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Laboratory Findings
Serum and Plasma Markers of Cardiac

Damage

A Proteins released into the blood from damaged myocardial
cellscan indicatemyocardial injury.

A Eventhough the availability of serurand plasmaardiac
markers with greatly enhanced sensitivity fayocardial
Injury has enabled clinicians to identify much lower levels of
Injury, biochemicatests of myocardial injury provide no direct
Insight into thecause of thadamage.

A Ml is the diagnosis given tayocardial injurythat results
from ischemia Fig.58.16.
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FIGURE 58.16 Myocardial ischemia and subsequent myccardial injury can result from a variety of dinical entities,
including reral failure, heart failure, tachyarrhythmia or bradyarrhythmia and cardiac or noncardiac procedures, Each of
thesa scenarios can result in myocardial injury with cell death marked by the release of detectable droulating levek of
cardiac troponin. Howewer, each of these entities can also be associated with myocardial infarction wwhen thene is clinical
evidence of acute myocardial ischemia with a typical rise andfor fall in cardiac treponin levels. (From Thygesen K, Alpert
15, laffe A5 et al. Third universal definition of myocardial infarction. J Am Coll Cadicl 2012;60:1581 )




A Othernonischemidnsults such as myocarditis or direct
myocardial toxins, magesult inmyocardial injury but should
not be labeled MI. Moreovethe enhancedbility to detect
myocardial damage has increasth@ numberof cases of
myocardial injury that result fromongplaquerelatedclinical
events, thus necessitating the establishmenneiv criteria
for MI that place the injury in clinicédee Tables

A 58.1t0 58.3.




TABLE 58.1 Third Universal Definition of Myocardial
Infarction (MI)

Criteria for Acute Myocardial Infarction

The term acute A should be used when there is evidence of myocardial
necrosis in a clinical setting consistent with acute myocardial ischemia.
Under these conditions, any of the followina criteria meets the
diagnosis for MI:

* Detection of a rise andior fall in cardiac biomarker values (preferably
cTn), with at least one value above the 99th percentile URL and with at
least one of the following:

» Symptoms of ischemia

* Mew or presumed new significant ST-segment-T wave (5T-T) changes
or new LEBB

» Development of pathologic Q@ waves on the ECG

* |maging evidence of new loss of viable myocardium or new regional
wall motion abnormality

# |dentification of an intracoronary thrombus by angiography or
autopsy

* Cardiac death with symptoms suggestive of myocardial ischemia and
presumed new ischemic changes on the ECG or new LBBE, but death
occurred before cardiac biomarkers were determined or before cardiac
biomarker values would be increased.

* PCl-related M is arbitrarily defined by elevation of cTn values (to =5 =
99th percentile URL) in patients with normal baseline values (<99th
percentile URL) or a rise in cTn values =20% if the baseline values are
elevated and are stable or falling. In addition, either (1) symptoms
suggestive of myocardial ischemia, (2) new ischemic changes on the
ECG, (3) angiographic findings consistent with a procedural
complication, or (4) imaging demonstration of new loss of viable
ryccardium or new regional wall motion abnomnality is required.




E - -

» Stent thrombosis associated with M1 when detected by coronary
angiography or autopsy in the setting of myocardial ischemia and with
a rise andfor fall in cardiac biomarker values and at least one value
higher than the 99th percentile URL.

» CABG related MI is arbitrarily defined by elevation of cardiac biomarker
values (to =10 = 99th percentile URL) in patients with normal baseline
cTn values (£99th percentile URL). In addition, eithe (1) new pathologic
Q waves or new LBBB, (2) angiographically documented new graft or
new native coronary artery ocdusion, or (3) imaging evidence of new
loss of viable myocardium or new regional wall motion abnormality is
required.

Criteria for Previous Myocardial Infarction
Any of the following criteria meets the diagnosis for prior MI:

» Pathologic Q@ waves with or without symptoms in the absence of
nonischemic causes,

* Imaging evidence of a region of loss of viable myocardium that is
thinned and fails to contract in the absence of a nonischemic cause.

» Pathologic findings of previous MI.

CABG, Corona y artery bypass grafting; ¢fn, cardiac troponin; LEEB, left bundle
branch block;, PCI, percutaneous coronary intervention; URL, upper referance limit.
Fram Thygesen K, Alpert J5, White HD, et al. Universal definition of myocardial
infarction. J Am Coll Cardiol 2012;60:1581.




TABLE 58.3 Causes of Myocardial Injury

Injury Related to Primary Myocardial Ischemia Injury Mot Related to Myocardial Ischemia

Plague rupture Cardiac contusion, surgery, ablation, pacing, or defibrillator shocks
Intralurmninal coronary artery thrombus formation Rhabdomyolysis with cardiac involvement

Injury Related to the Supply-Demand Imbalance of Myocarditis

Myocardial Ischemia Cardictoxic agents (e.g., anthracyclines, trastuzumab [Herceptin])

Tachyarrhythmias/bradyarrhythmias Multifactorial or Indeterminate Myocardial Injury

Bortic dissection or severe aortic valve disease Heart failure

Hypertrophic cardiomyopathy Stress (takotsubo) cardiomyopathy

Cardiogenic, hypovolemic, or septic shack Severe pulmonary embolism or pulmonary hypertension

Severe respiratory failure Sepsis and critically ill patients

Severe anemia Renal failure

Hypertension with or without left ventricular hypertrophy Severe acute neurclogic diseases (e.g., stroke, subarachnoid hemorrhage)

Coronary spasm Infiltrative diseases (e.qg., amyloidosis, sarcoidosis)

Coronary embalism or vasculitis ‘
ry Strenuous exercise

Coronary endothelial dysfunction without significant coronary artery disease

From Thvaesan K Alpart 15, White HD. at all Universal definition of mvocardial infarction.  Am Coll Cardiod 2012 :60:1587.




A Clinicianshould not wait for the results dfiomarker assays
to initiate treatment of patients with STEMI. Given the
urgency forreperfusion in patients with STEMI, a rapid clinical
assessment anthe 12-lead ECG should serve to initiate such
strategies

A Necrosis compromises the integrity of tearcolemmal
membrane intracellularmacromolecules (serum and plasma
cardiac markersbeginto diffuse into the cardiamterstitium
and ultimately intothe microvasculaturandlymphaticsin the
region of the infarctiig 58.17, see Tabl&8.3).
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FIGURE 58.17 Releass of biomarkars into the droulation bsgins with prolonged
tschemia and subsequent necrosis that results in koss of integrity of the cellular
membranes. After dsruption of the sarcolemmal membrane of the cardiomyccyte,
the cytoplasmic pool of biomarkers is releasad first (sftmost srmow in bottom portion
of the top panel). Markers such as myoglokin are releassd rapidly, and blood levels
rise quickly abowe the cutoff limit. More protracted release of biomarkers from the
disintegrating myofilaments follows and may continue for several days (three-headed
arrowy) Cardiac troponin lewels rise to substantially higher multiples of the upper
referance limit (the 9%th percentile of values in a refersnce control group) compared
with CE-MB in patients with acute myocardial infarction (MI) and sustain sufficient
myccardial necrosis that results in abnomally eevated kevels of CE-AME. Clinicians
can now diagrose M by mone sensitive assays that detect even small elevations in
cardiac troponin above the upper reference limit, even though levels of CE-ME and
troponin determined from older generations of assays may still be below the M
decision limit. Other causes of myecandial injury such as renal failure or pulmaonany
ermbolism, can lead to detectable levek of cardiac troponin even without any coronany
artery disease (lower panel). AMI, Acute myocardial infarction; CAD, comonary artery
disease; UA, urstable angina. (Modified from Artman EM. Decision making with
cardiac troponin tests. N Engl ) Med 2002;346:2079; laffe A5, Babiun L, Apple F5.
Biomarkers in acute cardiac disease: the pressnt and the future. J Am Coll Cardial
2006;458:1; and Reichlin T et al. One-hour rule-out and rule-in of acute myocardial
infarction using high-sersitivity cardiac troponin T. Arch Intern Bed 2012172:1211.)

troponin and CE-ME is unnecessary.' Use of conventional troponin
assays permit the routine diagnosis of Ml by obtaining measurements
at initial evaluation and then 3 to & hours later (see Table 58.10. The
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
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A The rate of appearance of thesgacromolecules ithe
peripheral circulation depends on several factong]uding
Intracellularlocation, molecular weight, local blood and
lymphatic flow and the rate of elimination from blood

A CardiacSpecific Troponins

A The preferred biomarker to detect myocardial injury is cardiac
troponin, whichconsists of three subunits that regulate the
calciummediated contractilgorocess of striated muscle.




A These subunits includeoponin G which binds C&; troponin
| (Tnl), which binds to actin anihhibits actirmyosin
Interactions; and troponin TTQT), which bindgo
tropomyosin thereby attaching the troponin complex to the
thin filament (Fig.58.17). Although mosiinTs incorporated in
the troponin complex approximately6% to8% is dissolved in
the cytosol; in contrastapproximately2% to3% ofTnlis
found in a cytosolic pool

A Followingmyocyteinjury, the initial release of cardisgpecific
TnTandTnlis fromthe cytosolic pool, followed subsequently
by release othe myofilamentbound protein.




A Different genes encod&nTand Tnlin cardiacand skeletal
muscle, thus permitting the production specific antibodies
for the cardiac formsaInTandcTn), whichenables
guantitative measurementDetection of a rise and fall giInT
or cTnlin the appropriate clinical setting is the cornerstone of
the diagnosticriteria for Ml

AWhen interpreting the results of assays &@mTor cTn|
clinicians must recognize several analytic issues. Multiple
manufacturers produceTnassays using different troponin
epitopes for detection, which has resulted in varying referenc
levels.




A In patients with M) concentrations ot TnTand cTnldetected
by conventional assays (nghigh-sensitivity) canbe detected
approximately3 hours after the onset of chegiain.

A Because of continuous release frentegeneratingontractile
apparatusin necroticmyocytes elevations ircTnimay persist
for 7 to 10days after Ml elevationan cTnTmay persist for up
to 10to 14 days Fig.58.17).




A Theprolonged timecourse of the elevation inTnTandcTnlis
advantageous for the latdiagnosis oMI. Patients with STEMI
who undergosuccessful recanalization thfe infarctrelated
artery have a rapidelease ofcardiac troponins, which can
Indicate reperfusiorfFig.58.18.




CARDIAC MARKERS IN STEMI
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FIGURE 58.18 The kinetics of the release of CK-MB and cardiac troponin in
patients who do not undergo reparfusion is shown in the sofid biue and red curnves
as multiples of the upper reference limit (LEL) When patients with STEMI undergo
reperfusion, as depicted in the dashed biue and red curves, the cardiac biomarkers
are detected sooner and rise to a higher peak value but decline more rapidly, which
results in a smaller area under the curve and limitation of infarct size. AMI, Acute
myocardial infarction. (Modified from Antman EM, Anbe DT, Armstrong PW, 2t al.
ACC/AHA guidelines for the management of patients with STelevation myocardial
imfarction: a report of the American College of Cardiclogw&mercan Heart Assodation
Task Force on Practice Guidelines [Committes to Revise the 1999 Guidelines for the
Managerment of Patients w th Acute Myocardial Infarction]. Cirodlation 2004, 110282 )




AHIGHSENSITIVITY CARDIAC TROPONIN.

A Highsensitivity assayseliver enhancednalytic performance,
thus enablingnore precisameasurement overy low
concentrations otardiacspecifitroponin.

A Experts recommend thahe term highsensitivitytroponin
(hsTn) be reserved for assays thedn detectcardiac troponin
In more thans50% ofan apparently healthpopulation.

A Such assays have greater sensitithign previousgeneration
assays, bualso havadiminished clinical specificifgpr Ml
because they detect trumyocardial injuryn a variety of
other clinical settings.




A In addition, highsensitivityassays likelgetect troponin
releasemuch earlietthan oldergenerationassays
Neverthelessin multiple studie®f patientswith
nontraumaticchest painhsTnassays have improveaerall
diagnosticaccuracy and enableghrlier detectionof
myocardialinjury.

A Moreover,hsTnassays facilitatéhe adoptionof criteria for
rapidly changing concentration @¢bponin overperiods as
short asl to 3 hours that aid in discriminatingcute
myocardialnjury from chronically elevated values caused by
underlying structuraheart diseased.g, left ventricular

hypertrophy).
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of diagnostic testing with cardiac troponin as well as permit
rapid exclusion of MI in patients without changing values of
hsTn

A CreatineKinase MBsoenzyme

AIf a cardiaespecific troponin assay is not available;\@K
measured witha mass assay Is he best alternative. Cardiac
musclecontains botithe MM and the MBsoenzymeof CK.
Other tissues canontain smalfuantities o CKMB, including
the small intestine, tonguediaphragmuterus, and prostate.
Strenuous exercise, particulartytrainedlong-distance
runners or professional athletes, catevate bothtotal CK and
CKMB.




A Because GKIB can be detected ithe bloodof healthy
persons, the cutoff value for abnormal elevatiohCKMB is
usually set a few units above the upper reference limit jURL
for a given laboratory (see Fig3.17).

A Aswith cardiaespecific troponinthe diagnosis of Ml requires
a maximal concentration dfkMB exceedinghe 99th
percentile of values for sespecific referencéevels ontwo
successive samples in a rsed fall pattern CKMB mayrise
In circumstances involving severe skeletal muscle injury.




Recommendations for Measurement of
Circulating Markers

A All patients with suspected MI should undergo measurement
of cardiaespecifictroponin as soon as possible at the initial
encounter.

AIn patients with STEMI the results of biomarker assessment
should notdelay interventions to achieve immediate
reperfusion.From a coseffectivenesgerspective, measuring
both acardiacspecifictroponin and CKMB is unnecessary
Useof conventionakroponin assaypermit the routine
diagnosis of Ml by obtaininmeasurements ainitial
evaluation and ther8to 6 hours later éee Tableb8.1).




A The useof highsensitivity assays can reduce the interval
between testingo 1to 2 hours in patients without diagnostic
ECG change&merging datauggest that an initiddsTnvalue
below the limit of detectiormay providea sufficiently high
sensitivity and negative predictivalue toenable discharge

A Latertestingis required only whemncertainty exists
regarding the onset of pain or when stuttering symptoms
OCcCur.

A Testing beyon@ hours from hospital arrival should also be
considered fopatients who arrive very early 2dours) after
symptom onset.




Other Biomarkers

A Other biomarkers may be used noninvasively to assess the
potential causesnd complications of MI.-€@active protein
(CRP) risesubstantially irthe setting of STEMI as a result of
the inflammatoryresponse tanyocytenecrosis and is
associated with the subsequent rigk deathor HF.

A Natriureticpeptides reflect the hemodynamic impaat the
M| and are associated with prognaosis

A Although 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

A Serum Lipids

A During the firs4 to 48 hours after admission, total
cholesteroland highdensitylipoprotein (HDL) cholesterol
remain at or neabaseline valuedout they generally fall after
that.

A Thefall in HDLcholesterol aftetSTEMI is greater than tiall
In total cholesterol; thus theatio of total cholesterol to HDL
cholesterol is no longer useful fask assessmentnless
measured early after M.




A All patients withSTEMI admitteavithin 24 hours of symptom
onset should have a lipid profildthoughregardless of lipid
levels and unless contraindicatedl| patientswith STEMI
should receive higintensity statin therapy.

A Lipid levelsmaystil be clinically useful for patients admitted
beyond24to 48 hours, but further measuremen#to 8
weeks after Mprovide moreinformative determination of
serum lipid concentrationdncreased triglyceridesay offer
additional risk stratification beyond L2ahd HDIcholesterol
levels.




Hematologic Findings

A Elevation of the white blood cell count usually develops within
2 hoursafter the onset of chest pain, reaches a p@ak 4
daysafter infarction and returns to normal id week; the
peak leukocyteount generallyanges betweeri2and 15 x
103mL but occasionally risée ashigh as20x 103mL in
patients with large STEMI

A Frequentlythere isan increase in the percentage of
polymorphonucleateukocytesand aleft shift of the
differential count. In epidemiologic studigsgher whiteblood
cell counts at initial evaluation in patients with ACS are
associated with an increased risk for adverse clinical outcome




A The erythrocyte sedimentation rate (ESR) is usually nottmeal
first couple days after infarction. It then rises to a peak on the
fourth or fifth day and may remain elevated for several weeks
Theincrease irthe ESR does not correlate well with the size o
the infarctionor with prognosis

A The hematocrit often increases during the fifstv daysafter
Infarction as a consequence leémoconcentrationThe
hemoglobinvalue at initial evaluation of a patient with STEMI
IS strongly associatedith the risk of recurrent major
cardiovasculaevents followinga 3shaped relationship.




A Cardiovascular mortalitincreases progressivess the initial
hemoglobin value falls belod4 to 15 g/dL; conversely, it also
risesasthe hemoglobin level increasedovel7 g/dL

A Theincreased risk from anemia is probably related to
diminished tissualelivery of oxygen, whereas the increased
riskwith polycythemiamay be relates to an increase in blood
VISCosity.




ST-Elevation Myocardial Infarction:
Management

APREHOSPITAL MANAGEMENT

A Given the progressive loss of functionimgocyteswith
persistent occlusiownf the infarct related artery s TEMI,
Initial management aims to restore blood flow to the infarct
zone agapidly as possible. Primary PCI is generally the
preferred option providedthat an experienced operator and
team can perform itn timelyfashion




A Missed opportunities for improvement in the care of STEMI
Include failure to deliver any form of reperfusion therapy in
approximatelyl5% of patients and failure to minimize delays
In reperfusion because of inefficient systems of care

A Theprehospitalcare of patients suspected of having STEMI
bears directlyon the likelihood of survival Most deaths
associatedvith STEMbccur within the first hour of its onset
and usually resulrom ventricularfibrillation (VB.




AMajor components of the time from the onset of
Ischemic symptoms to reperfusion includg the time
for the patient to recognize the problem and seek
medical attention; 2) prehospitalevaluation, treatment,
and transportation; 8) the time for diagnostic measures
and initiation of treatment in the hospital (e.g., dotw-
YVSSRESéE UAYS T2 fdinaWticahehty (i a
YR dRRS2AW OS¢ GAYS F2NI LI |
catheterbased reperfusion strategy); and)) (the time
from initiation of treatment to restoration of flow.




A Health care professionals should heighten the level of
awareness opatients at risk for STEMI (e.g. those with
hypertension, diabeteshistoryof angina pectoris). They
should use each patiemncounteras a0 SIF OKI 6 f S
to review and reinforce with patientand theirfamilies the
need to seek urgent medical attention fopattern of
symptoms that includes chest discomfort, extreme fatigue,
and dyspnea

A Patientsshould also be instructed in the proper use

sublinguahitroglycerin and to call emergency services if the
Ischemic type discomfogiersists for more tha®b minutes.
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TABLE 59.2 Interventions to Improve
Door-to-Device Times

1. A prehospital ECG for diagnosing STEMI is used to activate the PC
team while the patient is en route to the hospital.

2 Emergency physicians activate the PCI team.
3 Asingle call to a central page operator activates the PCI team.

4. A goal is set for the PCl team to arrive at the catheterization laboratory
within 20 minutes after being paged

5. Timely data feedback and analysis are provided to members of the
STEMI care team.

From O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCHAHA guideline for the
management of 5T-elevation myocardial infarction: a report of the Amencan College
of Cardiclogy FoundationfAmerican Heart Association Task Force on Practice
Guidelines. 1 Am Coll Cardiol 2013:61:e78.




Emergency Medical Service
Systems

A The expanded capability to recorcheehospitall2-lead
electrocardiogran{ECG) represents a major advance in EMS
systemgTable59.2).

A The ability to transmit such ECGs and to actitageSTEMI
care team before arrival at the hospital places EMS efforts at
the centerof the early response t8 TEMI.




A In addition to promptdefibrillation, the efficacy oprehospital
care appear$o depend on several factors, including early
relief of pain withits deleterious physiologsequelae
reduction of excessivactivity ofthe autonomic nervous
system, and treatment of arrhnythmiasich assentricular
tachycardia (VT) but these efforts must notlelay rapid
transfer to thehospital.(Fig.59.2).




Hospital fibrinolysis:
Door-to-needle time <30 min

) - | Not PCI
Activate | : HUEDltEI “| capable
Patient EMS EMS on scene arrval |
onset of *| dispatch Consider prehospital triage confirmed fransfer
STEMI fibhrinolytic if capable and plan 12-lead ECG l
EMS-to-needle ime <30 min (=10 min) ==
Goals ? capable
EMS on
Fatient Dispatch sCcene EMS transport EMS fransport EMS-device =50 min
- & &
5 min after 1 min =B min Patient zelf-tranzport: hospital door—to-device =90 min
symptom onset
» &
Total ischemic time: <120 min
If anticipated
Mot PCI FMC-to-device time S - Clinical course/noninvasive risk
capable [ >120min | T DMNolysis |— stratification
(class I) | | |
Rescue Routine invasive Ischemia +
If anticipated (class lla) {::"24 Tlr} dlmrenl Late hospital care and
FMC-device (class lla) (class 1) | sacondary prevention
=120 min £ &
(class [} Transferred for
l FCl or CABG
Initially seen at -
PCI PCl-capahble _| Primary
capable hospital " PCl




A The presence of SSegment elevation on the ECG in a patient
with ischemiadiscomfort highly suggests thrombotic occlusion
of anepicardialcoronary artery and should trigger a well
rehearsedsequence ofapid assessment of the patient for
Initiation of a reperfusiorstrategy.

A Criticalfactors that weigh into selection of a reperfusion
strategyincludethe time elapsed since the onset of
symptoms, the rislkassociated wittSTEMI, the risk elated to
administering dibrinolytic, andthe time required toinitiate
an invasive strategysée Fig59.2).

A In norgPClcapableospitals the initial assessment should
Includeevaluation ofthe contraindications to administration
of afibrinolytic (Table59.3).




TABLE 59.3 Contraindications to and Cautions in the Use
of Fibrinolytics for Treating ST-Elevation Myocardial
Infarction*

Absolute Contraindications
Any previous intracranial hemorrhage

Known structural cerebral vascular lesion (e g., arteripvenDUS
malformation)

Known malignant intracranial neoplasm (primary or metastatic)

Ischemic stroke within 3 months except acute ischemic stroke within 4.5
hours

Suspected aortic dissection
Active bleeding or bleeding diathesis (excluding menses)

Significant closed-head or facial trauma within 3 months

Intracranial or intraspinal surgery within 2 months
Severe uncontrolled hypertension (unresponsive to emergency therapy)

For streptokinase, previous treatment within the previous & months




Relative Contraindications
History of chronic, severe, poorly controlled hypertension

Significant hypertension at initial evaluation (SBP =180 mm Hg or DBP
=110 mm Hg)’

History of previous ischemic stroke =3 months

Dementia
Known intracranial pathology not covered in Absolute Contraindications

Traumatic or prolonged (=10 minutes) cardiopulmonary resuscitation
Major surgery (=3 weeks)

Recent (within 2 to 4 weeks) internal bleeding

MNoncompressible vascular punctures

Pregnancy
Active peptic ulcer
Oral anticoagulant therapy




A A history of ischemitype discomfort and thénitial 12-lead
ECG are the primary tools for screening patients wdhsible
acutecoronary syndrome (ACS) for STEMI

A Becauséghe 12-lead ECG is at the center of the decision
pathway forinitiation of reperfusion therapy, it should be
obtainedpromptly (0 minutes after hospital arrival) in
patients with suspectetschemic symptoms.

A More extensive use girehospitall2-lead ECGBas also
facilitated early triage of patients with STEMEecausdethal
arrhnythmiascan occur suddenly in patients with STEMI, all
patients shouldhave bedside monitoring of the ECG and
Intravenous (IYaccess




A Benchmarks for medical systemsuse whemassessing the
guality of their performance are @oor-to-needle timeof 30
minutes or less for initiation dfbrinolytic therapy anda door
to-devicetime of 90 minutes or less for percutaneous
coronary perfusion.

A In patients with a clinical historguggestive oSTEMandan
initial nondiagnostiECGi(e, noSTFsegment deviation or T
wave inversion), serial tracingbould beobtained during
evaluation in the ED.




General Treatment Measures

A Aspirin

A Aspirin is effective across the entire ACS spectrum and is par
of the initialmanagement strategy for patients with suspected
STEMIBecause lovdoses take several days to achieve a full

antiplatelet effect,162to 325mg should be administered at
the first opportunity aftennitial medicalcontact

A To achieve therapeutic blood levels rapidhe patientshould
chew a nowenteric-coated tablet to promoteouccal
absorptionbypassing the gastric mucosa.




Control of Cardiac Pain

A Initial management of patients with STEShould targetrelief
of pain and its associatatkightened sympathetiactivity.
Control of cardiac pairs typicallyachieved with a
combination ofanalgesicsd.g., morphine) and interventions
to favorably improveahe balance of myocardial oxygenopply
anddemand, including oxygen (in the settinfjhypoxig,
nitrates, and in appropriatelgelected patientsbeta
adrenergic receptayblockingagents beta blockers.




Analgesics

A Although a wide variety of analgesic ageriteluding
meperidine pentazocine and morphine cantreat the pain
associated with STEMhorphine remainghe drug of choice,
exceptin patientswith well-documented morphine
hypersensitivity.

A Doses oft to 8 mgadministered intravenouslinitially,
followed by doses a? to 8 mg repeated at intervals &@to 15
minuteshave beermrecommended until the pain is relievex
sideeffects emerge hypotension, depressioof respiration
or vomiting

A Appropriate dosingf morphinesulfate will vary, however,
dependingoriit KS LJF G A S ysizeddoodbrasSuke BP) 2 R
and heart rate (HR).




A Reduction of anxiety with successéulalgesia diminishetsie
LI G ASYydQa NB adiditybadtlze Wusoaamic | y R
nervous system, with a consequaeduction int KS K S|
metabolic demands, and possible favorable effents
myocardialhealing.

A Morphine has beneficiagffects inpatients with pulmonary
edema as a result of peripheral arteraald venouslilation
(particularly in those with excessiggmpathoadrenal
activity); it reduces the work of breathing and slows the HR
secondary tacombined withdrawal of sympathetic tone and
augmentationof vagalone.




A Countebalancing these potential benefitepservational
studieshave suggested an association between the
administration of morphin@nd adverse outcomes in patients
with ACS, witlthe putativemechanism being a slowing of
antiplatelet agentabsorption.

A Maintaining the patient in a supine position and elevatihg
lower extremities if BP falls can minimize hypotension
followingthe administrationof nitroglycerin and morphine.
Such positionings undesirablen patients with pulmonary
edema, but morphingarely producesypotension in these
circumstances. |V administratiari atropinemay be helpful in
treating excessiveagomimeticeffects ofmorphine.




Nitrates

A By virtue of their ability to enhance coronary blood flow by
coronary vasodilatioand to decrease ventricular preload by
Increasingzenous capacitangesublingual (SL) nitrates are
Indicated for mospatients withan ACS. At present, the only
groups of patients with STEMIwhomSL nitroglycerin should
not be given are those witbuspected rightentricuar (RV)
Infarctionl8 or marked hypotensione(g, systolic BR90O mm
Hg), especially if accompanied itmadycardia




A Once hypotension is excluded, an SL nitroglycerin tablet
should beadministered and the patient observed for
Improvement insymptoms orchange in hemodynamics. If an
Initial dose is well toleratednd appearso be beneficial,
further nitrates should be administeredhile monitoringvital
signs.

A Evensmall doses can produce suddeypotension and
bradycardia a reaction that can usually be reversed whkh
atropine.




A Longacting oral nitrate preparations should be avoidadhe
early course of STEMI because of the frequently changing
hemodynamic statusf the patient. In patients with a
prolonged periof waxingand waning chest pain, 1V
nitroglycerin may help contrahe symptomsand correct the
Ischemia, but frequent monitoring &P iequired.

A Initiation of a reperfusion strategy in patients wigiTEMI
shouldy 23 0S RSftlF@SR gKAES | aa
to SLor IV nitrates.




Beta-Adrenergic Blocking
Agents

A Beta blockers aid in the relief of ischemic pain, reduce the
needfor analgegsin many patients, and reduce infarct size
andlife-threatening arrhythmiasAvoiding early 1V beta
blockers in patients witlKillipclassll or greater is important,
however, because of the risk pfecipitating cardiogenic
shock

A Routine use of IV beta blockers islbager recommendedh
patients with STEMI, but IV administration dbeta blockerat
the initial evaluation of patients with STEMI waie
hypertensiveand have ongoing ischemia is reasonable.




A A practical protocol for use of a beta blocker in this situation
follows. First exclude patients with heart failure (HF),
hypotension gystolic BRROO mm Hg) bradycardigd HR €0
beats/min), orsignificantatrioventricular(AV) block

A

A Second administermetoprololin three 5-mg 1V boluses.
Third, observe the patient fd2 to 5 minutesafter each
bolus, and if HR falls belo®? beats/min or systolic Bfalls
below100mm Hg, do not administer any further drug.

A Fourth, if hemodynamicstability continuesl5 minutes after
the last IV dosgbeginoral metoprololtartrate, 25to 50 mg
every6 hours for2 to 3 daysas tolerated, and then switch to
100mg twice daily




A Lowerdoses maye used in patients who have a partial
decline in BP witlthe initialdosing or who appear to be at
higher risk (e.qg., larger infarctipfor development of HF
becauseof poor leftventricular (LYperformance.

A Infusionof an extremely shoricting beta blockesuch as
esmolol 50to 250> &g/min, may be useful in patients with
relative contraindication$o the administration of a beta
blocker and ivhom HRslowing is considered highly
desirable.




Oxygen

A Hypoxemia can occur in patients with STEMI and generally
results fromventilation-perfusion abnormalities that are
sequelaeof LV failure concomitantintrinsic pulmonary
disease may also contribute hypoxemian some patients

A Treating all patients hospitalizédr STEMWwith oxygen for at
least24to 48 hours is commoipractice basean the empiric
assumption of hypoxia and evident®t increasedxygen in
the inspired air may protect ischemic myocardium

A However, augmentation of the fraction of oxygen in inspired
air (FIQ) doesnot elevate @ delivery significantly in patients
who arenot hypoxemic




A Furthermore, it may increase systemic vascusistance and
arterial pressure, promote coronary vasoconstriction, and
result ingreater oxidative stress. Moreover, in a randomized
trial comparing oxyge8 L/min) with no supplemental oxygen
In 441 patientswith STEMbut without hypoxia, compared
with the control therapysupplemental Q therapy
demonstrated a trend toward increas&drly myocardial
Injury measured with cardiac troponin

A In asecondary analysi€2 supplementation was associated
with increasednyocardial infarcsize assessed by cardiac
magnetic resonance imaging (CMRR6 months.




AIn view ofthese considerations, arterial oxygen saturation
(Sa@) canbe estimated by pulseximetry, and @ therapy
can beomitted if the oximetricfindings are normal. On the
other hand, patientwith STEM&and arterial hypoxemia (e.g.
SaQ@ <90%) should receive oxygen

A In patients with severe pulmonary edema, endotracheal
Intubation andmechanical ventilation may be necessary to
correct thehypoxemia andeduce the worlof breathing.




REPERFUSION THERAPY

A Although late spontaneous reperfusion occurs in some
patients thromboticocclusion persists in most patients with
STEMITimely reperfusiomf jeopardized myocardium is the
most effective wayf restoringthe balance between
myocardial oxygen supply am@mand.

A The dependence of myocardial salvage on the time elapsed
until treatment pertains to patients treated with either
fibrinolysis oPCI.

A Each30-minute delay from symptoronset toPCl increases
the relative risk (RR) fdryear mortality by8%.




Pathophysiology of Myocardial
Reperfusion

A Prevention ofcell death by restoration of blood flow depends
on theseverity and duration of the preexisting ischemia.
Substantial experimentand clinical evidence indicates that
the earlierblood flowis restored, the more favorable the
recovery of LV systolic functipimprovementin diastolic
function, and reduction ioverall mortality.

A Collateral coronary vessels also appear to infludn¢e
function after reperfusion




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

A Even after successful reperfusion and despite the absence o
irreversible myocardial damage, a periodpoistischemic
contractile dysfunction can occura phenomenon called
myocardial stunning.




Fibrinolysis

A Fibrinolysisanrecanalizehe thrombotic occlusion associated
with STEMland when achieved, restoration of coronary flow
reducesinfarct sizeand improves myocardial function and
survival over boththe shortand the long termPatients
treated within the firstl to 2 hours afterthe onset of
symptoms seem to have the greatest potenfml longterm
Improvement in survival with fibrinolysis.




TABLE 59.4 Comparison of Approved Fibrinolytic Agents

SPECIFICITY

FIBRINOGEN PATENCY RATE

FIBRINOLYTIC AGENT

Fibrin Specific

Tenecteplase (TNK)  Single IV weight-based bolus’

Reteplase (1-PA) 10 units + 10-unit IV boluses given 30 min apart
Alteplase (t-PA) 90-min weight-based infusion*

Non-Fibrin Specific

Streptokinase® 1.5 million units IV given over 30-60 min

DEPLETION  ANTIGENIC ~ (90-min TIMI 2 OR 3 FLOW)

Minimal No 85%
Moderate No 84%
Mild No 73 84%
Marked Yes! 60-68%

r-P4, Reteplase plasminogen activator; t-PA, tissue plasminogen activator,

*Strength of fibrin specificty: ++++ is stronger; ++ is less strong.

"Bolus of 30 mg for weight less than 60 kg, 35 mg for 60 to 69 kg, 40 mg for 70 to 79 kg, 45 mg for 80 to 89 kg, and 50 mg for 90 kg or greater
*Bolus of 15 mg, infusion of 0.75 markg for 30 minutes (maximum, 50 mg), then 0.5 ma/kg (maximum, 35 mg) over the next 60 minutes; the total dose not to exceed

100 ma.

“Streptokinase is no longer marketed in the United States but is available in other countries,

WStreptokinase is h ghly antigenic and absolutely contraindicated within 6 months of previous exposure because of the potential for serious allergic reaction,




Choice of Agent

A The choice ofibrinoly icin hospital systems is generally driven
by the desireto establish consistent protocols within the
health caresystem byweighing ease of dosing, cost, and other
Institutional preferences.

A In patientsseen early with acceptable bleeding risk, a high
Intensity fibrinspecificregimen such as accelerateeRA,
reteplase ortenecteplase isusuallypreferable.

A




A In 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

A In patients who are to be treated with a fibepecific
fibrinolytic, we believe that clinicians should use a bolus
fibrinolytic such ageteplaseor tenecteplase Bolus
fibrinolyticshave a lower chance of medication errors and are
associated with lessoncerebrableeding as well as offering
the potential forprehospitaltreatment.




Late Therapy

A No mortality benefit was demonstrated in the LATE and
EMERAS trialshenfibrinolyticswere routinely administered
to patientsbetweenl12 and24 hours, although we believe
that it is still reasonablé considerfibrinolytictherapy when
PCI is not available, fappropriately selectegatients with
clinical and electrocardiographic evidenmieongoingischemia
within 12to 24 hours of symptom onset andlarge areaof
myocardium at risk or hemodynamigstablity.




A Persistent chespain late after the onset of symptoms
correlates with ahigher incidencef collateral or anterograde
flow in the infarct zone ant thereforea marker for viable
myocardium that might be salvaged.

A Because elderly patients treated witibrinolytic agents more
than 12 hours after the onset of symptoms have an increased
risk forcardiac rupture we believe that restricting late
administration of dibrinolyticto patients younger tha®5
years with ongoing ischemia is preferable.

A An elderly patient with ongoing ischemic symptoms but
Initially seen late(>12 hours) is better managed with PCI than
with fibrinolytic therapy




CatheterBased Reperfusion
Strategies

A Catheterbased strategies can also achieve reperfusion of the
Infarct artery This approach has evolved from passage of a
ballooncatheter overa guidewirein the culprit vessel only to
now include potenbral antiplatelettherapy, multiple options
or anticoagulants, andoronary stentswith the possibility of
multivessekevascularization

A PCI used agrimary reperfusiortherapyin patients with
STEMI is referretb asdirect or primary PCIIffibrinolysis has
failedto reperfusethe infarct vessel, or a severe stenosis is
present in theinfarct vesseéfter fibrinolysis, rescue PCI can
be performed

A




A A strategy of routine delayed angiography and PCI after
successfulibrinolytic therapy may also be consideréd.
Finally, a conservative approach of elective PCI only when
spontaneous or exercis®vokedischemia occurs may be used
to manage patients with STEMI, regardless/béthethey
have received a previous coursefioir nolytictherapy or no
Initial reperfusion therapy

A Several randomized trials have suggedtest astrategy of
multivesselPCl, either at the time of primary PCI oraas
planned staged procedure, may be safe and may improve
outcomes inhemodynamicallystable patients with STEMI.




A Thesefindings haveorompted a change in recommendation
from class Il tdlb for considerationof mult vessel PCI in
stable patients with STENMAspirationthrombectomyat
primary PCI now has a classddommendation basedn trial
data showing no improvement in cardiovascular)(CV
outcomesand a possible increase in stroksk.

A Radial arteryaccess noviends to be favored over femoral
artery access in primafyCl basedn the MATRIX (Minimizing
AdverseHaemorrhagic&ventsby TransradiaAccess Site and
Systemic Implementation &ngioX trial, which
demonstrated a reduction in bleatgand mortality Finally
studiessuggest that newegeneration druegluting stents
(DESshnay resultin lower rates of repeat revascularization
with equivalent rate®f stentthrombosis compared to
contemporary baremetal stents (BMSSs).




Surgical Reperfusion

A Providing surgical reperfusion in a timely fashion is usually n
logisticallypossible. Therefore, patients with STEMI who are
candidatedor reperfusionshould undergo either immediate
fibrinolysis or PCI

A However, patients with STEMI are currently referred for CAB
for persistentor recurrent ischemia despite fibrinolysis or
primary PCI withresidual coronary disease not amenable to
PCI, highrisk coronary anatomye.qg., left main stenosis)
discovered at initial catheterizatigrora complication of
STEMI such as ventricukeptalrupture orsevere mitral
regurgitation caused by papillary muscle dysfunction.

A STEMI patientwith continued severe ischemic and
hemodynamianstability willprobably benefit from
emergency revascularization.




TABLE 59.5 Indications for Coronary Angiography in
Patients Who Were Managed with Fibrinolytic Therapy or
Who Did Not Receive Reperfusion Therapy

RECOMMENDATION COR LOE
Cardiogenic shock or acute severe heart failure that I B
develops after initial evaluation
Intermediate- or high-risk findings on predischarge I B
noninvasive ischemia testing
Spontaneous or easily provoked myocardial ischemia I C
Failed reperfusion or reocclusion after fibrinolytic therapy lla
Stable* patients after successful fibrinolys s—before lla B

discharge and ideally between 3 and 24 hours

COR, Class of recommendation; LOE, level of evidence.

*Although individual circumstances vary, clinical stability is defined as the absence
of low output, hypotension, persistent tachycardia, apparent shock, high-grade
ventricular or symptomatic supraventricular tachyarrhythmias, and spontanecus
recurrent ischemia.




Anticoagulant and Antiplatelet
Therapy

A AnticoagulantTherapy

A The rationale for administering anticoagulant therapy acutely
to patients withSTEMI includes establishing and maintaining
patency ofthe infarctrelatedartery, regardless of whether a
patient receivedibrinolytic therapy, andoreventing deep
venous thrombosigpulmonaryembolismventricular
thrombus formation, anaterebralembolization.




Effect of Heparin on Mortality

A Randomized trials of patients with STEMI conducted in the
prefibrinolyticerashowed a lower risk fareinfarction,
pulmonary embolismandstroke in those who received IV
heparin, thus supportinghe administrationof heparin to
STEMI patients not treated wifibrinolytic therapy.

A Several angiographic studibave examinedhe role of
heparin therapy in establishing amaaintaining patencyf the
Infarct-related artery in patients with STEMilthough
evidencefavoring the use of heparin in conjunction with a
fibrin-specificfibrinolyticagent for enhancing patency of the
Infarct artery isnot conclusivethe suggestion of a mortality
benefit and amelioratiorf LVthrombi after STEMI supports
the use of heparin for at leadt8 hoursafter fibrinolysis




A The most serious complication of anticoagulant therapy is
bleeding, especiallyntracranial hemorrhage. Major
hemorrhagic evers occur more frequently in patients with
low body weight advancedge, female sex, marked
prolongation of the activategartialthromboplastintime
(APTT) (80to 100seconds), angerformance ofnvasive
procedures Freqguent monitoring of the APTr&éduces theisk
for major hemorrhagic complications in patients treatedh
heparin

A Duringthe first 12 hours afterfibrinolytic therapy, however
the APTT may be elevated as a result offtbanolytic agent
alone particularly if streptokinase is administered), thus
making Itdifficult to interpret accurately the effects of a
heparin infusiononthéJ- 0 A Sy {0 Qasta@® I I dzf I {




Low-Molecular-Weight
Heparins

A Advantages of lownolecularweight heparins ( MWHS)
Includea stable reliable anticoagulant effect, high
bioavailabilitypermitting administratiorvia the subcutaneous
(SC) route, and a high atd anti-llaratio producing
blockade of the coagulation cascadeaim upstreamocation
and greatlyreducingthrombin generation.

A The primaryrole of LMWH for management of STEMI is as an
adjunctto fibrinolytic therapy. Although LMWHSs do not
Improve the rate okarly 60to 90 minutes) reperfusion of the
Infarct artery, LMWHeduces rate®f reocclusiorof the
Infarct artery,reinfarction, orrecurrent ischemievents

A




A This effect may underlie the significant reduction in recurrent
MI with a strategy of extended anticoagulation with LMWHS,
or a factorXaantagonist versus standard therapy, in patients
with STEMI undergoing fibrinolysis

A Several trials have compared a LMWH with UFH as part of
pharmacologieceperfusion strategy and demonstrated the
LMWHTto be superior

A In the ASSENT (Assessment of the SafetyEffiwhicy of
New ThrombolyticB trial, enoxaparin30-mg IV bolus,
followed bySC injections df mg/kg everyl2 hours until
discharge fronthe hospital)reduced30-day mortality, iR
hospitalreinfarction, orinhospitalrefractoryischemia
compared withUFH. Theate of intracranial hemorrhage was
similar withUFH andenoxaparin




Recommendations for Anticoagulant Therapy
ANTICOAGULATION WITH FIBRINOLYSIS.

A A regimen of an IWFH bolu®f 60 units/kg to a maximum of
4000units, followed byan initialinfusion atl2 units/kg/nr to
a maximum ofL00O0units/hr for 48 hours adjusted to
maintainthe APTT at.5to 2 times control approximately50
to 70seconds), is effective in patients receivitimginolytic
therapy.

A Accordingly, patientsnanaged withpharmacologic
reperfusion therapy should receinanticoagulant therapyor a
minimum of48 hours and preferably for the duratioof
hospitalizationafter STEMI, up t8 days Enoxaparin or
fondaparinuxs preferred when administration of an
anticoagulant for longethan 48 hours is planned in patients
with STEMI treated with &brinolytic.




A Enoxaparin should be administered according to age, weight, and
creatinineclearance and be given as an |V bolus, followekbin
minutes by SC injection for the duration of the index hospitalization,
up to 8 days or until revascularizatioRondaparinuxshould be
administered as an initial 1V dose, followed#hhours by daily SC
Injections if the estimatedreatnine clearance is higher th&®
mL/min. If PCl is performed in a patient treated wibtndaparinux
co-administration of an additionantithrombinagent with antg
factor llaactivity is required to mitigate the risk of cathetezlated
thrombosis.

A In patients with a known history of heparinduced
thrombocytopeniapivalirudinin conjunction with streptokinase is a
usefulalternative toheparin For patients who are referred for
CABG, UFHtise preferredantithrombin.




Antiplatelet Therapy for PCI in S{Elevation
Myocardial Infarction

A All patients with STEMI should receive aspirin as soon as
possible aftennitial encounter in the absence of
contraindications. Addinthe P2Y12inhibitor clopidogrelto
aspirin appears to offer additionbkenefit inpatients
undergoing PCI after STEMI

A In patients undergoingither primaryPCI or delayed PCI after
initial therapy for STEMI, thmore potentP2Y12 inibitor
prasugrelwas superior taclopidogrelin reducingthe risk for
CV death, MI, ostroke.




Recommendationdor
Antiplatelet Therapy

A Patients who have not taken aspirin before the development
of STEMI shouldhew norgenteric-coated aspirin, and the
dose should bd62to 325mg initially. During the
maintenance phase of antiplateldterapy followingSTEMI,
the dose of aspirin should be reducedAbto 162mg to
minimize the risk for bleeding

A Lower doses are preferablecause ofhe increased risk for
bleeding with higher doses reported several studiesthe
CURRENO®ASIS trial did not find differences iterms of
efficacy or safety in STEMI patients randomly assign&d to
versus325mg of aspirin.

A If true aspirin allergy is present, othantiplatelet agentsuch
asclopidogrelor ticlopidinecan besubstituted.




A The addition of a PY12inhibitor to aspirin is warranted imost
patientswith STEMIBased on the results of the COMMIT and
CLARITYTIMB8 trials, clopidogre] 75 mg/day orally, is an option for
all patients withSTEMI regardless of whether they receive
fibrinolytictherapy, undergoprimary PCI, or do not receive
reperfusion therapy

A Thedata availablesuggest that a loading dose 30mg of
clopidogrelshould begiven to patients younger thars years who
receivefibrinolytic therapy Data are insufficient in elderly patients
to recommend doading dosen those75years or older who
receive dibrinolytic. Whenprimary PCis the mode of reperfusion
therapy, an oral loading dose 600mg ofclopidogrelbefore stent
implantation is an established treatmerfbllowedby 75 mg daily
Interpatient variability in the respons® clopidogrelcan occuiand
individuals withlesser degrees of platelet inhibition have increased
risk fordeath andischemic complications




A Prasugrelnd tcagrelorgenerally achieve greater degrees o
platelet inhibitionthan clopidogreland can be used to treat
patientswith STEMIOnN the basis of the results of TRIFON
TIMI38 prasugreladministeredas an oral loading dose 60
mg and10 mg dailythereafter demonstratedenefit in
patients with STEMI, but should not beed inpatients with a
history of cerebrovascular disease or who atdaigherrisk for
life-threatening bleeding

A Ticagrelomlso reducedCV eventgompared withclopidogre]
and in PLAT(icagrelorwas administere@s an oral loading
dose 0f180mg and therB0 mgtwice daily. Wherusing
ticagrelor the recommended maintenanaose ofaspirin is
81 mg daily




General Measures

A The managing clinical staff should be sensitive to patient
concerns about prognosis and future productivity. A calm,
guiet atmosphere can help allay anxiety and reduce
adrenergic tone. Use of anxiolytic medications may be
appropriate in some cases.

A To reduce the risk for nausea and vomiting early after
Infarction and to decrease the risk for aspiration, we find it
LINHZRSY G (02 fAYAOD GKS hymowhS y i
or clear liquids during the firgtto 12 hoursafter admission
Thereafter, dietary intervention is an importacbmponent of
an overall strategy for secondary prevention




A Delirium can be provokebly medicationdrequently used in
the hospital, includingntiarrnythmic drugsH2 blockers,
narcotics, and beta blockers. Usepaitentially offending
agents should be discontinued in patients withaomormal
mental status.

A Haloperido] abutyrophenone can be used safelg patients
with STEMI. Stool softeners can prevent constipafind
straining




Physical Activity

AIn the absence of complications, stabilized patients with STE
need notbe confined to bed for more thab2 hours, and
unless theyare hemodynamicallcompromised, they may use
a bedsidecommode shorthafter admission. Progression of
activity should bendividualized depending y U KS LJ
clinical status, age, and physical capacity.

A In patients without hemodynamic compromise, early
mobilization(e.g, sittingin chair, standing, walking around
bed) does not usuallgause importanthanges in HR, BP, or
pulmonary wedge pressure.




Pharmacologic Therapy
Beta Blockers

A Use ofbeta blockers for the treatment of patients with STEMI
can causédoth immediate effects (when the drug is given
early inthe courseof infarction) and longerm effects
(secondary prevention

Almmediate IV administration of beta blockers reduces the
cardiac indexHR, and BFhe net effect is a reduction In
myocardialoxygen consumptioper minute and per beat.
Favorable effects of acut® administratiorof beta blockers
on the balance of myocardiakygen supplyand demand are
reflected in reductions in chest pain,time proportionof
patients with threatened infarction in whor8 TEMI actually
evolves, and in the development of ventricular arrhythmias




A Because betadrenergic blockade diminishes circulating level
of free atty acids (FFAS) by antagonizing tipelytic effects of
catecholaminesand because elevated FFA levels augment
myocardial oxygen consumption and probably increase the
Incidence of arrnythmias, these metabolic actions of beta
blockers may also benefit the ischemic heart. As noted earlie
because early administration of IV beta blockers can cause
detrimental effects in some patients, the present guidelines
omit this therapy for most patients.




TABLE 59.6 Recommendations for Beta-Blocker Therapy for ST-Elevation Myocardial Infarction (STEMI)
RECOMMENDATION

Oral beta blockers should be initiated in the first 24 hours in patients with STEMI who do not have any of the following:
Signs of heart failure or evidence of a low-output state
Increased risk for cardiogenic shock*:
* Age =70 years
+ Systolic blood pressure <120 mm Hg
* Sinus tachycardia >110 beats/min or heart rate <60 beats/min
* Increased time since the onset of symptoms of STEMI
Other relative contraindications to use of oral beta blockers:
* PR interval longer than 0.24 second
* Second- or third-degree heart block
+ Active asthma or reactive airways disease

Beta blockers should be continued during and after hospitalization for all patients with STEMI and no contraindications to their use.

Patients with initial contraindications to the use of beta blockers in the first 24 hours after STEMI should be reevaluated to determine
their subsequent eligibility.

It is reasonable to administer IV beta blockers at initial encounter to patients with STEMI and no contraindications to their use who are
hypertensive or have ongoing ischemia.

COR, Class of recommendation; LOE, level of evidence.
*The greater the number of risk factors present, the highe the risk for development of cardiogenic shock.




Selection of Beta Blockers

A Favorable effects have been reported wittetoprolol,
atenolol carvedilo] timolol, andalprenolol these benefits
probably occumwith propranololand withesmolo| an
ultrashort-acting agent, as welln theabsence of any
favorable evidence supporting the benefitadgents with
Intrinsic sympathomimetic activity, such pmdololand
oxprenoo| and with some unfavorable evidence for these
agents insecondary preventionbeta blockers with intrinsic
sympathomimeticactivity shouldorobably not be chosen for
treatment of STEMI.




A Occanally, clinicians may decide to proceed with therapy
with abeta blocker even in patients with relative
contraindicationssuch as h story of mild asthma, mild
bradycardiamild HF, ofirst-degree heart block. In this
situation a trial ofesmololmay help determine whether the
patient can tolerate betaadrenergic blockade.

A Because théaemodynamic effects of this drug (hdife of 9
minutes)disappear ifess thar30 minutes, it offers an
advantage over longesictingagents wherthe risk for
complications with a beta blocker is relatively high.




Inhibition of the Renin-Angiotensin
Aldosterone System

A The rationale for inhibition of the reniangiotensin
aldosteronesystem RAAS) includes experimental and clinical
evidence of davorable impacbn ventricular remodeling,
Improvement in hemodynami¢snda reduction in HF
Incidence. Unequivocal evidence frdRCTs hashown that
ACE inhibitors reduce mortality from STEMI

A These trialsan be grouped into two categories. The first
groupselectedMi patientsfor randomization on the basis of
features indicativef increasedmortality, such as left
ventricular ejection fraction (LVEBwerthan 40%, clinical
signs and symptoms of HF, anteriocation ofinfarction, and
abnormal wall motion score index




A With the exception of th&&MILESurvival of Myocardial
Infarction Longlerm Evaluation) studgll the selective trials
Initiated ACE inhibitor therapy betweeéhand 16 daysafter Ml
and maintained it fod to 4 years, whereas thanselective
trials all initiated treatment within the firsR4to 36 hours and

maintained itfor only4 to 6 weeks

A The reduction in mortality with ACE inhibitoxsis
accompaniedy significant reductions in the development of
HF.thus supportinghe underlying pathophysiologic rationale
for administering thislass of drugs to patients with STEMI. In
addition, someadata suggesthat chronic administration of
ACE inhibitors aftes TEMI reduceke incidence of ischemic
events, including recurrent Mind theneed for coronary

revascularization.




A The mortality benefits of ACE inhibitors add to those achieve
with aspirinand beta blockers. The benefits of ACE inhibition
appearto bea class effect because several agents have been
associatedvith reducedmortality and morbidity. To replicate
these benefits irclinical practicehowever, physicians should
select a specific ageaind prescribeghe drug according to the
protocols used in thelinical trials.

A The major contraindications to ACE inhibitors in patievits
STEMinclude hypotension in the setting of adequate preload,
known hypersensitivityand pregnancy. Adverse reactions
Include hypotensionespeciallyafter the first dose, and
Intolerable cough; much less ofteangioedemaan occur.




A An alternative method of pharmacologic inhibition of the
RAASs theadministration of angiotensin |l recepitgwlocking
agents (ARBsTheVALIANT (Valsartan in Acute Myocardial
Infarction) trialcompared the effects of the ARB valsartan,
valsartan and captopril, and captopril aloae mortality in
patients with acute Ml complicated by kYystolic dysfunction
and/or HF withinlO days ofMI.




A Aldosterone blockade is another pharmacologic strategy for
Inhibition of the RAAS. The EPHE&p&(enonePostAMI
Heart Failure Efficacy and Survival) trial randomly assigned
6642patients with acute MI complicated by left ventricular
dysfunction and heart failure to the selective aldosterene
blocking ageneplerenoneor placebo in conjunction with
contemporarypostinfarctionpharmacotherapy. During a
mean followup of 16 months, al5% reduction occurred in
the RR for mortality in favor @&plerenone Eplerenonealso
reduced CV mortality or hospitalization for CV events.




A After administration of aspirin and initiation of reperfusion
strategesand, when appropriate, beta blockers, all patients
with STEMs$hould beconsidered for inhibition of the RAAS.

A Althoughfew disagree with theecommendation that high
risk STEMI patients (eldergnterior infarction previous
Infarction, Killipclass Il or greater, armbymptomatic patients
with evidence of depressed global ventricuflanction on
Imaging) should receive lifelong treatment with ACE inhibjtors
somehave proposed shoiterm (4 to 6 weeks) therapy for a
broader groupof patients on the basis of the pooled results of
the unselective mortalitytrials.




A Although notyet studiedspecifically among patients with
acute MI, amangiotensin recepteneprilysininhibitor (ARNI)
can be considered over &CE inhibitoor ARB for longerm
management in patients witbhronic symptomati¢iF with
reduced EF, including patients widthemic cardiomyopathy
from prior Ml

A Finally, longerm aldosteroneblockade shouldbe instituted
In highvrisk patients following STEMI (EF0%, clinicaHF,
diabetes mellitus) who are already receiving an AQbitor
andbeta blocker and do not have contraindications. The
smallbut definiteincrease in the risk for serious
hyperkalemia whemldosterone blockades prescribed,
particularly when other measures f&RAAS inhibitioare

used concurrent y, warrants periodic monitoringthé serum
K+ level.




Nitrates

A The potential for reductions in ventricular filling pressure, wall
tension andcardiac work coupled with improvement in
coronary blood flowespeciallyn ischemic zones, and
antiplatelet effects, makesitrates alogical and attractive
pharmacologic intervention in patientgith STEMI.
Administrationof nitrates reduces pulmonary capillamedge
pressure(PCWP) and systemic arterial pressure, LV chamber
volume infarctsize, and the incidence of mechanical
complications




A Neverthelessroutine administration of nitrates does not alter
survival in patients with STEMI. Although a matelysis of
10trials conducted in therefibrinolyticera showed nitrate
therapy to be associated with a reduction in mortality, two
megatrialsof nitrate therapy (GISSland ISISl) conducted in
the reperfusion era demonstrated no benefit on major CV
outcomes.




A With the aim of controlling hypertension or treating HF, IV
nitroglycerin carbe administered safely to patients with
evolvingSTEMI abng as the dose is titrated to avoid
Induction of reflexachycardia osystemic arterial
hypotension. Patients with inferior wafifarction maybe
sensitive to an excessive fall in prelopgdrticulalywith
concurrentRYV infarctionl In such cases, nitratmduced
venodilationcould impair cardiac output and reduce coronary
blood flow thus worsening rather than improvimgyocardial
oxygenation.




A Clinically significarmhethemoglobinemiaalthough rare can
develop when unusually large doses of nitrates
administered This problem is important not only fds
potentialto cause symptoms of lethargy and headadhe,
alsobecause elevatethethemoglobinlevels canmpair the
O2-carrying capacity of blood and potentially exacerbate

Aischemia.

A Dilationof the pulmonary vasculatursupplying poorly
ventilated lung segments may produceentilationperfusion
mismatch Tolerance to IV nitroglyceriag manifestedy
Increasing nitrate requirementslevelops iMmany patients,
often as soon a%2 hours after theinfusion isstarted.




Recommendations

A Nitroglycerin is indicated for the relief of persistaydin and
as a vasodilator in patients with infarcti@ssociated witi.V
failure or hypertension. In the absencereturrent anginaor
HF, we do not routinely prescribe nitratés patientswith
STEMI. Lonterm nitrates have no cledrenefit in
asymptomatic patients, and we therefore do rmuescribe
them beyond the firsd8 hours in patients withouangina or
LV failure.




Calcium Channel Antagonists

A Despite sound experimental and clinical evidencarofinti
Ischemiceffect, calcium antagonists have no¢en helpfulin
the acute phase of STEMI, and seveyaktematic overviews
have raised concern about an increased feskmortality
when these agents, particularghort-actingdihydropyridines
are prescribed on a routine basiondihydropyridinecalcium
channetblocking agentsverapamil andl Itiazem) can be
given to slow a rapigientricular responsan atrial fibrillation
In patients for whonbeta blockersare ineffective. These
agents should bavoided inpatients withKillipclass Il or
greater.







