 



Beta-Adrenergic Blocking 
Agents 
ÅBeta blockers aid in the relief of ischemic pain, reduce the 

need for analgesics in many patients, and reduce infarct size 
and life-threatening arrhythmias. Avoiding early IV beta 
blockers in patients with Killip class II or greater is important, 
however, because of the risk of precipitating cardiogenic 
shock. 

Å Routine use of IV beta blockers is no longer recommended in 
patients with STEMI, but IV administration of a beta blocker at 
the initial evaluation of patients with STEMI who are 
hypertensive and have ongoing ischemia is reasonable. 



ÅA practical protocol for use of a beta blocker in this situation 
follows. First, exclude patients with heart failure (HF), 
hypotension (systolic BP <90 mm Hg), bradycardia (HR <60 
beats/min), or significant atrioventricular (AV) block. 

Å  

ÅSecond, administer metoprolol in three 5-mg IV boluses. 
Third, observe the patient for 2 to 5 minutes after each 
bolus, and if HR falls below 60 beats/min or systolic BP falls 
below 100 mm Hg, do not administer any further drug.  

 

ÅFourth, if hemodynamic stability continues 15 minutes after 
the last IV dose, begin oral metoprolol tartrate, 25 to 50 mg 
every 6 hours for 2 to 3 days as tolerated, and then switch to 
100 mg twice daily. 



ÅLower doses may be used in patients who have a partial 
decline in BP with the initial dosing or who appear to be at 
higher risk (e.g., larger infarction) for development of HF 
because of poor left ventricular (LV) performance.  

 

ÅInfusion of an extremely short-acting beta blocker, such as 
esmolol, 50 to 250 ˃ Ǝ/kg/min, may be useful in patients with 
relative contraindications to the administration of a beta 
blocker and in whom HR slowing is considered highly 
desirable. 



Oxygen 
ÅHypoxemia can occur in patients with STEMI and generally 

results from ventilation-perfusion abnormalities that are 
sequelae of LV failure; concomitant intrinsic pulmonary 
disease may also contribute to hypoxemia in some patients. 

 

Å Treating all patients hospitalized for STEMI with oxygen for at 
least 24 to 48 hours is common practice based on the empiric 
assumption of hypoxia and evidence that increased oxygen in 
the inspired air may protect ischemic myocardium. 

 

ÅHowever, augmentation of the fraction of oxygen in inspired 
air (FIO2) does not elevate O2 delivery significantly in patients 
who are not hypoxemic. 



ÅFurthermore, it may increase systemic vascular resistance and 
arterial pressure, promote coronary vasoconstriction, and 
result in greater oxidative stress. Moreover, in a randomized 
trial comparing oxygen (8 L/min) with no supplemental oxygen 
in 441 patients with STEMI but without hypoxia, compared 
with the control therapy, supplemental O2 therapy 
demonstrated a trend toward increased early myocardial 
injury measured with cardiac troponin. 

 

Å In a secondary analysis, O2 supplementation was associated 
with increased myocardial infarct size assessed by cardiac 
magnetic resonance imaging (CMR) at 6 months.  



ÅIn view of these considerations, arterial oxygen saturation 
(SaO2) can be estimated by pulse oximetry, and O2 therapy 
can be omitted if the oximetric findings are normal. On the 
other hand, patients with STEMI and arterial hypoxemia (e.g. 
SaO2 <90%) should receive oxygen. 

 

Å In patients with severe pulmonary edema, endotracheal 
intubation and mechanical ventilation may be necessary to 
correct the hypoxemia and reduce the work of breathing. 



REPERFUSION THERAPY 

ÅAlthough late spontaneous reperfusion occurs in some 
patients, thrombotic occlusion persists in most patients with 
STEMI. Timely reperfusion of jeopardized myocardium is the 
most effective way of restoring the balance between 
myocardial oxygen supply and demand. 

 

ÅThe dependence of myocardial salvage on the time elapsed 
until treatment pertains to patients treated with either 
fibrinolysis or PCI. 

 

ÅEach 30-minute delay from symptom onset to PCI increases 
the relative risk (RR) for 1-year mortality by 8%. 



Pathophysiology of Myocardial 
Reperfusion 

 

ÅPrevention of cell death by restoration of blood flow depends 
on the severity and duration of the preexisting ischemia. 
Substantial experimental and clinical evidence indicates that 
the earlier blood flow is restored, the more favorable the 
recovery of LV systolic function, improvement in diastolic 
function, and reduction in overall mortality. 

 

Å Collateral coronary vessels also appear to influence LV 
function after reperfusion. 



Å They provide sufficient perfusion of myocardium to slow cell 
death and probably have greater importance in patients 
undergoing reperfusion later than 1 to 2 hours after coronary 
occlusion. 

 

Å Even after successful reperfusion and despite the absence of 
irreversible myocardial damage, a period of postischemic 
contractile dysfunction can occurτa phenomenon called 
myocardial stunning. 

 



Fibrinolysis 
 
ÅFibrinolysis can recanalize the thrombotic occlusion associated 

with STEMI, and when achieved, restoration of coronary flow 
reduces infarct size and improves myocardial function and 
survival over both the short and the long term. Patients 
treated within the first 1 to 2 hours after the onset of 
symptoms seem to have the greatest potential for long-term 
improvement in survival with fibrinolysis. 





Choice of Agent 

ÅThe choice of fibrinoly ic in hospital systems is generally driven 
by the desire to establish consistent protocols within the 
health care system by weighing ease of dosing, cost, and other 
institutional preferences.  

 

ÅIn patients seen early with acceptable bleeding risk, a high-
intensity fibrinspecific regimen, such as accelerated t-PA, 
reteplase, or tenecteplase, is usually preferable. 

Å  



ÅIn patients whose risk for death is low (e.g., young patient 
with small inferior MI) and whose risk for intracranial 
hemorrhage is increased (e.g., acute hypertension), 
administration of streptokinase is reasonable, but rarely done 
in the United States.  

 

ÅIn patients who are to be treated with a fibrin-specific 
fibrinolytic, we believe that clinicians should use a bolus 
fibrinolytic such as reteplase or tenecteplase. Bolus 
fibrinolytics have a lower chance of medication errors and are 
associated with less noncerebral bleedingτas well as offering 
the potential for prehospital treatment. 

 



Late Therapy 

ÅNo mortality benefit was demonstrated in the LATE and 
EMERAS trials when fibrinolytics were routinely administered 
to patients between 12 and 24 hours, although we believe 
that it is still reasonable to consider fibrinolytic therapy when 
PCI is not available, for appropriately selected patients with 
clinical and electrocardiographic evidence of ongoing ischemia 
within 12 to 24 hours of symptom onset and a large area of 
myocardium at risk or hemodynamic instab lity.  



ÅPersistent chest pain late after the onset of symptoms 
correlates with a higher incidence of collateral or anterograde 
flow in the infarct zone and is therefore a marker for viable 
myocardium that might be salvaged. 

ÅBecause elderly patients treated with fibrinolytic agents more 
than 12 hours after the onset of symptoms have an increased 
risk for cardiac rupture, we believe that restricting late 
administration of a fibrinolytic to patients younger than 65 
years with ongoing ischemia is preferable. 

ÅAn elderly patient with ongoing ischemic symptoms but 
initially seen late (>12 hours) is better managed with PCI than 
with fibrinolytic therapy. 

 



Catheter-Based Reperfusion 
Strategies 
ÅCatheter-based strategies can also achieve reperfusion of the 

infarct artery. This approach has evolved from passage of a 
balloon catheter over a guidewire in the culprit vessel only to 
now include potent oral antiplatelet therapy, multiple options 
or anticoagulants, and coronary stents, with the possibility of 
multivessel revascularization. 

 

Å PCI used as primary reperfusion therapy in patients with 
STEMI is referred to as direct or primary PCI . If fibrinolysis has 
failed to reperfuse the infarct vessel, or a severe stenosis is 
present in the infarct vessel after fibrinolysis, rescue PCI can 
be performed. 

Å  



ÅA strategy of routine delayed angiography and PCI after 
successful fibrinolytic therapy may also be considered.5 
Finally, a conservative approach of elective PCI only when 
spontaneous or exercise-rovoked ischemia occurs may be used 
to manage patients with STEMI, regardless of whethe they 
have received a previous course of fibr nolytic therapy or no 
initial reperfusion therapy. 

 

ÅSeveral randomized trials have suggested that a strategy of 
multivessel PCI, either at the time of primary PCI or as a 
planned, staged procedure, may be safe and may improve 
outcomes in hemodynamically stable patients with STEMI. 



ÅThese findings have prompted a change in recommendation 
from class III to IIb for consideration of mult vessel PCI in 
stable patients with STEMI. Aspiration thrombectomy at 
primary PCI now has a class III recommendation based on trial 
data showing no improvement in cardiovascular (CV) 
outcomes and a possible increase in stroke risk. 

 

ÅRadial artery access now tends to be favored over femoral 
artery access in primary PCI based on the MATRIX (Minimizing 
Adverse Haemorrhagic Events by Transradial Access Site and 
Systemic Implementation of AngioX) trial, which 
demonstrated a reduction in bleed ng and mortality. Finally, 
studies suggest that newer-generation drug-eluting stents 
(DESs) may result in lower rates of repeat revascularization 
with equivalent rates of stent thrombosis compared to 
contemporary bare-metal stents (BMSs). 



Surgical Reperfusion 
ÅProviding surgical reperfusion in a timely fashion is usually not 

logisti cally possible. Therefore, patients with STEMI who are 
candidates for reperfusion should undergo either immediate 
fibrinolysis or PCI. 

ÅHowever, patients with STEMI are currently referred for CABG 
for persistent or recurrent ischemia despite fibrinolysis or 
primary PCI with residual coronary disease not amenable to 
PCI, high-risk  coronary anatomy (e.g., left main stenosis) 
discovered at initial catheterization, or a complication of 
STEMI such as ventricular septal rupture or severe mitral 
regurgitation caused by papillary muscle dysfunction.  

 

ÅSTEMI patients with continued severe ischemic and 
hemodynamic instability will probably benefit from 
emergency revascularization. 





Anticoagulant and Antiplatelet 
Therapy 
ÅAnticoagulant Therapy 

ÅThe rationale for administering anticoagulant therapy acutely 
to patients with STEMI includes establishing and maintaining 
patency of the infarct-related artery, regardless of whether a 
patient receives fibrinolytic therapy, and preventing deep 
venous thrombosis, pulmonaryembolism, ventricular 
thrombus formation, and cerebral embolization. 

 



Effect of Heparin on Mortality 
ÅRandomized trials of patients with STEMI conducted in the 

prefibrinolytic era showed a lower risk for reinfarction, 
pulmonary embolism, and stroke in those who received IV 
heparin, thus supporting the administration of heparin to 
STEMI patients not treated with fibrinolytic therapy. 

 

ÅSeveral angiographic studies have examined the role of 
heparin therapy in establishing and maintaining patency of the 
infarct-related artery in patients with STEMI. Although 
evidence favoring the use of heparin in conjunction with a 
fibrin-specific fibrinolytic agent for enhancing patency of the 
infarct artery is not conclusive, the suggestion of a mortality 
benefit and amelioration of LV thrombi after STEMI supports 
the use of heparin for at least 48 hours after fibrinolysis. 



ÅThe most serious complication of anticoagulant therapy is 
bleeding, especially intracranial hemorrhage. Major 
hemorrhagic even s occur more frequently in patients with 
low body weight, advanced age, female sex, marked 
prolongation of the activated partial thromboplastin time 
(APTT) (>90 to 100 seconds), and performance of invasive 
procedures. Frequent monitoring of the APTT reduces the risk 
for major hemorrhagic complications in patients treated with 
heparin.  

ÅDuring the first 12 hours after fibrinolytic therapy, however, 
the APTT may be elevated as a result of the fibrinolytic agent 
alone (particularly if streptokinase is administered), thus 
making it difficult to interpret accurately the effects of a 
heparin infusion on the ǇŀǘƛŜƴǘΩǎ ŎƻŀƎǳƭŀǘƛƻƴ status. 



Low-Molecular-Weight 
Heparins 
ÅAdvantages of low-molecular-weight heparins ( MWHs) 

include a stable, reliable anticoagulant effect, high 
bioavailability permitting administration via the subcutaneous 
(SC) route, and a high anti-Xa/ anti-IIa ratio producing 
blockade of the coagulation cascade in an upstream location 
and greatly reducing thrombin generation.  

ÅThe primary role of LMWH for management of STEMI is as an 
adjunct to fibrinolytic therapy. Although LMWHs do not 
improve the rate of early (60 to 90 minutes) reperfusion of the 
infarct artery, LMWH reduces rates of reocclusion of the 
infarct artery, reinfarction, or recurrent ischemic events. 

Å  



ÅThis effect may underlie the significant reduction in recurrent 
MI with a strategy of extended anticoagulation with LMWHs, 
or a factor Xa antagonist versus standard therapy, in patients 
with STEMI undergoing fibrinolysis. 

ÅSeveral trials have compared a LMWH with UFH as part of a 
pharmacologic reperfusion strategy and demonstrated the 
LMWH to be superior. 

Å In the ASSENT (Assessment of the Safety and Efficacy of a 
New Thrombolytic) 3 trial, enoxaparin (30-mg IV bolus, 
followed by SC injections of 1 mg/kg every 12 hours until 
discharge from the hospital) reduced 30-day mortality, in-
hospital reinfarction, or inhospital refractory ischemia 
compared with UFH. The rate of intracranial hemorrhage was 
similar with UFH and enoxaparin 

 



Recommendations for Anticoagulant Therapy 
ANTICOAGULATION WITH FIBRINOLYSIS. 

ÅA regimen of an IV UFH bolus of 60 units/kg to a maximum of 
4000 units, followed by an initial infusion at 12 units/kg/hr to 
a maximum of 1000 units/hr for 48 hours, adjusted to 
maintain the APTT at 1.5 to 2 times control (approximately 50 
to 70 seconds), is effective in patients receiving fibrinolytic 
therapy. 

ÅAccordingly, patients managed with pharmacologic 
reperfusion therapy should receive anticoagulant therapy for a 
minimum of 48 hours and preferably for the duration of 
hospitalization after STEMI, up to 8 days Enoxaparin or 
fondaparinux is preferred when administration of an 
anticoagulant for longer than 48 hours is planned in patients 
with STEMI treated with a fibrinolytic. 



ÅEnoxaparin should be administered according to age, weight, and 
creatinine clearance and be given as an IV bolus, followed in 15 
minutes by SC injection for the duration of the index hospitalization, 
up to 8 days or until revascularization. Fondaparinux should be 
administered as an initial IV dose, followed in 24 hours by daily SC 
injections if the estimated creat nine clearance is higher than 30 
mL/min. If PCI is performed in a patient treated with fondaparinux, 
co-administration of an additional antithrombin agent with antiς
factor IIa activity is required to mitigate the risk of catheter-related 
thrombosis. 

 

ÅIn patients with a known history of heparin-induced  
thrombocytopenia, bivalirudin in conjunction with streptokinase is a 
useful alternative to heparin. For patients who are referred for 
CABG, UFH is the preferred antithrombin. 



Antiplatelet Therapy for PCI in ST-Elevation 
Myocardial Infarction 

ÅAll patients with STEMI should receive aspirin as soon as 
possible after initial encounter in the absence of 
contraindications. Adding the P2Y12 inhibitor clopidogrel to 
aspirin appears to offer additional benefit in patients 
undergoing PCI after STEMI. 

Å In patients undergoing either primary PCI or delayed PCI after 
initial therapy for STEMI, the more potent P2Y12 inibitor 
prasugrel was superior to clopidogrel in reducing the risk for 
CV death, MI, or stroke. 



Recommendations for 
Antiplatelet Therapy 
ÅPatients who have not taken aspirin before the development 

of STEMI should chew nonςenteric-coated aspirin, and the 
dose should be 162 to 325 mg initially. During the 
maintenance phase of antiplatelet therapy following STEMI, 
the dose of aspirin should be reduced to 75 to 162 mg to 
minimize the risk for bleeding. 

Å Lower doses are preferable because of the increased risk for 
bleeding with higher doses reported in several studies; the 
CURRENT-OASIS 7 trial did not find differences in terms of 
efficacy or safety in STEMI patients randomly assigned to 81 
versus 325 mg of aspirin.  

ÅIf true aspirin allergy is present, other antiplatelet agents such 
as clopidogrel or ticlopidine can be substituted. 



ÅThe addition of a P2Y12 inhibitor to aspirin is warranted in most 
patients with STEMI. Based on the results of the COMMIT and 
CLARITYTIMI 28 trials, clopidogrel, 75 mg/day orally, is an option for 
all patients with STEMI regardless of whether they receive 
fibrinolytic therapy, undergo primary PCI, or do not receive 
reperfusion therapy. 

Å The data available suggest that a loading dose of 300 mg of 
clopidogrel should be given to patients younger than 75 years who 
receive fibrinolytic therapy. Data are insufficient in elderly patients 
to recommend a loading dose in those 75 years or older who 
receive a fibrinolytic. When primary PCI is the mode of reperfusion 
therapy, an oral loading dose of 600 mg of clopidogrel before stent 
implantation is an established treatment, followed by 75 mg daily. 
Interpatient variability in the response to clopidogrel can occur and 
individuals with lesser degrees of platelet inhibition have increased 
risk for death and ischemic complications. 



ÅPrasugrel and t cagrelor generally achieve greater degrees o 
platelet inhibition than clopidogrel and can be used to treat 
patients with STEMI. On the basis of the results of TRITON-
TIMI 38 prasugrel administered as an oral loading dose of 60 
mg and 10 mg daily thereafter demonstrated benefit in 
patients with STEMI, but should not be used in patients with a 
history of cerebrovascular disease or who are at higher risk for 
life-threatening bleeding. 

Å Ticagrelor also reduced CV events compared with clopidogrel, 
and in PLATO, ticagrelor was administered as an oral loading 
dose of 180 mg and then 90 mg twice daily. When using 
ticagrelor, the recommended maintenance dose of aspirin is 
81 mg daily. 



General Measures 
ÅThe managing clinical staff should be sensitive to patient 

concerns about prognosis and future productivity. A calm, 
quiet atmosphere can help allay anxiety and reduce 
adrenergic tone. Use of anxiolytic  medications may be 
appropriate in some cases.  

ÅTo reduce the risk for nausea and vomiting early after 
infarction and to decrease the risk for aspiration, we find it 
ǇǊǳŘŜƴǘ ǘƻ ƭƛƳƛǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŘƛŜǘ ǘƻ ŜƛǘƘŜǊ ƴƻǘƘƛƴƎ by mouth 
or clear liquids during the first 4 to 12 hours after admission. 
Thereafter, dietary intervention is an important component of 
an overall strategy for secondary prevention 



ÅDelirium can be provoked by medications frequently used in 
the hospital, including antiarrhythmic drugs, H2 blockers, 
narcotics, and beta blockers. Use of potentially offending 
agents should be discontinued in patients with an abnormal 
mental status.  

ÅHaloperidol, a butyrophenone, can be used safely in patients 
with STEMI. Stool softeners can prevent constipation and 
straining. 



Physical Activity 

ÅIn the absence of complications, stabilized patients with STEMI 
need not be confined to bed for more than 12 hours, and 
unless they are hemodynamically compromised, they may use 
a bedside commode shortly after admission. Progression of 
activity should be individualized depending ƻƴ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 
clinical status, age, and physical capacity. 

ÅIn patients without hemodynamic compromise, early 
mobilization (e.g., sitting in chair, standing, walking around 
bed) does not usually cause important changes in HR, BP, or 
pulmonary wedge pressure. 



Pharmacologic Therapy 
Beta Blockers 
ÅUse of beta blockers for the treatment of patients with STEMI 

can cause both immediate effects (when the drug is given 
early in the course of infarction) and long-term effects 
(secondary prevention). 

 

ÅImmediate IV administration of beta blockers reduces the 
cardiac index, HR, and BP. The net effect is a reduction in 
myocardial oxygen consumption per minute and per beat. 
Favorable effects of acute IV administration of beta blockers 
on the balance of myocardial oxygen supply and demand are 
reflected in reductions in chest pain, in the proportion of 
patients with threatened infarction in whom STEMI actually 
evolves, and in the development of ventricular arrhythmias. 



ÅBecause beta-adrenergic blockade diminishes circulating levels 
of free atty acids (FFAs) by antagonizing the lipolytic effects of 
catecholamines, and because elevated FFA levels augment 
myocardial oxygen consumption and probably increase the 
incidence of arrhythmias, these metabolic actions of beta 
blockers may also benefit the ischemic heart. As noted earlier, 
because early administration of IV beta blockers can cause 
detrimental effects in some patients, the present guidelines 
omit this therapy for most patients. 

 





Selection of Beta Blockers 

ÅFavorable effects have been reported with metoprolol, 
atenolol, carvedilol, timolol, and alprenolol; these benefits 
probably occur with propranolol and with esmolol, an 
ultrashort-acting agent, as well. In the absence of any 
favorable evidence supporting the benefit of agents with 
intrinsic sympathomimetic activity, such as pindolol and 
oxprenool, and with some unfavorable evidence for these 
agents in secondary prevention, beta blockers with intrinsic 
sympathomimetic activity should probably not be chosen for 
treatment of STEMI. 



ÅOccas onally, clinicians may decide to proceed with therapy 
with a beta blocker even in patients with relative 
contraindications, such as a h story of mild asthma, mild 
bradycardia, mild HF, or first-degree heart block. In this 
situation a trial of esmolol may help determine whether the 
patient can tolerate beta-adrenergic blockade. 

Å Because the hemodynamic effects of this drug (half-life of 9 
minutes) disappear in less than 30 minutes, it offers an 
advantage over longer-acting agents when the risk for 
complications with a beta blocker is relatively high. 



Inhibition of the Renin-Angiotensin-
Aldosterone System 

ÅThe rationale for inhibition of the renin-angiotensin-
aldosterone system (RAAS) includes experimental and clinical 
evidence of a favorable impact on ventricular remodeling, 
improvement in hemodynamics, and a reduction in HF 
incidence. Unequivocal evidence from RCTs has shown that 
ACE inhibitors reduce mortality from STEMI. 

ÅThese trials can be grouped into two categories. The first 
group selected MI patients for randomization on the basis of 
features indicative of increased mortality, such as left 
ventricular ejection fraction (LVEF) lower than 40%, clinical 
signs and symptoms of HF, anterior location of infarction, and 
abnormal wall motion score index 



ÅWith the exception of the SMILE (Survival of Myocardial 
Infarction Long-Term Evaluation) study, all the selective trials 
initiated ACE inhibitor therapy between 3 and 16 days after MI 
and maintained it for 1 to 4 years, whereas the unselective 
trials all initiated treatment within the first 24 to 36 hours and 
maintained it for only 4 to 6 weeks. 

 

ÅThe reduction in mortality with ACE inhibitors was 
accompanied by significant reductions in the development of 
HF, thus supporting the underlying pathophysiologic rationale 
for administering this class of drugs to patients with STEMI. In 
addition, some data suggest that chronic administration of 
ACE inhibitors after STEMI reduces the incidence of ischemic 
events, including recurrent MI and the need for coronary 
revascularization. 



ÅThe mortality benefits of ACE inhibitors add to those achieved 
with aspirin and beta blockers. The benefits of ACE inhibition 
appear to be a class effect because several agents have been 
associated with reduced mortality and morbidity. To replicate 
these benefits in clinical practice, however, physicians should 
select a specific agent and prescribe the drug according to the 
protocols used in the clinical trials. 

 

Å The major contraindications to ACE inhibitors in patients with 
STEMI include hypotension in the setting of adequate preload, 
known hypersensitivity, and pregnancy. Adverse reactions 
include hypotension, especially after the first dose, and 
intolerable cough; much less often, angioedema can occur. 



ÅAn alternative method of pharmacologic inhibition of the 
RAAS is the administration of angiotensin II receptorςblocking 
agents (ARBs). The VALIANT (Valsartan in Acute Myocardial 
Infarction) trial compared the effects of the ARB valsartan, 
valsartan and captopril, and captopril alone on mortality in 
patients with acute MI complicated by LV systolic dysfunction 
and/or HF within 10 days of MI. 



ÅAldosterone blockade is another pharmacologic strategy for 
inhibition of the RAAS. The EPHESUS (Eplerenone Post-AMI 
Heart Failure Efficacy and Survival) trial randomly assigned 
6642 patients with acute MI complicated by left ventricular 
dysfunction and heart failure to the selective aldosterone-
blocking agent eplerenone or placebo in conjunction with 
contemporary postinfarction pharmacotherapy.  During a 
mean follow-up of 16 months, a 15% reduction occurred in 
the RR for mortality in favor of eplerenone. Eplerenone also 
reduced CV mortality or hospitalization for CV events. 

 



ÅAfter administration of aspirin and initiation of reperfusion 
strateg es and, when appropriate, beta blockers, all patients 
with STEMI should be considered for inhibition of the RAAS.  

ÅAlthough few disagree with the recommendation that high-
risk STEMI patients (elderly, anterior infarction, previous 
infarction, Killip class II or greater, and asymptomatic patients 
with evidence of depressed global ventricular function on 
imaging) should receive lifelong treatment with ACE inhibitors, 
some have proposed short-term (4 to 6 weeks) therapy for a 
broader group of patients on the basis of the pooled results of 
the unselective mortality trials. 



ÅAlthough not yet studied specifically among patients with 
acute MI, an angiotensin receptor-neprilysin inhibitor (ARNI) 
can be considered over an ACE inhibitor or ARB for long-term 
management in patients with chronic symptomatic HF with 
reduced EF, including patients with ischemic cardiomyopathy 
from prior MI. 

Å Finally, long-term aldosterone blockade should be instituted 
in high-risk patients following STEMI (EF <40%, clinical HF, 
diabetes mellitus) who are already receiving an ACE inhibitor 
and beta blocker and do not have contraindications. The 
small but definite increase in the risk for serious 
hyperkalemia when aldosterone blockade is prescribed, 
particularly when other measures for RAAS inhibition are 
used concurrent y, warrants periodic monitoring of the serum 
K+ level. 



Nitrates 
ÅThe potential for reductions in ventricular filling pressure, wall 

tension, and cardiac work coupled with improvement in 
coronary blood flow, especially in ischemic zones, and 
antiplatelet effects, makes nitrates a logical and attractive 
pharmacologic intervention in patients with STEMI. 
Administration of nitrates reduces pulmonary capillary wedge 
pressure (PCWP) and systemic arterial pressure, LV chamber 
volume, infarct size, and the incidence of mechanical 
complications. 

Å  



 

ÅNevertheless, routine administration of nitrates does not alter 
survival in patients with STEMI. Although a meta-analysis of 
10 trials conducted in the prefibrinolytic era showed nitrate 
therapy to be associated with a reduction in mortality, two 
megatrials of nitrate therapy (GISSI-3 and ISIS-4) conducted in 
the reperfusion era demonstrated no benefit on major CV 
outcomes. 

 



ÅWith the aim of controlling hypertension or treating HF, IV 
nitroglycerin can be administered safely to patients with 
evolving STEMI as long as the dose is titrated to avoid 
induction of reflex tachycardia or systemic arterial 
hypotension. Patients with inferior wall infarction may be 
sensitive to an excessive fall in preload, particulaly with 
concurrent RV infarction.1 In such cases, nitrate-induced 
venodilation could impair cardiac output and reduce coronary 
blood flow, thus worsening rather than improving myocardial 
oxygenation. 



ÅClinically significant methemoglobinemia, although rare, can 
develop when unusually large doses of nitrates are 
administered. This problem is important not only for its 
potential to cause symptoms of lethargy and headache, but 
also because elevated methemoglobin levels can impair the 
O2-carrying capacity of blood and potentially exacerbate 

Åischemia.  

ÅDilation of the pulmonary vasculature supplying poorly 
ventilated lung segments may produce a ventilationperfusion 
mismatch. Tolerance to IV nitroglycerin (as manifested by 
increasing nitrate requirements) develops in many patients, 
often as soon as 12 hours after the infusion is started. 



Recommendations 

ÅNitroglycerin is indicated for the relief of persistent pain and 
as a vasodilator in patients with infarction associated with LV 
failure or hypertension. In the absence of recurrent angina or 
HF, we do not routinely prescribe nitrates for patients with 
STEMI. Long-term nitrates have no clear benefit in 
asymptomatic patients, and we therefore do not prescribe 
them beyond the first 48 hours in patients without angina or 
LV failure. 



Calcium Channel Antagonists 

ÅDespite sound experimental and clinical evidence of an anti-
ischemic effect, calcium antagonists have not been helpful in 
the acute phase of STEMI, and several systematic overviews 
have raised concern about an increased risk for mortality 
when these agents, particularly short-acting dihydropyridines, 
are prescribed on a routine basis. Nondihydropyridine calcium 
channelςblocking agents (verapamil and d ltiazem) can be 
given to slow a rapid ventricular response in atrial fibrillation 
in patients for whom beta blockers are ineffective. These 
agents should be avoided in patients with Killip class II or 
greater. 




