MYOCARDIAL INFARCTION AND ANGINA


  RISK FACTORS:

· PREDISPOSITION TO ATHEROSCLEROSIS AS HYPERTENSION 
· HYPERLIPOPROTEINEMIA 
· CIGARETTE SMOKING 
· DIABETES HAVE HIGH RISK
 

 


 CAUSES OF MI WITHOUT CORONARY ATHEROSCLEROSIS

· VASCULITIS:

1. SYSTEMIC LUPUS ERYTHEMATOSUS

2. POLYARTERITIS NODOSA

3. TAKAYASU'S ARTERITIS

4. MUCOCUTANEOUS LYMPH NODE SYNDROME [KAWAZAKI'S]

 

 

· ANOMALOUS ORIGIN OF CORONARY ARTERY

 

 

· CORONARY SPASM 

1. VARIANT ANGINA

2. COCAINE ABUSE

 

 

· CORONARY ARTERY EMBOLUS

1. ATRIAL MYXOMA

2. ATRIAL OR VENTRICULAR THROMBUS

 

 

· HYPERCOAGULABLE STATES

1. POLYCYTHEMIA VERA

2. THROMBOCYTOSIS

 

 

 

 INFARCT USUALLY SECONDARY TO : ATHEROSCLEROSIS - THROMBOSIS

 

 

ANTERIOR MI : LEADS I AND AVL

ANTEROSEPTAL MI: LEADS V1-V4

ANTEROLATERAL MI: V1 - AVL

APICAL MI: V5-V6

POSTERIOR MI MIRROR IMAGE IN V1 TO V3

Tall R waves

Tall upright and symetric T waves 

Depressed concave upwards ST segs in V1 to V3.

· SA AND AV NODES SUPPLIED BY RCA - 
· RCA INFARCT TEND TO CAUSE BRADYCARDIA SECONDARY TO HEART BLOCK.
PRIVATE
Right Coronary Artery [30-40%]

=RCA
Left Coronary Artery=LEFT ANTERIOR DECSENDING =LAD

Arises from the aorta behind the right [anterior] aortic sinus of valsava.
Arise from AORTA [ posterior]aortic sinus of valsava.

Anterior Interventricular [left anterior descending]

[

Supplies:

Posterior inferior wall of LV

Right ventricle and atrium via the marginal branch

SA and AV node
Supplies:

Anterior wall of LV

Anterior 2/3 of the interventricular septum

[ANTERIOR WALL OF LV + ANTERIOR 2/3 SEPTUM]

 
Circumflex 15-20%

Supplies : lateral wall of LV


 PATHOGENESIS:

· TRANSMURAL LESION: MOST OFTEN ASSOCIATED WITH Q WAVES.
· SUBENDOCARDIAL INFARCT : LESS OFTEN ASSOCIATED WITH Q WAVES =NON Q WAVE MI
LEFT VENTRICULAR SUBENDOCARDIUM IS THE CARDIAC REGION MOST SUSCEPTIBLE TO ISCHEMIA 

 

 PATHOLOGY OF INFARCT:

· MYOCYTES DEATH BEGIN WITHIN 20-40 MINUTES OF OCCLUSION. 
· DAMAGED TISSUE BLOCKS ELECTRICAL CONDUCTION = ARRHYTHMIA 
· INFARCTION OF PAPILLARY MUSCLES = VALVULAR REGURGITATION. 
· 4-12H , PMNs INFILTRATE AND DESTROY DEAD TISSUE. 
· COAGULATION NEVROSIS, VISIBLE 12-18H 
· MACROPHAGE AND FIBROBLASTS, REPLACE PMNs 24-48H, FIBROTIC PHASE BEGINS. 
· MONOCYTES REPLACEMENT BY COLLAGEN = WEAKENING OF VENTRICULAR WALL BY 4-5 DAYS= VENTRICULAR ANEURYSM. 
· AFTER 1 WEEK , INFARCTED TISSUE CHANGES FROM HYPERHEMIC TO PALE YELLOW, SOFT, WELL DEMARCATED. 
· VENTRICULAR ANEURYSM [SYSTOLIC BULGE] DEVELOPS FROM SCAR TISSUE REPLACING HEART WALL [10-20%]WITH ANTERIOR MI. 
· ST ELEVATION DAYS TO WEEKS POST MI. 
· SEQUELAE=ARRHYTHMIA, CHF, ANEURYSMAL RUPTURE  IMMEDIATE DEATH.
DIAGNOSTIC:

· ECG: ST ELEVATION AND Q WAVES
SUBENDOCARDIAL INFARCTS WILL SHOW T WAVE INVERSION WITH OR WITHOUT ST DEPRESSION.

· CK MB - MYOGLOBIN -LACTATE DEHYDROGENASE-SGPT - SGOT 
· TROPONIN I INCREASED [4 HOURS] MORE SPECIFIC THAN CK-MB 
· AFTER 2 H OF MI: THALIUM 201 [SENSITIVE METHOD IN DIAG OF MI , REDUCES SPECIFICITY 
· TECHNETIUM PYROPHOSPHATE IF MI SUSPECTED AND CARDIAC ENZYME CK-MB MAY HAVE RETURNED TO NORMAL [2-7 DAYS POST MI]
PRIVATE
CK MB
 
 

 

Cardiac markers:
CK

LDH

GOT

LD1

CKMB

HBDH

MG

CARDIAC CONFIRMATION:

LD1

MCKMB

MYOGLOBIN

TROPONIN -I


ECG EVOLUTION OF TRANSMURAL MI

PRIVATE
EKG ABNORMALITIES
ONSET
DISAPPEARENCE

HYPERACUTE T WAVES FACING INFARCTION
IMMEDIATELY
6-24H

ST SEGMENT ELEVATION
IMMEDIATELY
1-6 WEEKS

Q WAVES LONGER THAN 0.04 s

DETECTION OF PREVIOUS MI
ONE TO SEVERAL DAYS
YEARS TO NEVER

T WAVE INVERSION
6-24 H
MONTHS TO YEARS
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 ISCHEMIC HEART DISEASE SYNDROME:

STABLE ANGINA PECTORIS
UNSTABLE ANGINA PECTORIS
ACUTE MYOCARDIAL INFARCTION

· Central chest discomfort.

Can be felt in back ,arms , jaw,upper abdomen

· Predictable with physical activity or emotional upset , relief with rest

· Cardiac stress test usually abnormal

· Cardiac catheterization shows CAD.

· Medical therapy with nitrates , beta blockers , calcium channel blockers, aspirin , risk factor modification.

· Revascularization with CABG, or PCR.


· Central chest discomfort, can be felt in back, arms,jaw,upper abdomen.
· Unpredictable at rest or abruptly worsening pattern of angina , prolonged duration [20mn or more]
· Cardiac catheterization shows CAD often with rupture plaque and /or thrombus.
· Ecg often abnormal [ST DEPRESSION OR T INVERSION],but no myocardial necrosis by serum cardiac enzymes.
· Medical therapy with nitrates , beta blockers, aspirin , heparin, risk factor modification.
· Revascularization with CABG or PRC.
· Central chest discomfort, can be felt in back,arms,jaws , upper abdomen.
· Onset without warning , duration prolonged
· ECG abnormal, often diag [st elevation]
· Myocardial necosis by cardiac enzyme
· Medical treatment with , aspirin , heparin , beta blockers, nitrates, risk factor modification.

· Urgent reperfusion with thrombolytic drug or RPC

· CARDIAC CATHETERIZATION shows CAD with ruptured plaque and or thrombus.
· Possible complications:
*** mitral regurgitation

***ventricular septal defect

***cardiac rupture

***left ventricular aneurysm.

DIFFERENTIAL DIAGNOSTIC : CARDIOVASCULAR CAUSES OF CHEST PAIN

1. STABLE ANGINA

2. UNSTABLE ANGINA

3. ACUTE MYOCARDIAL INFARCTION

4. DISSECTION OF THORACIC  AORTA

5. ANEURYSM OF THORACIC AORTA

6. PULMONARY EMBOLISM

7. PERICARDITIS [ACUTE OR CHRONIC]

8. MYOCARDITIS

9. VALVULAR HEART DISEASE [AORTIC STENOSIS]

10. CARDIOMYOPATHY [HYPERTROPHIC]

11. PRIMARY PULMONARY HYPERTENSION

12. ARRHYTHMIA


Cardiology: Ischemic Heart Disease: 

Peter P. Toth, M.D., Ph.D.
Department of Family Medicine
University of Iowa
Peer Review Status: Externally Peer Reviewed by Mosby


Inpatient treatment is indicated for (1) unstable angina, (2) prolonged anginal episode, which might represent an infarction, and (3) myocardial infarction. See section on acute treatment of chest pain. 

I. Unstable Angina 

1. Management. 

I. The decision to admit is based on the history, since 50% of patients with acute MI will have no acute ECG changes and cardiac enzymes will not be positive for up to 6 hours after an infarction. If ECG changes indicate MI, or if enzymes are positive, treat as per MI section below. 

I. Admit to ICU. Bed rest, continuous cardiac moni- toring, oxygen, and IV access. Obtain screening lab tests, including CBC count, glucose, BUN, creatinine, UA, enzymes, SMA-23 now or A.M., PT/PTT if planning to anticoagulate. 

I. Obtain serial cardiac enzyme levels. A common protocol is creatine kinase (CPK) Q8h x 3 (not counting initial set). Obtain MB isoenzyme level if the total CPK is elevated. The CPK will rise by 6 to 8 hours and peak at 24 hours while the AST will rise by 8 to 12 hours and peak by 18 to 36 hours. If the patient is >1 day since chest pain, the LDH-1 might be helpful because it rises at 24 hours and peaks at 3 to 6 days. Cardiac troponin I is a protein that is highly sensitive and specific for myocardial injury. Levels of troponin I remain elevated for 4 to 7 days after an MI. Laboratory assays for this marker of cardiac injury are becoming increasingly available. 

I. Serial ECGs with intervals depending on circumstances. 

I. Increase antianginals. Topical, oral, or SL nitrates; calcium-channel blockers, or beta-blockers. May need IV nitroglycerin. Morphine (2 to 5 mg Q10-20 min) may be given for analgesia, preload reduction, and anxiety; however, these uses must be weighed against the fact that ongoing ischemia may be masked. Ongoing chest pain that does not respond to standard anti-ischemic regimens (aspirin, heparin, beta-blockers, IV nitroglycerin, and diltiazem) is a cardiac emergency and should prompt consideration of referral to a center equipped with a catheterization laboratory. 

I. Sedation may be of benefit in certain patients. 

I. Acetaminophen and a stool softener may be given for headache and preventing the need to strain, respectively. 

I. With few exceptions, aspirin should be given to anyone with unstable angina or an evolving MI. Four large trials using aspirin in patients hospitalized with unstable angina have shown a reduction in MI and death. Aspirin should be continued indefinitely. Those patients who appear particularly unstable or who have recurrent ischema are likely to benefit from adding heparin (APTT 1.5 to 2 times normal) to aspirin for the duration of the period of the unstable angina. If coronary artery bypass surgery is planned, aspirin should be started preoperatively because it increases postoperative graft-patency rates. 

I. For patients not anticoagulated, heparin 5000 units subcutaneously Q12h should be given for DVT prophylaxis. 

I. If cardiac enzymes become positive, treat the patient for MI. If the patient is ruled out for an MI, the patient will still need some assessment of myocardium at risk (such as GXT on increased medications, a thallium study, or cardiac catheterization). 

  

II. Myocardial Infarction
Modalities begun for acute angina should be continued. Thrombolysis should be used as an additional measure. 

1. Defined by ECG changes or serum cardiac enzyme changes. 50% of patients with an acute MI will have a normal initial ECG, and so the decision to admit should be made on the basis of the history. 

II. ECG patterns. 

1. Ischemia indicated by ST-segment depression, nonspecific ST-T-segment changes, and T-wave inversion. These may also accompany a non-Q wave infarction. 

2. Injury indicated by ST-segment elevation. Tall peaked T waves (>10 mV) are suggestive of hyperacute injury. 

3. Infarct indicated by the development of Q waves. 

II. Infarct location by ECG (Table 2-1). 

2. Management. See acute management of chest pain. 

II. Orders similar to unstable angina. Unless contraindication, all patients should have aspirin. 

II. Hypokalemia and hypomagnesemia are risk factors for arrhythmias and should be corrected if present. 

II. Some small studies have suggested that magnesium is helpful in the patient with an acute MI because it may decrease mortality and the incidence of arrhythmias. However, the Fourth International Study of Infarct Survival (ISIS 4) did not support these conclusions in a large prospective controlled clinical trial. Rather, this study found that magnesium conferred no survival advantage. 

II. Thrombolytics. It is recommended that every patient with an evolving MI be considered for thrombolytic therapy, which reduces both in-hospital and 1-year mortality by 25%. Evolving MI is defined as at least 30 minutes of ischemic cardiac pain and at least 1 mm of ST-segment elevation in at least two adjacent limb leads or at least 1 to 2 mm of ST-segment elevation in at least two adjacent precordial leads. (These criteria indicate a high likelihood of evolving MI.) The presence of a complete bundle branch block in addition to characteristic pain is suggestive that the patient may also benefit from thrombolysis. Patients with only ST-segment depression do not benefit, nor do patients with normal ECGs. There is evidence that patients who receive thrombolytics from 6 to 12 hours after onset of acute MI may still benefit, though the benefit is less than that for patients who present less than 6 hours after onset of pain. 

1. Absolute contraindications to thrombolytic therapy include recent (<6 weeks) surgery or biopsy of a noncompressible site, recent stroke, any history of hemorrhagic stroke, intracranial neoplasm, recent head trauma, pregnancy, or prolonged or traumatic CPR, aortic dissection, acute pericarditis, active bleeding, and antibodies to streptokinase (substitute tissue- type plasminogen activator [TPA] if the patient has antibodies to streptokinase). If there has been a previous allergic reaction to streptokinase or anistreplase (APSAC), use TPA. Also use TPA if streptokinase (SK) or APSAC has been given in the past 12 months. 

2. Relative contraindications to thrombolysis. Potential hemorrhagic focus, GI or GU hemorrhage, proliferative diabetic retinopathy, severe uncontrolled hypertension (SBP >200 and DPB >120), history of a bleeding diathesis, cancer, or hepatic dysfunction. Neither age nor menstruation are contraindications for thrombolysis. 

3. Thrombolytic therapy and administration. TPA yields a greater decrease in mortality than streptokinase does. In general, if there are no contraindications, streptokinase is preferred by some because of its lower cost. However, an exhaustive analysis has shown that, despite its expense, the use of TPA is cost effective, particularly in patients with anterior infarctions, and may reduce mortality. 

1. Streptokinase 1.5 million IU given IV over 1 hour or 

2. TPA 100 mg of single-chain preparation. Give 60 mg in first hour and 20 mg each in hours 2 and 3. The accelerated dose regimen consists in giving two thirds of the dose during the first half hour and the remainder over an additional hour and is now preferred. 

II. Heparin and aspirin. It is recommended that every patient who receives thrombolytic therapy be considered for adjuvant anticoagulation therapy for approximately 48 hours (heparin to keep APTT 1.5 to 2 times control). Adjuvant heparin is normally used in patients who receive TPA to maintain arterial patency. The GUSTO trial showed that there was no advantage to using IV heparin over SQ heparin in patients treated with SK. Several other studies have suggested that heparin is not necessary as an adjunct to SK or TPA. However, many hospital protocols still call for the use of IV heparin with SK. Discontinuing heparin after 72 hours or so may result in rebound angina because of a relatively hypercoagulable state from anti-thrombin III deficiency. Long-term aspirin therapy (160 to 325 mg QD) should be considered for all patients who can tolerate it, since ISIS-2 demonstrated that it significantly reduces the incidence of stroke, reinfarction, and death during the first month of recovery. 

II. Beta-blockers. Beta-blockers are indicated for most patients early (within 6 or 7 hours) during the evolution of an MI. A beta-blocker such as metoprolol 15 mg can be given in 5 mg aliquots Q5min. This should be followed by oral beta-blocker therapy in patients with acute MI to reduce long-term mortality. The Beta-Blocker in Heart Attack Trial demonstrated that patients who have a high-risk clinical course (that is, recurrent ischemia, congestive heart failure, arrhythmias, or severe comorbidity) experience a 43% decline in mortality after 1 year if they are treated with long-term beta-blocker therapy. Patients who are seen in the first 4 to 6 hours of onset of an MI or who present with hypertension or sinus tachycardia and are not in heart failure are considered to be good candidates for beta-blockade. 

1. Beta-blockers should be used in patients without contraindications whose MI is complicated by persistent or recurrent pain, progressive or recurrent serum enzyme elevations indicating the extension of an infarct, and tachyarrhythmias that do not respond to lidocaine or procainamide. 

2. Some of the contraindications to beta-blocker use include lengthening of the PR interval >0.24 second, second- or third-degree AV block, bradycardia with pulse <50, systolic blood pressure <90 mm Hg, pulmonary artery wedge pressure greater than a range of 20 to 24 mm Hg, rales audible in greater than one third of the lung fields, wheezing or history of asthma or bronchospasm, and recent use of IV calcium-channel blockers. 

II. Angiotensin-converting enzyme (ACE) inhibitors. There are several large prospective controlled clinical trials demonstrating the efficacy of ACE inhibitors both acutely and chronically in patients who have sustained an MI (Acute Infarction Ramipril Efficacy Trial, GISSI-3 and ISIS-4, Survival and Ventricular Enlargement Trial). Starting an ACE inhibitor within 24 hours of an MI (enalapril 2.5 mg PO BID titrated to 10 mg PO BID) reduces mortality. Additionally, ACE inhibitors (captopril titrated to 50 mg PO TID or ramipril given at a dose of 5 mg PO BID) continued after an MI in those with CHF or an ejection fraction <45% will decrease mortality (including sudden death), increase exercise capacity, reduce CHF, enable ventricular remodeling, etc. 

II. Angiography. Post-MI coronary angiography and revascularization are indicated for patients with continuing ischemia. Whether asymptomatic patients without any inducible angina who could have persistently occluded coronary arteries would benefit from PTCA requires further study. 

II. Ambulatory monitoring. Ambulatory monitoring after an MI adds information and may be an alternative to stress testing in determining which patient continues to have asymptomatic ischemia. 

II. Prophylactic lidocaine is no longer routinely used for patients with suspected acute MI. Lidocaine is still the drug of choice for the treatment of malignant ventricular arrhythmias in patients with acute MI. Many patients with ventricular tachycardias or ventricular fibrillation will not have a warning arrhythmia (see next section). The dose should be reduced in elderly patients and in those with CHF or hepatic dysfunction. 

PRIVATE
Table 2-1 Infarct Location by ECG 



ECG Changes 
Location of injury 
Coronary artery involved 

II, III, aVF 
Inferior wall (may be associated with RV injury, consider right precordial leads) 
RCA or dominant distal left circumflex 

V1-3 
Anteroseptal 
LAD 

V3-5 
Anterior wall 
LAD 

V6, I, aVL 
Lateral 
Marginal branch off circumflex or diagonal off LAD 

ST depression in V1-2 with large R wave. 
Posterior 
RCA 
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CARDIAC FAILURE & INFARCTION 

INFARCTION

An infarct is an area of necrosis caused by an inadequate blood supply. This can result from occlusion of an artery (but occasionally a vein), or NARROWING (stenosis) of an artery, e.g. by atherosclerosis. Infarction is more likely when there is a generalized inadequacy in the supply of blood or oxygen, as in anaemia, heart failure, shock or inadequate oxygenation of the blood. 

An infarct evokes an inflammatory reaction; later it is converted into a scar. 

MYOCARDIAL INFARCTION 

28.1 Heart : Recent infarct 

80.872 

The dead fibres have lost both their nuclei and their striations: they often appear more deeply eosinophilic than the rest. Neutrophils have entered the necrotic area and many have died leaving their disintegrated nuclei as basophilic debris between the dead fibres. Some surviving myocytes have fine vacuoles in their cytoplasm, which is fatty change. 

Fibrinous pericarditis is present, (the fibrin has peeled off in places); there is thrombosis over the endocardium. 

From an 87 year old man who was admitted to hospital with upper abdominal pain. A perforated peptic ulcer was diagnosed and indeed he died of peritonitis. However, post mortem examination revealed that he also had an unsuspected myocardial infarct. 

28.2 Heart : Organizing infarct 

86.477 

A hypertensive 72 year old woman died after two weeks of chest pain. Between the necrotic and viable areas is an irregular zone of pale granulation tissue containing thin walled capillaries with macrophages, fibrocytes and newly secreted collagen. Some macrophages contain brown pigment, lipofuscin (wear and tear pigment) spilled from dead myocardial cells. 

28.3 Heart : Organized infarct 

86.239 

Irregular collagenous scarring throughout the wall of the ventricle with thickened endocardium beneath which a zone of myocytes show severe fatty change. The coronary artery is severely narrowed by atherosclerosis. 

From a 66 year old diabetic man who died suddenly. His heart weighed 696 g (normal approximately 300 g), and contained extensive scars as well as other areas of still organizing infarction. 

CARDIAC FAILURE 

CARDIAC FAILURE is inability of the heart to maintain an adequate output, which has a profound effect on the well-being of all the cells in the body. The failure may be predominantly left-sided or right-sided or both. It may develop rapidly or gradually, be reversible or become persistent. 

There is failure to maintain an adequate supply of blood to tissues and organs and, at the same time, a rise in pressure in vascular beds which drain to the failing ventricle. This leads to changes in the lungs and organs such as liver and spleen.

R1 Normal lung R2 Normal lung inflated after death 

70.16A 78.34 or 68.83B 

28.4 Lung : Acute left ventricular failure 

78.903 

The left ventricle may be unable to empty efficiently and becomes dilated while the action of the right ventricle remains relatively normal. The pulmonary vasculature becomes distended by an excess quantity of blood and may leak fluid. In this example, capillaries are dilated and the alveoli contain pale oedema fluid. 

(Imagine how these changes would affect the function of the lungs). 

From a 65 year old man who died a few hours after a left ventricular infarction. 

28.5 Lung : Chronic left ventricular failure 

28.6 Ditto (Perls' Prussian Blue) 

55.54 

If the above events are repeated or become persistent, further changes occur. Alveolar walls are thickened as long standing congestion makes the capillaries dilated and tortuous. Successive small haemorrhages from overdistended capillaries results in collections of macrophages containing haemosiderin, (golden brown in H&E stains but dark blue with the Perls' stain for iron). These changes take time to develop and are not seen in simple acute left ventricular failure. 

28.7 Liver : Severe venous congestion A5 : Normal post mortem liver 

87.38 97.220 

In right sided heart failure, pressure rises in the great veins and the hepatic vein, impeding circulation through the liver. Blood flows from the edge to the centre of lobules so central veins and sinusoids become distended and the adjacent liver cells are much smaller being subject to chronic hypoxia. 

From a 78 year old woman in chronic heart failure after a myocardial infarct. 

28.8 Liver : Extremely severe venous congestion 

83.200 

Hypoxia may be so severe that the central liver cells die and others show severe fatty change. The only hepatic cells which appear healthy are close to the incoming blood supply (see diagram opposite page). 

Sometimes colour differences in the zones of each lobule, the dark red congested areas surrounded by yellow fatty change, can be seen naked eye and have been likened to the grated surface of a fresh nutmeg. (See musem specimens). 

IV HEART : INFARCT UNDERGOING ORGANIZATION 

80.55 

Transverse slices show extensive yellow and grey areas in the septum and wall of the left ventricle. These represent an area of necrotic muscle which is being organized. Note the adherent thrombus near the apex of the ventricle. 

From a forty year old man who was hypertensive; he died 10 days after suffering severe chest pain which was diagnosed as myocardial infarction. 

V HEART : RUPTURED RECENT INFARCT 

P79.766 

An old infarct in the lateral wall of the left ventricle and a recent posterior infarct near the septum. It is not easy to distinguish but the myocardium is thin and disrupted. 

From a 71 year old man, who became breathless and unwell on the day before he died. The pericardial sac was distended by about 400 ml of fluid blood and clot : the heart weighed 448 g. 

VI HEART : ANEURYSM 

P59.442 

The thin stretched fibrous scar of a healed infarct forms an aneurysmal dilatation which is filled by laminated thrombus. Old fibrous pericardial adhesions are present. 

I HEART : NORMAL II HEART : NORMAL 

P81.421 P88.02 

From young men of athletic build (heart weight 400 g) 

III HEART : INFARCTION 

P86.752 

Dilated and hypertrophied left ventricle with a posterior, recent infarct (yellow with dark red rim). Around its edges, grey patches indicate where organization is taking place. A shrunken scarred area in the lateral wall is the site of a previous, healed infarct. 

From a 72 year old woman with a history of hypertension (heart weight 546 g). 

IV HEART : ORGANIZING INFARCT 

P85.491 

Near the apex, the anterior wall of the left ventricle is thin and the muscle replaced by grey fibrous tissue. Note the adherent thrombus. 

This infarct which is undergoing organization was found in an 80 year old man who died at home. He had given no history of chest pain. 

V HEART : RUPTURED INFARCT 

P55.082 

A recent infarct may rupture, particularly if it is transmural. 

From a 77 year old man who died suddenly, with no previous history of chest pain. At post mortem examination he was found to have a haemopericardium (blood in the pericardial sac). 

VI HEART : ANEURYSM 

36.208 

The thin stretched scar at the apex of the left ventricle forms an aneurysm which contains laminated thrombus. The pericardium is adherent over the scar. The cause of the infarct, the obstructed descending branch of the left coronary artery can be seen. 

From a 63 year old man with a 10 year history of intermittent heart failure. 

VII LIVER : PASSIVE VENOUS CONGESTION 

21.4 

The lobular pattern of the liver is accentuated because the central areas of the lobules appear dark red, contrasting with the yellowish fatty change in some of the parenchymal cells.This distinctive appearance is referred to as nutmeg liver. 
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Inpatient treatment is indicated for (1) unstable angina, (2) prolonged anginal episode, which might represent an infarction, and (3) myocardial infarction. See section on acute treatment of chest pain. 

III. Unstable Angina 

1. Management. 

III. The decision to admit is based on the history, since 50% of patients with acute MI will have no acute ECG changes and cardiac enzymes will not be positive for up to 6 hours after an infarction. If ECG changes indicate MI, or if enzymes are positive, treat as per MI section below. 

III. Admit to ICU. Bed rest, continuous cardiac moni- toring, oxygen, and IV access. Obtain screening lab tests, including CBC count, glucose, BUN, creatinine, UA, enzymes, SMA-23 now or A.M., PT/PTT if planning to anticoagulate. 

III. Obtain serial cardiac enzyme levels. A common protocol is creatine kinase (CPK) Q8h x 3 (not counting initial set). Obtain MB isoenzyme level if the total CPK is elevated. The CPK will rise by 6 to 8 hours and peak at 24 hours while the AST will rise by 8 to 12 hours and peak by 18 to 36 hours. If the patient is >1 day since chest pain, the LDH-1 might be helpful because it rises at 24 hours and peaks at 3 to 6 days. Cardiac troponin I is a protein that is highly sensitive and specific for myocardial injury. Levels of troponin I remain elevated for 4 to 7 days after an MI. Laboratory assays for this marker of cardiac injury are becoming increasingly available. 

III. Serial ECGs with intervals depending on circumstances. 

III. Increase antianginals. Topical, oral, or SL nitrates; calcium-channel blockers, or beta-blockers. May need IV nitroglycerin. Morphine (2 to 5 mg Q10-20 min) may be given for analgesia, preload reduction, and anxiety; however, these uses must be weighed against the fact that ongoing ischemia may be masked. Ongoing chest pain that does not respond to standard anti-ischemic regimens (aspirin, heparin, beta-blockers, IV nitroglycerin, and diltiazem) is a cardiac emergency and should prompt consideration of referral to a center equipped with a catheterization laboratory. 

III. Sedation may be of benefit in certain patients. 

III. Acetaminophen and a stool softener may be given for headache and preventing the need to strain, respectively. 

III. With few exceptions, aspirin should be given to anyone with unstable angina or an evolving MI. Four large trials using aspirin in patients hospitalized with unstable angina have shown a reduction in MI and death. Aspirin should be continued indefinitely. Those patients who appear particularly unstable or who have recurrent ischema are likely to benefit from adding heparin (APTT 1.5 to 2 times normal) to aspirin for the duration of the period of the unstable angina. If coronary artery bypass surgery is planned, aspirin should be started preoperatively because it increases postoperative graft-patency rates. 

III. For patients not anticoagulated, heparin 5000 units subcutaneously Q12h should be given for DVT prophylaxis. 

III. If cardiac enzymes become positive, treat the patient for MI. If the patient is ruled out for an MI, the patient will still need some assessment of myocardium at risk (such as GXT on increased medications, a thallium study, or cardiac catheterization). 

  

IV. Myocardial Infarction
Modalities begun for acute angina should be continued. Thrombolysis should be used as an additional measure. 

1. Defined by ECG changes or serum cardiac enzyme changes. 50% of patients with an acute MI will have a normal initial ECG, and so the decision to admit should be made on the basis of the history. 

IV. ECG patterns. 

1. Ischemia indicated by ST-segment depression, nonspecific ST-T-segment changes, and T-wave inversion. These may also accompany a non-Q wave infarction. 

2. Injury indicated by ST-segment elevation. Tall peaked T waves (>10 mV) are suggestive of hyperacute injury. 

3. Infarct indicated by the development of Q waves. 

IV. Infarct location by ECG (Table 2-1). 

2. Management. See acute management of chest pain. 

IV. Orders similar to unstable angina. Unless contraindication, all patients should have aspirin. 

IV. Hypokalemia and hypomagnesemia are risk factors for arrhythmias and should be corrected if present. 

IV. Some small studies have suggested that magnesium is helpful in the patient with an acute MI because it may decrease mortality and the incidence of arrhythmias. However, the Fourth International Study of Infarct Survival (ISIS 4) did not support these conclusions in a large prospective controlled clinical trial. Rather, this study found that magnesium conferred no survival advantage. 

IV. Thrombolytics. It is recommended that every patient with an evolving MI be considered for thrombolytic therapy, which reduces both in-hospital and 1-year mortality by 25%. Evolving MI is defined as at least 30 minutes of ischemic cardiac pain and at least 1 mm of ST-segment elevation in at least two adjacent limb leads or at least 1 to 2 mm of ST-segment elevation in at least two adjacent precordial leads. (These criteria indicate a high likelihood of evolving MI.) The presence of a complete bundle branch block in addition to characteristic pain is suggestive that the patient may also benefit from thrombolysis. Patients with only ST-segment depression do not benefit, nor do patients with normal ECGs. There is evidence that patients who receive thrombolytics from 6 to 12 hours after onset of acute MI may still benefit, though the benefit is less than that for patients who present less than 6 hours after onset of pain. 

1. Absolute contraindications to thrombolytic therapy include recent (<6 weeks) surgery or biopsy of a noncompressible site, recent stroke, any history of hemorrhagic stroke, intracrani

 


MYOCARDIAL INFARCTIONS


Myocardial Infarctions

Pathogenesis 

Most (not all) cases of MI can be related to thrombosis of a coronary artery (see Image 16 [~330 kb] and Description) feeding the zone of ischemia. The thrombus is usually formed at the site of an ulcerated or ruptured athermatous plaque. In some cases, an infarct with no associated thrombus is found at autopsy; sometimes this is due to spontaneous lysis of the thrombus in the patient, whereas other cases (rarely) may be due to infarction produced by arterial spasm. Coronary arteries may also be occluded by thromboembolism, and rarely by other processes such as arteritis or dissection. 

Myocardial infarction: etiology

· coronary thrombosis 

-pre-existing plaque usual 

-plaque rupture 

· embolism 

· "dynamic coronary occlusion" 

-recanalization of thrombus 

-arterial spasm 

Transmural infarcts (see Image 17 [~184 kb] and Description) extend through the full thickness of the myocardium from the endocardium to the epicardium, and over 90% of these are associated with a documented thrombosis. Experimental studies have shown that the transmural infarct develops from the endocardium outward as a "wave front" of advancing necrosis. This makes sense, since the vessels feeding the subendocardial myocardium are furthest from the coronary circulation, and are squeezed closed by left ventricular pressure in every systole. 

In some cases, partial-thickness or subendocardial infarcts may occur. Many of these are found with no associated regional thrombosis. Some occur in people with severe coronary artery disease who have a (non-thrombotic) episode of hypoperfusion. A variant on this theme is a pattern of infarction called diffuse subendocardial necrosis, in which a layer of infarction extends around the inner surface of the left ventricle. 

The "geographic" distribution of MI is based on the coronary arterial supply, but modified by the presence and adequacy of collaterals. The commonest sites for thrombosis are the left anterior descending (LAD), right coronary, and left circumflex artery, in approximately a 3:2:1 ratio: 

Myocardial infarction: distribution
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Morphology 

At early time points (less than six hours after the onset of ischemia), there are no consistent gross or light microscopic findings of MI. Electron microscopy may show features of cell injury, but this is only a research tool. Some authors claim that "wavy", stretched muscle fibers can be seen very early in the course of MI. In autopsy tissue we can demonstrate leakage of myocardial enzymes by using substrate dyes which are converted to a colored form by intact, but not dead, cells. This method may detect infarcts as early as about three hours old. 

At a later time point, muscle fibers become more intensely eosinophilic (see Image 18 [~290 kb] and Description) (red staining) and their nuclei undergo pyknosis (shrinkage and darkening). These changes are termed coagulative necrosis and begin to appear between 6 and 12 hours. Between 12 and 24 hours, the infarct becomes infiltrated by neutrophils (see Image 19 [~256 kb] and Description), and the muscle cells begin to lose their nuclei and cross-striations. 

Over the course of the next several days, the dead muscle cells are replaced by macrophages and reparative cells: proliferating fibroblasts and capillaries. At this stage (3-7 days), the infarct has its lowest degree of mechanical integrity, and is most prone to rupture. With resorption of the necrotic muscle, and gradual replacement by fibrous tissue over the course of months, a mature myocardial scar is laid down (see Image 20 [~354 kb] and Description). 

Complications 

Ischemic myocardium is electrically unstable, and this may give rise to a variety of arrhythmias including lethal ventricular arrhythmias such as ventricular fibrillation and ventricular tachycardia. Infarcts which interfere with the cardiac conduction system may lead to heart block or conduction defects. 

Failure of the heart as a pump may lead to congestive heart failure, in about 40-50% of patients with acute MI. In extreme cases, patients may present with cardiogenic shock. The reasons for pump failure in myocardial ischemia are not entirely simple. Clearly, dead or scarred myocardium is unable to contract. However, it has become clear that an acute ischemic episode may cause myocardial injury that is reversible if the myocardium is reperfused, for example after thrombolytic therapy. This so-called "stunned myocardium" is temporarily unable to contract, but the damage is reversible. The pathology of heart failure is discussed further below. 

There are other complications of MI which have a specific associated anatomical lesion. MI involving a papillary muscle can lead to acute mitral insufficiency, which may be catastrophic in cases of papillary muscle rupture. In occasional infarcts of the LV free wall, ruptured left ventricle causes massive hemorrhage into the pericardial cavity (hemopericardium). This causes death by impairment of cardiac filling (cardiac tamponade). Rupture of a septal infarct may also (rarely) occur, leading to an acquired ventricular septal defect. Thrombi may form on the endocardial surface of myocardial infarcts, and can lead to distant embolization. 

An infarct may heal as a thin fibrous scar which fails to move with the rest of the ventricular myocardium. These ventricular aneurysms (see Image 21 [~131 kb] and Description) are most common at the apex, and may cause diminished stroke volume since they bulge out paradoxically during systole. They are also sites for the formation of mural thrombi. 


Myocardial infarction: complications
· arrhythmia 

· congestive heart failure 

· cardiogenic shock 

· acute mitral insufficiency 

· ventricular aneurysm 

· thromboembolism 

· myocardial rupture 

· septal rupture 

· pericarditis 


Pathology Practical Class 28 CARDIAC FAILURE & INFARCTION 

INFARCTION

An infarct is an area of necrosis caused by an inadequate blood supply. This can result from occlusion of an artery (but occasionally a vein), or NARROWING (stenosis) of an artery, e.g. by atherosclerosis. Infarction is more likely when there is a generalized inadequacy in the supply of blood or oxygen, as in anaemia, heart failure, shock or inadequate oxygenation of the blood. 

An infarct evokes an inflammatory reaction; later it is converted into a scar. 

MYOCARDIAL INFARCTION 

28.1 Heart : Recent infarct 

80.872 

The dead fibres have lost both their nuclei and their striations: they often appear more deeply eosinophilic than the rest. Neutrophils have entered the necrotic area and many have died leaving their disintegrated nuclei as basophilic debris between the dead fibres. Some surviving myocytes have fine vacuoles in their cytoplasm, which is fatty change. 

Fibrinous pericarditis is present, (the fibrin has peeled off in places); there is thrombosis over the endocardium. 

From an 87 year old man who was admitted to hospital with upper abdominal pain. A perforated peptic ulcer was diagnosed and indeed he died of peritonitis. However, post mortem examination revealed that he also had an unsuspected myocardial infarct. 

28.2 Heart : Organizing infarct 

86.477 

A hypertensive 72 year old woman died after two weeks of chest pain. Between the necrotic and viable areas is an irregular zone of pale granulation tissue containing thin walled capillaries with macrophages, fibrocytes and newly secreted collagen. Some macrophages contain brown pigment, lipofuscin (wear and tear pigment) spilled from dead myocardial cells. 

28.3 Heart : Organized infarct 

86.239 

Irregular collagenous scarring throughout the wall of the ventricle with thickened endocardium beneath which a zone of myocytes show severe fatty change. The coronary artery is severely narrowed by atherosclerosis. 

From a 66 year old diabetic man who died suddenly. His heart weighed 696 g (normal approximately 300 g), and contained extensive scars as well as other areas of still organizing infarction. 

CARDIAC FAILURE 

CARDIAC FAILURE is inability of the heart to maintain an adequate output, which has a profound effect on the well-being of all the cells in the body. The failure may be predominantly left-sided or right-sided or both. It may develop rapidly or gradually, be reversible or become persistent. 

There is failure to maintain an adequate supply of blood to tissues and organs and, at the same time, a rise in pressure in vascular beds which drain to the failing ventricle. This leads to changes in the lungs 

clinical approach to ischemic heart disease 

Chest pain which is retrosternal in a male over thirty five or a female over 45 is worrisome. Precordial left sided pain also is worrisome but somehave said less so. Diaphoresis, true diaphoresis, not so much sweaty palms is also worrisome. The milieu of the patient, a sense of fear or foreboding on the part of the patient or the patient's family is worrisome. Ask about a prior history, ask about prior risk factors such as obesity, diabetes, angina, ascvd, family history, smoking, triglycerides, industrial exposures, work and stress loads and so in trying to arrive at a presumption of ischemic heart disease. For it is a serious step to embark upon the workup of heart disease. 

Myocardial infarction is due to myocardial necrosis. This is due to ASCVD or sometimes cocaine abuse. There are other rare causes. 

Onset is associated with activity or inactivity. But unusual stress, fatigue and excessive exertion may be precipitating factors as is exposure to cold. In general there may be a a sudden disparity between the patient's normal and current emotional or effort level. 

Incidence of lethal arrhythmia associated with MI peaks in the first hour and levels off during the next eleven hours but persists for up to 48 hours. 

 


electrocardiagram in ihd 

EKG findings prompting presumption of acute MI: 

· an initial 0.04 (one small box) qrs vector directed away from the infarcted area. 

· A mean ST vector directed toward the infarcted area 

· A mean T wave vector directed away from the infarcted area 

· an evolution of those findings over serial tracings 

for practical purposes this will amount to: 

· presence of 0.04 second q waves in leads other than AVr and V1 or R waves of equal duration in leads V1 or V2 

· simultaneous st segment elevation and t wave inversion in the leads displaying the q waves 

· or the opposite t and st changes in the leads displaying the r waves 

· q and r waves may not be present as these slowly evolve over serial tracings 


Use of EKG in localizing the infarction 

The EKG is used to locate the injured myocardium. Localization of the infarction has implications in prognosis and therapy. 

INFERIOR MI - reflected in leads II III and AVF. ST elevations and q waves may be present in those leads. Think of right circumflex coronary involvement. Additional findings of ST depression in V1-V4 suggest disease of left anterior descending coronary artery with added morbidity and mortality. Complete Heart Block may occur in inferior wall MI. 

ANTERIOR MI - reflected in leads I and AVL 

ANTEROSEPTAL MI - reflected in leads V1-V4 

ANTEROLATERAL MI - reflected in leads l and AVL termed high lateral 

APICAL MI - reflected in leads V5 V6 

POSTERIOR MI - Mirror image changes in V1 to V3 : tall R waves. tall upright and symmetric T waves and depressed concave upwards ST segs in V1 to V3 



Diagnosis 


Angina pectoris 

It is the chest discomfort caused by myocardial ischemia and is usually described as retrosternal pain, heaviness, or discomfort that may radiate to the arms, neck or back and usually lasts from 2-5 minutes.  It is usually brought on by exercise and relieved by rest.  Other symptoms include diaphoresis, N/V, and dyspnea.  

Risk factors include cigarette smoking, family history of premature CAD, hypertension, diabetes, and hypercholesterolemia.  Physical inactivity and obesity may play a lesser role. 

Non-invasive tests 

Resting ECG may show Q waves consistent with prior MI, T-wave inversion, or resting ST segment depresson or elevation.  It may be normal at rest but if abnormalities occur during chest discomfort it is very useful in diagnosing CAD. 

Exercise ECG(stress testing) is useful in diagnosing and risk stratifying patients with CAD.  Patients with a positive test should undergo angiography 

· ST depression early 

· >2mm of new ST depression in multiple leads 

· new ST elevation 

· decreased BP with exercise 

· inability to exercise>2 minutes 

· develop heart failure with exercise 

· prolonged ST reversion to baseline 

Exercise thallium is useful in patients with previous ECG abnormalities and adds more sensitivity and specificity. 

Pharmacologic stress testing with dipyridamole thallium stress test in those who cannot exercise.  Exercise echo with dipyridamole, adenosine, or dobutamine to cause detectable ischemia. 

Resting echo is done on patients with suspected left ventricular dysfunction.  Patients with >50% ejection fraction and significant CAD do better with surgical rather than medical treatment. 

Coronary angiography 

This is the definitive test for CAD and has a very low morbidity and mortality(about .1-.2%).  Greater than 70% occlusion signifies significant obstruction.  It is often used with stress testing to assess clinical significance of the obstruction.  It is generally indicated in all high risk patients.   
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<TBODY>Acute Myocardial Infarct 

Etiology

• Atherosclerotic coronary stenosis +/- thrombosis. 
• Less common causes: emboli from mural thrombi, paradoxical embolism, or endocarditis; coronary spasm; polyarteritis; Takayasu's disease; Kawasaki syndrome (infancy and childhood); extension of dissecting aortic aneurysm. 
• Anomalous origin of left coronary artery from pulmonary trunk. 

Pathogenesis

• Endothelium lining atheromatous plaque torn by ulceration, plaque hemorrhage, or fissuring. 
• Activated platelets adherent to exposed collagen and plaque contents yield ADP boosting massing of platelets, which produce coagulant factors thromboxane A2, serotonin, and platelet factors 3 &4 with expanding occlusive thrombosis, abetted by tissue thromboplastin release. , 

Epidemiology

• The same risk factors as for atherosclerosis, fatty diets, hypertension, diabetes, smoking, etc. 
• 1,500,000 cases yearly, with 30% mortality. 
• May occur at any age, but frequency rises with advancing age, 5% occurring under age 40, and only 45% under age 65. 
• Low incidence in women rises in postmenopausal years, when estrogen relacement is protective. 

General Gross Description

• Lesions not visible before 18-24 hours after onset. 
• Size variable up to entire transverse sectional area. 
• May involve partial (subendocardial) or full (transmural) thickness of left ventricular wall. 
• Earliest change is a poorly defined pale area, some with hemorrhagic changes. Area defined better with time, turning yellow with a pink margin of organizing tissue, and, finally, a discrete scar.
•Examples: 
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General Microscopic Description

• Earliest changes, at 4-12 hrs., are nuclear necrosis, muscle coagulative necrosis, neutrophils, and non-contracting (dead) marginal wavy fibers, which may appear histologically viable. 
• Frank coagulative necrosis at 24-72 hours, loss of fiber nuclei, and heavy neutrophilic infiltrate. 
• Macrophagic phagocytic activity and early organization at 3-7 days; healed scar by 7 weeks.
•Examples: 
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Clinical Correlation
Clinical Correlation: 
• Crushing chest pain and variants, including mimicry of acute abdomen, absent in 15% asymptomatic cases. 
• EKG's and serum creatine phosphokinase MB isoenzyme (CPK-MB) and lactic dehydrogenase (LDH) important. 
• Complications include arrhythmias, shock, heart failure, cardiac rupture, and pulmonary emboli. 
• 30% mortality with 20% dying before admission. 
• Late complications are mural thrombi and aneurysms. 

References

• Cotran RS etal. Robbins Pathologic Basis of Disease. 5th ed. Philadelphia, W.B. Saunders, 1994, pp. 495, 524-41 
• Harrison's Principles of Internal Medicine, 13th Ed: Isselbach et. al. (eds). New York, McGraw-Hill, 1994, p.1066 
Search Medline at National Library of Medicine
Please be patient during transfer. Medline will open in a new window. To return, close the Medline Window 

Acute Myocardial Infarct 

PRIVATE
<TBODY>Old Myocardial Infarct 

Etiology

• Atherosclerotic coronary stenosis +/- thrombosis. 
• Less common causes: emboli from mural thrombi, paradoxical embolism, or endocarditis; coronary spasm; polyarteritis; Takayasu's disease; Kawasaki syndrome (infancy and childhood); extension of dissecting aortic aneurysm. 
• Anomalous origin of left coronary artery from pulmonary trunk. 

Pathogenesis

• Endothelium lining atheromatous plaque torn by ulceration, plaque hemorrhage, or fissuring. 
• Activated platelets adherent to exposed collagen and plaque contents yield ADP boosting massing of platelets, which produce coagulant factors thromboxane A2, serotonin, and platelet factors 3 & 4 with expanding occlusive thrombosis, abetted by tissue thromboplastin release., 

Epidemiology

• The same risk factors as for atherosclerosis, fatty diets, hypertension, diabetes, smoking, etc. 
• 1,500,000 cases yearly, with 30% mortality. 
• May occur at any age, but frequency rises with advancing age, 5% occurring under age 40, and only 45% under age 65. 
• Low incidence in women rises in postmenopausal years, when estrogen relacement is protective. 

General Gross Description

• Lesions not visible before 18-24 hours after onset. 
• Size variable up to entire transverse sectional area. 
• May involve partial (subendocardial) or full (transmural) thickness of left ventricular wall. 
• Earliest change is a poorly defined pale area, some with hemorrhagic changes. Area defined better with time, turning yellow with a pink margin of organizing tissue, and, finally, a discrete scar. 
•Examples: 
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General Microscopic Description

• Earliest changes, at 4-12 hrs., are nuclear necrosis, muscle coagulative necrosis, neutrophils, and non-contracting (dead) marginal wavy fibers, which may appear histologically viable. 
• Frank coagulative necrosis at 24-72 hours, loss of fiber nuclei, and heavy neutrophilic infiltrate. 
• Macrophagic phagocytic activity and early organization at 3-7 days; healed scar by 7 weeks. 
•Examples: 
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Clinical Correlation

• Crushing chest pain and variants, including mimicry of acute abdomen, absent in 15% asymptomatic cases. 
• EKG's and serum creatine phosphokinase MB isoenzyme (CPK-MB) and lactic dehydrogenase (LDH) important. 
• Complications include arrhythmias, shock, heart failure, cardiac rupture, and pulmonary emboli. 
• 30% mortality with 20% dying before admission. 
• Late complications are mural thrombi and aneurysms. 

References

• Cotran RS etal. Robbins Pathologic Basis of Disease. 5th ed. Philadelphia, W.B. Saunders, 1994, pp. 495, 524-41 
• Harrison's Principles of Internal Medicine, 13th Ed: Isselbach et. al. (eds). New York, McGraw-Hill, 1994, p.1066 
Search Medline at National Library of Medicine
Please be patient during transfer. Medline will open in a new window. To return, close the Medline Window 
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ISCHEMIC HEART DISEASE


Myocardial Infarction
I. DEFINITION 
II. ETIOLOGY AND PATHOGENESIS 
III. EPIDEMIOLOGY 
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V. MORPHOLOGY OF MYOCARDIAL INFARCTS 
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VII. CLINICAL SYNDROMES 
VIII. LABORATORY DIAGNOSIS OF MYOCYTE DAMAGE 
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KEY WORDS: Ischemia, hypoxia, stenosis vs. occlusion, infarct, complications of myocardial infarct (rupture of papillary muscle, ventricular or septal myocardial rupture, mural thrombus, ventricular aneurysm, arrhythmia, heart failure, sudden death), collaterals, vasospasm, coronary insufficiency, angina pectoris, cardiogenic shock, lactic dehydrogenase (LDH), creatinine phosphokinase (CPK), MB band.
 

OBJECTIVES:
You should be able to:
· Briefly define, discuss, differentiate or give the significance of the key words.
· Cite the statistical significance of ischemic heart disease as a cause of death and disability in the United States. 
· Identify and describe the four clinico-pathologic syndromes of ischemic heart disease (myocardial infarction, angina pectoris, congestive heart failure (ischemic cardiomyopathy), and sudden cardiac death). (see pp. 528-29 and 540-41).
· Correlate the region of infarction with the coronary artery occluded. (pp. 531-2).
· List the major complications of myocardial infarction and relate them to changes in the tissue (See table of handout and pp. 536-39).
· Relate the degree of risk of myocardial infarction to the number and severity of risk factors (See p. 529 and graphs in Ch. 11 on p. 475).
· Describe the changes in serum CPK, MB band, and LDH isoenzymes with time interval following myocardial damage. (See p. 537). 



Myocardial Infarction

I. DEFINITION 
· Localized coagulative necrosis of myocardium
· Caused by vascular occlusion, or decreased flow 

 

II. ETIOLOGY AND PATHOGENESIS 
· Atherosclerosis of coronary arteries (99%)--(75% stenosis can produce symptoms of ischemia)
· Transmural MIs usually have cracked plaque and occlusive thrombus
· Decreased supply (fixed atherosclerotic stenosis, thrombosis, and/or vasospasm, e.g.)
· Increased demand (eg., LVH due to hypertension or aortic stenosis)
· Decreased pO2 (examples: pulmonary disease, anemia, high altitude, CO poisoning) 

 

III. EPIDEMIOLOGY
· Basically, same as that of atherosclerosis
· M:F::2-6:1
· IMPORTANT: women do get this disease 

IV. DISTRIBUTION AND PATTERNS 
· LAD --> antero-septal LV
· LCX --> lateral LV
· RCA --> posteroseptal LV
· RV infarcts less common usually extensions of large posterior LV infarcts 

 

V. MORPHOLOGY OF MYOCARDIAL INFARCTS 
· Transmural vs. Subendocardial
· Heal from outside
· Four stages, (gross in parentheses) 

· Early acute: eosinophilia, wavy fibers, few PMNs (barely visible) 

· Acute: coagulative necrosis, lots of PMNs (yellow) 

· Organizing: granulation tissue border (red-brown edge around yellow center) 

· Old: collagen (white scar, wall thinning) 

 

VI. COMPLICATIONS
· May heal fully
· Complications
· Rupture (free wall, septum, or papillary muscle) 

· Mural thrombus (cause of sytemic embolism) 

· Congestive heart failure (CHF) 

· LV Aneurysm 

· Dysrhythmia, arrhythmia 

· Pericarditis (if transmural involvement) 

· Pulmonary thromboembolism (venous congestion --> thrombosed leg vein) 

VII. CLINICAL SYNDROMES 
· Major syndromes of Ischemic Heart Disease
· Angina pectoris 

· MI 

· CHF (ischemic cardiomyopathy) 

· Also may present with Sudden Cardiac Death (SCD)
· Angina pectoris
· Precordial chest pain 

· Typical -- fixed atherosclerotic lesions 
· brought on by exertion 

· relieved by rest and nitroglycerin (NTG) 
· radiates to L arm or neck (less common: back, right arm, abdomen) 

· Atypical angina-- cracked plaques 

· not related to exertion 

· ? due to vasospasm, or cracked plaque
· Myocardial Infarction-- crushing chest pain
· Congestive Heart Failure-- weakness, fatigue, SOB, PND
· Findings: large dilated LV, low C.O., pulmonary and/or visceral congestion 

· Mechanisms: 3-vessel disease with multiple MIs or diffuse interstitial scarring 

 

VIII. LABORATORY DIAGNOSIS OF MYOCYTE DAMAGE
· Myocardial enzymes released from necrotic or ischemic myocytes (CPK-MB, LDH 2>1)
· Enzymes appear in serum at characteristic intervals and can be tested for (see Dr. Tang's handout) 

 

IX. INTERVENTIONAL THERAPY 
· Coronary artery bypass grafts (CABG)--saphenous vein and internal mammary artery (IMA)
· Balloon angioplasty
· Mechanism: causes dissection 

· Can re-stenose 40% at 1 year
· Laser
· Rotors
· Stents
· Vacuum and rotors (new)
· Atherectomy



Lab Results 

Some nonspecific lab value changes found in MI include a PMN leukocytosis and also an increase in ESR. 

There are also EKG changes that will be discussed in greater detail with the specific types of MI. 

PRIVATE
<TBODY>
initial 
peak 
baseline 

cpk-mb 
4-6 hrs 
12-20 hrs 
36-48 hrs 

LDH1 
12 hrs 
24-48 hrs 
10-14 days </TBODY>

 Cardiac imaging 

Technetium-99m-pyrophosphate scintigraphy 

optimal 2-7 days after MI 

Radinuclide ventriculography 

Check ejection fraction and wall motion 

Echocardiography 

view cardiac structures and pericardium, check wall motion and valvular abnormalities, color flow doppler for septal perforation or mitral regurgitation. 

CPK isoenzymes
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Alternative names: 
creatine kinase - isoenzymes; creatine phosphokinase - isoenzymes; CK - isoenzymes 



Definition: 
A blood test that measures the isoenzymes (different forms) of creatine phosphokinase. 



How the test is performed: 
Adult or child: 
Blood is drawn from a vein (venipuncture), usually from the inside of the elbow or the back of the hand. The puncture site is cleaned with antiseptic, and a tourniquet (an elastic band) or blood pressure cuff is placed around the upper arm to apply pressure and restrict blood flow through the vein. This causes veins below the tourniquet to distend (fill with blood). A needle is inserted into the vein, and the blood is collected in an air-tight vial or a syringe. During the procedure, the tourniquet is removed to restore circulation. Once the blood has been collected, the needle is removed, and the puncture site is covered to stop any bleeding. 

Infant or young child: 
The area is cleansed with antiseptic and punctured with a sharp needle or a lancet. The blood may be collected in a pipette (small glass tube), on a slide, onto a test strip, or into a small container. Cotton or a bandage may be applied to the puncture site if there is any continued bleeding. 

This test may be repeated over 2 or 3 days for hospitalized people. The pattern of a rise or fall in CPK or CPK isoenzymes can be diagnostically significant. 



How to prepare for the test: 
Adults: 
Usually no special preparation is necessary. 

Infants and children: 
The physical and psychological preparation you can provide for this or any test or procedure depends on your child's age, interests, previous experience, and level of trust. For specific information regarding how you can prepare your child, see the following topics as they correspond to your child's age: 

· infant test or procedure preparation (birth to 1 year) 

· toddler test or procedure preparation (1 to 3 years) 

· preschooler test or procedure preparation (3 to 6 years) 

· schoolage test or procedure preparation (6 to 12 years) 

· adolescent test or procedure preparation (12 to 18 years) 




How the test will feel: 
When the needle is inserted to draw blood, some people feel moderate pain, while others feel only a prick or stinging sensation. Afterward, there may be some throbbing. 



What the risks are: 

· excessive bleeding 

· fainting or feeling lightheaded 

· hematoma (blood accumulating under the skin) 

· infection (a slight risk any time the skin is broken) 

· multiple punctures to locate veins 




Why the test is performed: 
CPK isoenzymes are performed when the total CPK level is elevated, to help differentiate the damaged source tissue. 

CPK is an enzyme found predominantly in the heart, brain, and skeletal muscle. CPK is found in 3 forms (isoenzymes), which differ slightly in structure. CPK-1 (also called CPK-BB) is in highest amounts in the brain, CPK-2 (also called CPK-MB) is high in the heart, and CPK-3 (also called CPK-MM) is high in skeletal muscle. 

CPK-MB levels rise 3 to 6 hours after a myocardial infarction (heart attack) occurs. If there is no further myocardial damage, the level peaks at 12 to 24-hours and returns to normal 12 to 48 hours after infarction (tissue death). CPK-MB levels do not usually rise with chest pain caused by angina, pulmonary embolism, or congestive heart failure. 

Because the CPK-BB isoenzyme is predominately found in the brain and lung, injury to either of these organs (for example, cerebrovascular accident, and pulmonary infarction) are associated with elevated levels of this isoenzyme. 

The CPK-MM isoenzyme normally comprises almost all the serum CPK enzyme activity in healthy people. When the total CPK level is substantially elevated, it usually indicates injury or stress to the skeletal muscle. 

This test is used to: 

· detect early dermatomyositis 

· determine the extent of muscular disease 

· diagnose heart attack 

· distinguish malignant hyperthermia from a postoperative infection 

· evaluate cause of chest pain 

· help discover carriers of muscular dystrophy (Duchenne) 




Normal values: 
CPK-MM: 0 to 100% 
CPK-MB: 0 to 5% 
CPK-BB: 0% 



What abnormal results mean: 
Higher-than-normal CPK-1 levels may indicate: 

· brain cancer 

· brain injury 

· electroconvulsive therapy 

· pulmonary infarction (tissue death) 

· seizure 

· stroke 

· subarachnoid hemorrhage 

Higher-than-normal CPK-2 levels may indicate: 

· cardiac ischemia 

· electrical injuries 

· heart attack 

· post-cardiac defibrillation 

· post-cardiac surgery 

Just after a heart attack (2 to 3 hours), there is a significant rise in CPK-2 levels. The level increases with the severity of the heart attack. CPK levels remain elevated up to 24-hours after a heart attack. 

Higher-than-normal CPK-3 levels may indicate: 

· crush injury of a muscle 

· multiple IM (intramuscular) injections 

· muscular dystrophy 

· myositis (muscle inflammation) 

· post-electromyography 

· recent convulsions 

· recent surgery 

· rhabdomyolysis 

· strenuous exercise 

Additional conditions under which the test may be performed: 

· pericarditis; post-MI 




Cost: 
The estimated cost is $61. 



Special considerations: 
Factors that can affect test results include cardiac catheterization, intramuscular injections, recent surgery, and vigorous and prolonged exercise. 

Drugs that can increase CPK measurements include amphotericin B, ampicillin, some anesthetics, anticoagulants, aspirin, clofibrate, dexamethasone, furosemide and morphine. 

The total CPK test is about 70% accurate because there are many causes of elevated levels. Isoenzyme testing for individual types of CPK is about 90% accurate. 

Veins and arteries vary in size from one patient to another and from one side of the body to the other. Obtaining a blood sample from some people may be more difficult than from others. 





Creatine Kinase-MB, Serum

Synonyms CK Fractionation; CK Isoenzyme; CK-MB; Screen; CPK-MB
Reference Range

 

-Total CK: 46-295 units/L
 

-CK-MB: 0-5 µg/L
 

-CK relative index: 0-3 µg/hU
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Diagnosis 


Angina pectoris 

It is the chest discomfort caused by myocardial ischemia and is usually described as retrosternal pain, heaviness, or discomfort that may radiate to the arms, neck or back and usually lasts from 2-5 minutes.  It is usually brought on by exercise and relieved by rest.  Other symptoms include diaphoresis, N/V, and dyspnea.  

Risk factors include cigarette smoking, family history of premature CAD, hypertension, diabetes, and hypercholesterolemia.  Physical inactivity and obesity may play a lesser role. 

Non-invasive tests 

Resting ECG may show Q waves consistent with prior MI, T-wave inversion, or resting ST segment depresson or elevation.  It may be normal at rest but if abnormalities occur during chest discomfort it is very useful in diagnosing CAD. 

Exercise ECG(stress testing) is useful in diagnosing and risk stratifying patients with CAD.  Patients with a positive test should undergo angiography 

· ST depression early 

· >2mm of new ST depression in multiple leads 

· new ST elevation 

· decreased BP with exercise 

· inability to exercise>2 minutes 

· develop heart failure with exercise 

· prolonged ST reversion to baseline 

Exercise thallium is useful in patients with previous ECG abnormalities and adds more sensitivity and specificity. 

Pharmacologic stress testing with dipyridamole thallium stress test in those who cannot exercise.  Exercise echo with dipyridamole, adenosine, or dobutamine to cause detectable ischemia. 

Resting echo is done on patients with suspected left ventricular dysfunction.  Patients with >50% ejection fraction and significant CAD do better with surgical rather than medical treatment. 

Coronary angiography 

This is the definitive test for CAD and has a very low morbidity and mortality(about .1-.2%).  Greater than 70% occlusion signifies significant obstruction.  It is often used with stress testing to assess clinical significance of the obstruction.  It is generally indicated in all high risk patients.   

Complications of MI

Arrythmias
They often occur in the first 24 hours.

· Ventricular 

5. ventricular premature depolarizations: treat if >5/min or causing hemodynamic compromise. First use lidocaine, then procainamide if it fails. 

6. VT or VF: defibrillate or cardiovert immediately 

7. Accelerated idioventricular rhythm: treat with atropine in causes hemodynamic compromise or leads to VT or VF. 

· Supraventricular 

3. Sinus tachycardia: common, poor prognostic indicator, treat with beta-blocker 

4. PSVT 

5. atrial flutter and atrial fib 

6. junctional 

· Bradycardia 

3. sinus brady: usually with inferior MI, treat with atropine or pacing 

4. AV conduction disturbance: 1,2,3 degree block, MobitzII and 3 degree block require pacing 

Hypertension
Hypertension is common and leads to increased myocardial work. Use IV beta-blockers and ACE inhibitors to treat moderate hypertension. IV nitroprusside for severe hypertension, and monitor serum thiocyanate. Use IV nitroglycerin for hypertension with heart failure or recurrent ischemia.

Hemodynamic compromise
Usually left ventricular pump failure
Treat mild CHF with diuretics(furosemide), topical nitrates or IV nitroglycerin, digoxin(not used in acute management), and ACE inhibitors.
if nonresponsive to initial therapy or present with significant CHF or hypotension, then place a pulmonary artery catheter for further evaluation.

Mechanical complications 

Infarct expansion and ventricular dilation 

commonly occurs after MI and is treated by decreasing afterload, preferably with an ACE inhibitor 

Mitral regurgitation 

Caused by papillary muscle dysfunction or rupture. Diagnosed with echo. Treated by decreasing afterload with nitroglycerine or nitroprusside, also can use intraaortic balloon counterpulsation. 

Rupture of interventricular septum 

Occurs within first seven days. Presents with systolic murmur, pulmonary edema, and shock. Diagnose with Doppler echo. 

Rupture of left ventricular free wall(cardiorrhexis) 

Usually occurs within first week. Presents with sudden hemodynamic collapse. 

Ventricular aneurysm 

Increases risk of mural thrombus. Diagnose with echo. Treat with anticoagulation. 


Recurrent ischemia and infarction
These patients must be aggressively managed and must be evaluated with coronary angiography to determine if they need PTCA or CABG. Extension or recurrence of infarction usually occurs in the first 7-10 days and occurs in 10-20% of patients. This is why they must stay in hospitl for that period of time.

Pericardial complications
Acute pericarditis occurs in patients with large infarctions. Aspirin can be used to relieve pain but NSAIDs and glucocorticoids are contraindicated due to increased incidence of rupture. Also increased risk of tamponade with patients on heparin.
Dressler's syndrome is a late complication of MI, which includes pericarditis, pleuritis, pericardial and pleural effusions, fever, increased ESR, leukocytosis, and elevated antimyocardial antibodies. It may be mistaken for angina or MI and usually occurs 2-10 weeks after MI. Use NSAIDS for pain control and prednisone if severe. 

Management 

Immediate management
Analgesia: First administer sublingual nitro every 5 minutes up to three times if there if no problem with hypotension. If this does not work try morphine.
Oxygen: Start with 2-4 liters by nasal canula. If patient in respiratory distress then use face mask with 60-100% oxygen. If patient still hypoxic(oxygen sat<90) or has respiratory failure(pCO2>45) then proceed to intubation.

Reperfusion
Reperfusion should be undertaken if pain lasts greater than 30 minutes and there is ST elevation>1mm in two of the lateral, inferior, or anterior leads. Also ST depression in anterior leads to account for posterior infarct. Also consider when there is a new left bundle branch block. It optimally saves myocardium when done within the first 4-6 hours of onset of symptoms.

Streptokinase 

Can cause allergic reactions, hypotension, and increased PTT 

t-PA 

More clot selective, no allergic reactions or hypotension 

Complications include intracranial hemorrhage and bleeding(so avoid arterial punture)
Adjuvant therapy includes heparin to achieve PTT of twice normal value times 3-5 days, aspirin, and beta blockers
PTCA shows equal results with less recurrent ischemia and improved mortality for certain populations, but most centers cannot quickly perform this so thrombolytic therapy is still method of choice.
CABG is not performed for acute MI, but done later after evaluation and done electively.

Other drugs to decrease infarct size
Beta-antagonists decrease myocardial oxygen demand by decreasing heart rate, contractility, and blood pressure. It is contrindicated in patients with low heart rate, low BP, heart block, wheezing, hx of COPD, and heart failure.
IV nitroglycerin used when patient has CHF or recurrent ischemia

Anticoagulation and Antiplatelet Heparin used in patients at risk for recurrent MI, risk for mural thrombus, or large anterior MI
Warfarin: for patients with mural thrombus
Aspirin: for all patients acutely and longterm

Additional
ACE inhibitors have been shown to increase survival after acute MI, also used long term for patients with depressed left ventricular function

ICU
Patient must have IV access and continual ECG monitoring in ICU and after 2-3 days can go to step-down unit for 4-7 days, since most complications occur within 10 days. Patient can be sedated with benzodiazipines, given a soft food diet and treated for constipation(which frequently occurs in patients with MI) 

Followup of MI

Rehabilitation
Supervised exercise rehab can begin as soon as the patient is discharged. The patient should avoid vigorous exercise or driving until an exercise stress test is done. They can also return to work within 4-8 weeks.

Risk stratification
Patient can undergo a submaximal exercise stress test after 7-10 days after an uncomplicated MI, to determine whether they need a catheterization. Patients who pass this test are at low risk for MI within the next year. Angiography should also be done for patients with complicated MI and non Q-wave infarction. Maximal stress testing is only safe after 4-6 weeks.
Secondary prevention
Reduction of cardiac risk factors
Aerobic exercise
Medical therapy

· Beta antagonists: reduce mortality, sudden death, and reinfarction after MI and should be continued for 2 years. 

· Aspirin: treat indefinitely 

· ACE inhibitors: used in patients with left ventricular dysfunction indefinitely 

<
Unstable Angina 


It is defined as angina at rest or minimal exertion, of new onset, or a crescendo pattern.  This is usually caused by the rupture of a plaque leading to thrombus formation and has a 15% chance of progressing to acute MI.  Recurrent or persistant pain after treatment also increases chances of having MI.   

Treatment 

IV nitroglycerin should be given to rapidly get predictable levels of the drug. Beta blockers and calcium channel antagonists(preferably diltiazem or verapamil) should be given to treat the ischemia when not contraindicated.  Morphine should be used for patients not responding to aggressive therapy. 

IV heparin should be given to reduce the chances of MI.  Once heparin is stopped the patient can be started on aspirin. 

Most patients respond to aggressive treatment, after which they should get angiography to evaluate their CAD and their need for CABG or PTCA. 

Myocardial Infarction 
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Background: Acute myocardial infarction (AMI) is the rapid development of myocardial necrosis due to a critical imbalance between oxygen supply and myocardial demand. This usually results from plaque rupture with thrombus formation in a coronary vessel, which results in acute reduction in blood supply to a portion of the myocardium. 

Pathophysiology: The most common cause of AMI is narrowing of the epicardial blood vessels due to atheromatous plaques. Plaque rupture with subsequent exposure of the basement membrane results in platelet aggregation, thrombus formation, fibrin accumulation, hemorrhage into the plaque and varying degrees of vasospasm. 

This can result in partial or complete occlusion of the vessel and subsequent myocardial ischemia. Total occlusion of the vessel for more than four to six hours results in irreversible myocardial necrosis. Reperfusion within this period of time can salvage the myocardium and reduce morbidity and mortality. 

Frequency: 
· In the U.S.: AMI is a leading cause of morbidity and mortality in the U.S. The incidence is about 600/100,000 (1.3 million nonfatal AMIs/year). 

Mortality/Morbidity: 
· There are approximately 500,000-700,000 deaths due to ischemic heart disease in the U.S. alone. 

· Over one-half of deaths occur in the pre-hospital setting. 

· In-hospital deaths account for 10% of all deaths. An additional 10% of deaths occur in the first year post-infarct. 

Sex: 
· Between ages 40-70 there is a male predominance. 

· Over age 70, females are affected equally. 

Age: 
· AMI is most often seen in older (age > 45) populations. 

· Certain sub-populations of individuals under the age of 45 are at risk, particularly cocaine users, insulin dependent diabetics and patients with hypercholesterolemia. 

· In younger patients, the diagnosis may be hampered if the physician does not maintain a high index of suspicion. 
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History: 
· Chest pain, usually across the anterior precordium, is described as tightness, pressure or squeezing. 

· The pain may radiate to the jaw, neck, arms (L>R), back and epigastrium. 

· Dyspnea, which may accompany chest pain or it may be an isolated complaint, indicates poor ventricular compliance in the setting of acute ischemia 

· Nausea and/or abdominal pain is often seen in infarcts involving the inferior wall. 

· Anxiety 

· Lightheadedness/syncope 

· Cough 

· Nausea/vomiting 

· Diaphoresis 

· Wheezing 

· The elderly and diabetics may have particularly subtle presentations and complain of fatigue, syncope or weakness. 

Physical: The physical examination is frequently normal. 

· Patients with ongoing symptoms will usually lie quietly in bed and appear pale and diaphoretic. 

· Hypertension may precipitate AMI or reflect elevated catecholamines due to anxiety, pain or exogenous sympathomimetics. 

· Hypotension indicates ventricular dysfunction due to ischemia, it usually indicates a large infarct and may be seen with a right ventricular infarct. 

· Acute Valvular Dysfunction: 

· Usually of the papillary muscle 

· Mitral regurgitation, due to papillary muscle ischemia or necrosis 

· Congestive Heart Failure (CHF): 

· Neck vein distention 

· Third heart sound (S3) 

· Rales on pulmonary exam 

· New or worsening mitral regurgitant murmur 

· A fourth heart sound is a common finding in patients with poor ventricular compliance due to preexisting heart disease or hypertension. 

· Arrhythmias 

· Cannon jugular venous A waves (with heart block or right ventricular failure) 

Causes: 
· The predominant cause is rupture of an atherosclerotic plaque with subsequent spasm and clot formation. 

· Ventricular hypertrophy (e.g., LVH, IHSS or underlying valve disease) 

· Hypoxia due to carbon monoxide poisoning or acute pulmonary disorders. Infarcts in this setting usually occur when myocardial demands are dramatically increased relative to blood supply. 

· Emboli (may be cholesterol/infectious) to coronary arteries 

· Cornary artery vasospasm 

· Arteritis 

· Coronary anomalies, including aneurysms of the coronary arteries 

· Cocaine, amphetamines and ephedrine 

· Increase afterload/inotropy which increase myocardial demand 

· Primary vasospasm of the coronary artery 

· Risk Factors for Athersclerotic Plaque Formation: are age, male sex below 70 years, smoking, elevated cholesterol, diabetes and poorly controlled HTN. 

· Age 

· Male sex (less than 70 years of age) 

· Smoking 

· Hypercholesterolemia/hypertriglyceridemia 

· Diabetes mellitus 

· Poorly controlled hypertension 

· Type A personality 

· Family history 

· Sedentary lifestyle 
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Angina 
Anxiety 
Aortic Stenosis 
Asthma 
Cholecystitis and Biliary Colic 
Cholelithiasis 
Chronic Obstructive Pulmonary Disease and Emphysema 
Congestive Heart Failure and Pulmonary Edema 
Endocarditis 
Gastroenteritis 
Mitral Regurgitation 
Myocarditis 
Pancreatitis 
Pericarditis and Cardiac Tamponade 
Pneumothorax, Iatrogenic, Spontaneous and Pneumomediastinum 
Pulmonary Embolism 
Shock, Cardiogenic 

Other Problems to be Considered: 
Unstable Angina 

Aortic Dissection 

Esophageal Spasm 

Biliary Tract Disease 
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Lab Studies: 
· Creatinine Phosphokinase Fraction (CPK-MB): 

· This is the gold standard for detection of myocardial necrosis. 

· Levels in AMI begin to rise within four hours after injury occurs, peak at 18-24 hours and subside over three to four days. 

· The upper limit of normal for CPK-MB is 3-6% of total CPK. 

· A normal level in the ED does not exclude the possibility of myocardial necrosis. 

· A single assay in the ED has a sensitivity of 34%. 

· Serial sampling over periods of six to nine hours will increase sensitivity to nearly 90%. 

· Over 24 hours, the sensitivity is near 100%. 

· Myoglobin: 

· This is a very sensitive early marker of acute myocardial necrosis, although it is not specific for myocardial cell necrosis. 

· The myoglobin/carbonic anhydrase III ratio increases the specificity. Carbonic anhydrase is not released by myocardial cells. 

· Troponin-I: 

· This is a contractile protein not normally found in serum. It is released only when there is myonecrosis. 

· The sensitivity is superior to CPK-MB for early detection of myocardial necrosis and it is detectable in serum three to six hours after AMI and remains elevated for 14 days. 

· Troponin-T has similar release kinetics and specificity for myocardial necrosis but is slightly less sensitive than Troponin-I within the first six hours. 

· Complete Blood Count (CBC): 

· Leukocytosis may be seen within several hours after an AMI, it peaks in two to four days and returns to normal within one week. 

· May be useful if anemia is suspected as a precipitant. 

· The erythrocyte sedimentation rate (ESR) rises above normal within three days and may remain elevated for several weeks. 

· The serum lactase dehydrogenase (LDH) level rises above normal within 24 hours of an AME, reaches a peak within three to six days and returns to the baseline within eight to twelve days. 

Imaging Studies: 
· Chest x-ray (CXR): 

· May provide clues to an alternative or complicating diagnosis, such as aortic dissection or pneumothorax. 

· Will also reveal complications of AMI, particularly pulmonary edema and CHF. 

· Echocardiography: 

· Use 2D and M-mode when evaluating wall motion abnormalities and overall ventricular function. 

· Can also identify complications of AMI, such as valvular insufficiency, ventricular dysfunction and pericardial effusion. 

· Technetium-99m Sestamibi Scan: 

· This is a radioisotope that is taken up by the myocardium in proportion to blood flow and redistributed minimally after injection, which allows for time delay between injection and imaging. 

· It has potential use in identifying infarct in patients with atypical presentations or uninterpretable ECGs. 

· A normal scan is associated with an extremely low risk of subsequent cardiac events. 

· Thallium Scanning: Thallium accumulates in the viable myocardium. 

Other Tests: 
· An electrocardiogram (ECG) should be obtained within five minutes of presentation to the ED. 

· Approximately one-half of patients will have diagnostic changes on their initial ECG. 

· An ECG should be performed on any patient over the age of 45 with atypical or new epigastric pain or nausea. 

· In younger patients, an ECG should be considered with these symptoms. 

· High Probability for AMI: 

· ST segment elevation > 1 mm in 2 contiguous leads 

· New Q waves 

· Intermediate Probability of AMI: 

· ST segment depression or T-wave inversion 

· Q waves 

· ST-T wave abnormalities known to be old 

· Low probability of AMI: 

· Normal ECG 

· A normal or non-specific ECG does not exclude the possibility of AMI. 

· Localization of AMI Based on Distribution of ECG Abnormalities: 

· Inferior wall MI: II, III, AVF 

· Lateral Wall MI: I, L, V4-6 

· Antero-septal MI: V1-V3 

Antero-lateral MI: V1-V6 

· Right ventricular MI: RV4, RV5 

· Posterior Wall MI: R/S ratio > 1 in V1, V2, T wave changes (upright)in V1, V8, V9 

Procedures: 
· Angiography is performed prior to procedures to re-establish coronary perfusion. 

· Percutaneous Transluminal Coronary Angioplasty (PTCA): 

· Use selectively for patients failing to respond to thrombolytics. 

· Use as an alternative to thrombolysis (primary PTCA). 

· PTCA restores artery patency in > 90% of patients. 

· PTCA has fewer bleeding complications and recurrent ischemia when compared to thrombolysis. 

· A major drawback is the need for 24-hour availability of an angioplasty suite and staff. Time to treatment is longer for patients receiving primary PTCA as compared to thrombolysis. 

· Intraaortic balloon counter pulsation 

· PTCA/Stenting 

· Coronary artery bypass graft (CABG) 
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Prehospital Care: All patients being transported for chest pain should be managed as if the pain were ischemic in origin unless there is clear evidence to the contrary. 

· Patients with hemodynamic instability or respiratory difficulty should be transported by an ALS unit if available. 

Prehospital notification by EMS personnel should alert ED staff to the possibility of an AMI. 

They should receive on-line medical advice for patients with high risk presentations.

· IV access, supplemental oxygen, pulse oximetry 

· Nitroglycerin SL or spray for active chest pain 

· Prehospital thrombolysis: Shortens time to receipt of thrombolysis by 30-60 minutes for eligible patients; still under investigation. 

· Telemetry and prehospital ECG, if available 

Emergency Department Care: 
· Delays in administration of thrombolysis are often due to delays in ECG performance and interpretation, lack of immediate availablility of thrombolytic agents and outdated protocols requiring cardiology consultation prior to thrombolytic treatment. 

· An ECG should be performed within five minutes of arrival in the ED. 

· The ECG should be hand delivered to a physican experienced in their interpretation. 

· All patients should be placed on telemetry. 

· Two large-bore IVs, if not already inserted by EMS 

· Pulse oximetry and appropriate supplemental oxygen 

· A CXR should be performed soon after arrival to screen for alternative causes of chest pain and identify possible contraindications to thrombolysis, such as an aortic dissection. 

Consultations: 
· The decision to administer thrombolytics should be made by the ED physician. 

· Cardiology should be consulted for those patients who may benefit from angiography/PTCA or intraaortic balloon pumps. 

· Patients in cardiogenic shock 

· Patients with hemodynamically significant new or worsening mitral regurgitant murmurs 
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The main goals of treatment are rapid identification of candidates for thrombolysis, coronary reperfusion via thrombolytic therapy or percutaneous transluminal angioplasty and preservation of coronary artery patency and the myocardium. 

Drug Category: Aspirin - Inhibits cyclo-oxygenase, which produces thromboxane A2, a potent platelet activator. Early administration has been shown to reduce 35-day mortality by 23% as compared to placebo. There is an added mortality benefit when used in combination with thrombolytics. 

PRIVATE
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Aspirin - Should be administered as soon as possible. 

Adult Dose 
160-324 mg po chewed 

Contraindications 
Known hypersensitivity to aspirin 

Interactions 
May increase risk of bleeding in patients on oral anticoagulants. 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>

Drug Category: Thrombolytics - When given within 12 hours of symptom onset they restore patency of occluded arteries, salvage myocardium and reduce morbidity and mortality of AMI. Thrombolytic treatment should be started within 30 minutes of arrival (door-drug time). Maximum benefit occurs when given within one to three hours of symptom onset. 

Indications for Thrombolytics: 

Symptom onset < 12 hours 

ECG criteria: > 1mm ST elevation in 2 or more contiguous limb leads 

Contraindications to Therapy: 

Absolute: Active or recent internal bleeding, CVA less than 2-6 months prior or hemorrhagic CVA, intracranial or intraspinal surgery/trauma less than two months prior, intracranial or intraspinal neoplasm, aneurysm or AVM, known severe bleeding diathesis, uncontrolled HTN, suspected aortic dissection or pericarditis and pregnancy. 

Relative: Active peptic ulcer disease, CPR for longer than 10 minutes, hemorrhagic opthalmic conditions, puncture of noncompressible vessel less than 10 days prior, age over 75 years, significant trauma or major surgery greater than two weeks and less than two months prior and advanced kidney/liver disease. 

Current menstruation is not a contraindication. 

Strptokinase (SK) Versus Tissue Plasminogen Activator (tPA): 

TPA has greater 90 minute patency rates (but not 24h) and decreased mortality (GUSTO trials: 6.3% tPA vs. 7.3% SK). There is an increased incidence of intracranial hemorrhage with tPA (GUSTO trials: 0.94% tPA vs. 0.52% SK). Also, tPA is more expensive ($2000/dose tPA vs. $300/dose SK). 
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Alteplase (tPA) - This is a fibrin-specific agent with a brief half-life of five minutes. Adjunctive therapy with IV heparin is necessary to maintain patency of arteries recanalized by tPA, especially during the first 24-48 hours. 

Adult Dose 
15 mg IV, followed by 0.75 mg/kg (up to 50 mg) IV over 30 min, then 0.5 mg/kg (up to 35 mg) IV over 60 min 

Max total dose: 100 mg 

Contraindications 
Known hypersensitivity 

Pregnancy 
D - Unsafe in pregnancy 

Precautions 
Hemorrhage, particularly intracranial 

Elderly patients are at greatest risk. 

</TBODY>
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Streptokinase - This is a nonfibrin-specific agent with a half-life of 23 minutes. Need for adjunctive therapy with heparin is controversial. 

Adult Dose 
1.5 million IU in 50 cc D5W IV over 60 min 

Contraindications 
Prior administration of SK within six months, streptococcal infection 

Known hypersensitivity 

Pregnancy 
D - Unsafe in pregnancy 

Precautions 
Hemorrhage, particularly at venipuncture sites 

Treatment is direct pressure. 

</TBODY>
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Antistreplase (Anisoylated Plasminogen Streptokinase Activator Complex) - This therapy is recently approved for use in AMI. It is a nonfibrin-specific agent with a half-life of 90 minutes. It has no survival benefit over SK and a higher rate of allergic and bleeding complications. It is easier to administer than tPA, has a lower cost ($1,500) and does not require heparinization. 

Adult Dose 
30 IU over 2-5 min 

Contraindications 
Known hypersensitivity 

Pregnancy 
D - Unsafe in pregnancy 
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Drug Category: Beta Blockers - Limit heart rate and reduce blood pressure, which decreases myocardial oxygen demand, opposes effects of elevated catecholamines and possess antiarrhythmic properties. Short- and long-term mortality are reduced in patients with AMI. Greatest benefit when given within 8 hours of symptom onset. Aim for a target heart rate to 60-90 bpm. 
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Metoprolol (Lopressor) - This is a beta-1 selective antagonist. Goals of treatment are a reduction in heart rate to 60-90 bpm. 

Adult Dose 
5 mg IV slow infusion 

May be repeated every five minutes to a maximum dose of 15 mg or desired heart rate. 

Contraindications 
Known hypersensitivity 

Significant AVN block, severe asthma/COPD, severe LV dysfunction/shock 

Interactions 
Use with caustion in patients on other negative inotropes, such as verapamil. 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

Precautions 
Do not use in cocaine-related ischemia. 
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Esmolol - This is an excellent drug for use in patients at risk for experiencing complications from beta-blockers, particularly those with reactive airway disease, mild-moderate LV dysfunction or peripheral vascular disease. The short half-life of eight minutes allows for titration to desired effect with the ability to stop quickly if needed. 

Adult Dose 
Loading dose: 500 mcg/kg/min (over 1 min) 

Maintenance dose (over 4 min): 50 mcg/kg/min 

Starting maintenance dose of 0.1mg/kg/min IV.Titrate in increments of 0.05mg/kg/min q 10-15 in to a total dose of 0.2mg/kg/min. Optional loading dose of 0.5mg/kg slow IV infusion. 

Contraindications 
Known hypersensitivity 

Significant AVN block, severe asthma/COPD, severe LV dysfunction/shock 

Interactions 
Use with caustion in patients on other negative inotropes, such as verapamil. 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

Precautions 
Do not use in cocaine-related ischemia. 
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Drug Category: Nitroglycerin - Opposes coronary artery spasm, which augments coronary blood flow and reduces cardiac work by decreasing preload and afterload. Nitroglycerin can be adminstered sublingually by tablet or spray, topically or IV. In the setting of AMI, topical administration is a less desirable route due to unpredictable absorption and onset of clinical effects. 
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Nitroglycerin 

Adult Dose 
400 mcg SL tablet or spray q5min, repeated up to three times 

If symptoms persist, IV infuse at a rate of 5-10 mcg/min. The dose should be titrated to a 10% reduction in MAP or limiting side effects of hypotension (> 30% reduction in MAP or systolic BP < 90) or severe headache. 

Contraindications 
Known hypersensitivity 

Known right ventricular infarct (relative), shock 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>

Drug Category: Heparin - Augments activity of antithrombin III but does not actively lyse clot. Prevents reformation of clot after thrombolysis. Indicated for use as adjunctive therapy with tPA. Benefits as adjunctive therapy for SK are not clear. It has been associated with an increased risk of hemorrhage when used with APSAC. 
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Heparin Sulfate 

Adult Dose 
80 U/kg IV bolus, followed by infusion of 18 U/kg/h 

Alternative dosing: 5000 U bolus and 1000 U/hr infusion 

Contraindications 
Known hypersensitivity 

Active bleeding, history of heparin-induced thrombocytopenia, hemorrhagic CVA 

Interactions 
Patients on platelet inhibitors may experience excesive bleeding. 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>

Drug Category: Morphine Sulfate - Reduces pain, which decreases sympathetic stress. May provide some preload reduction. 
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Morphine 

Adult Dose 
2 mg IV q5-15min 

Titrate to symptom relief or side effects (lethargy, hypotension, respiratory depression). 

Contraindications 
Known hypersensitivity 

Altered mental status, respiratory depression, shock 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>
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Further Inpatient Care: 
· All patient with known or suspected AMI should be admitted to an intensive care unit. 

· Patients should continue to receive beta-blockers, nitrates and heparin, if indicated. 

· ACE Inhibitors: 

· These have been shown to improve survival in AMI as short- and long-term therapy. 

· In the acute setting, afterload reduction may limit post-infarction remodeling and reduce risk of CHF and sudden death. 

· Lidocaine: 

· Routine use of lidocaine in AMI has not been shown to reduce mortality. 

· It is indicated for patients with ventricular ectopy that is complex or hemodynamically significant, nonsustained or sustained ventricular tachycardia. 

Transfer: 
· Transfer should be considered only for select patients. The benefit must outweigh the considerable risks of transferring a patient with an AMI. 

· Transfer should be considered for those patients who are in an institution where there is no immediate access to angiography or bypass if they are likely to benefit from these interventions. 

· Patients with significant LV dysfunction or cardiogenic shock 

· Patients with new or worsening hemodynamically significant mitral regurgitant murmurs 

· Patients with known or suspected critical aortic stenosis and either ongoing ischemia or hemodynamic instability 

· Patients who have received thrombolysis and fail to reperfuse 

Deterrence: 
· Avoid risk factors 

· Aspirin, 91 mg/day, may be helpful 

Complications: 
· Tachyarrhythmias: 

· Sinus tachycardia is a poor prognostic sign indicative of ventricular dysfunction or failure. 

· PVCs: Simple < 10/h, no need to treat 

PVCs: Complex, NSVT/VT, lidocaine DOC 

· Accelerated idioventricular rhythm (AIVR) is the most common reperfusion arrhythmia, however, it is usually well tolerated and does not require treatment. 

· Bradyarrhythmias: 

· Type I second degree heart block (Wenkebach) is associated with inferior wall MI. Treat only if hemodynamically significant using temporary pacing or atropine. 

· Type II and third degree heart block is associated with anterior wall MI and requires permanent pacemaker. Bundle branch blocks (BBB), new or preexisting with new second degree heart block, require consideration for permanent pacemaker. 

· Cardiogenic Shock: 

In the setting of AMI, shock is associated with 80% in-hospital mortality. 

Patients should undergo emergency coronary angiography, placement of an intr-aortic balloon pump and reperfusion by PTCA, thrombolysis or CABG. 

· Valvular Insufficiency: 

This may occur acutely when there is ischemia/infarct of the papillary muscle resulting in mitral regurgitation. 

It usually presents as flash pulmonary edema and hypotension. 

Ischemia often responds to medical therapy and thrombolysis. 

Papillary muscle rupture requires emergency angiography and valve repair. 

· RV infarct occurs in the setting of inferior wall infarction. 

As such patients are preload dependent, they will often be identified by profound hypotension with clear lungs, particularly after nitroglycerin therapy and will respond to volume loading. 

This can be diagnosed by ST segment elevation in right sided chest leads (V4R, V5R). 

Prognosis: 
· The prognosis is highly variable and depends on a number of factors related to the timing and nature of intervention, success of the intervention (infarct size) and post MI management. 

· The followin factors are associated with a better prognosis. 

· Early reperfusion 

· Inferior wall infarct 

· Preserved LV function 

· Short- and long-term treatment with beta blockers, aspirin and ACE inhibitors 

· Factors associated with a poorer prognosis: 

· Delay in reperfusion, unsuccessful reperfusion 

· LV dysfunction is the strongest predictor of outcome in the post-MI patient. 

· Ventricular Dysrhythmias: 

Oral antiarrhythmic therapies have failed to show a mortality benefit. 

Recent experience with amiodarone suggests that this may improve long-term mortality in surviviors of AMI with ectopy/NSVT/VT. 
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Medical/Legal Pitfalls: 
· Failure to diagnose myocardial infarction can result in costly litigation. In most studies, this diagnosis accounts for the largest sum of dollars lost. The often grim outcome adds a major emotional cost to the physician. 

· Attribution of epigastric or chest symptoms from myocardial ischemia to a GI source. Often, this is done despite the presence of dyspnea or diaphoresis, symptoms difficult to attribute to the GI system. Unfortunately, patients with myocardial ischemia may report relief or improvement with GI remedies, such as antacids. 

A pearl to remember is that even myocardial ischemia can worsen with recumbency (angina decubiti) due to an increase in venous return and a temporary greater workload. 

· Attribution of the discomfort of myocardial ischemia to a musculoskeletal etiology. Chest wall tenderness is reported in up to 5% of patients who prove to have an MI. If there is no defined injury or event that could have led to soft tissue injury, the clinician should be reluctant to render a diagnosis of musculoskeletal chest pain. 

· Younger patients are over-represented in cases of missed MI. This is likely due to our inherent bias that this is a disease of late middle-age and up. Approach each patient with chest symptoms as an individual who could have the disease. 

· ECG misinterpretation 

· Unfortunately, in a series of missed myocardial infarction, the failure to recognize ischemic changes is frequent. The inferior leads, in particular, must be scrutinized carefully for any evidence of ST segment elevation by using a straight edge across the T-P segments. Another common error is to recognize ischemic changes and then discharge the patient without definitively proving they were preexistent. Nonischemic causes of ST segment elevation include LVH, pericarditis, ventricular paced rhythms, hypothermia, hyperkalemia and LV aneurysm and may lead to overtreatment. 

· Failure to diagnose an AMI in the setting of LBBB. Criteria for diagnosis are as follows: 

· 1) ST-segment elevation > 1 mm and concordant with QRS complex 

2) ST segment depression > 1 mm in lead V1, V2 or V3 

3) ST segment elevation > 5 m and discordant with QRS complex 

· These criteria have been assigned a score from 1-5. 

A score of 3 is necessary for a specificity for AMI of 90%. 

Criteria 1 is scored a 5, 2 is scored a 3 and 3 is scored a 2. 

· Delays or failure to administer thrombolytics: 

This is most often due to delays in ECG performance, interpretation, decision making and availability of thrombolytics in ED. Excluding patients based on age alone will deny some the significant benefit of thrombolysis. 
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Caption: A 53-year-old patient with 3 hours of chest pain had a 12-lead ECG as shown. He was given SL nitroglycerin and developed severe symptomatic hypotension. His BP normalized with volume resuscitation. 






Picture Type: ECG 

Caption: The right-sided leads indicate ST segment elevations in RV4 and RV5 consistent with an RV infarct. 






Picture Type: ECG 

Caption: A 12-lead ECG of RV infarct. 
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CME Question 1: A 78 year old female presents with 2 hours of chest pain that feels like indigestion. She was brought in by neighbors because she complained that this attack was particularly severe. Past medical history is significant for HTN, no prior MI or angina. Her initial ECG performed on arrival in the ED, while the pain was on-going. Her triage vital signs are BP 170/90 and HR 110. What should be the order of initial interventions given in the ED? 






A: ASA, streptokinase, heparin, beta-blockers 
B: ASA, nitroglycerin, beta-blockers 
C: ASA, streptokinase, nitroglycerin, beta-blockers 
D: tPA, nitroglycerin, beta-blockers, heparin 
E: Nitroglycerin, ASA, heparin, beta-blockers 
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Your Choice: [image: image6.wmf]



HTMLCONTROL Forms.HTML:Text.1  \* MERGEFORMAT \s[image: image7.wmf]

Check Answer


Bottom of Form 2

CME Question 2: A 54 year old male presents with 7 hours of chest pain that has been waxing and waning in severity. The pain is currently 4/10. His vital signs are BP 168/90 and HR 84. His ECG is as shown. Which of the following would be a contraindication to receiving thrombolytics? 






A: A history of a cholecystectomy 3 months prior 
B: Hypertension 
C: A history of CVA 3 weeks prior 
D: Duration of symptoms (7 hours) 
E: Known glaucoma 
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Pearl Question 1: Which of the following medications has the least effect on post-MI morbidity and mortality: Beta-blockers, nitroglycerin, ACE inhibitors or thrombolytics? 
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Pearl Question 2: Which groups of patients are at risk for being inappropriately excluded from receiving thrombolytics? 
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Pearl Question 3: What is the most sensitive early marker of myocardial necrosis and what are its limitations? 
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Pearl Question 4: A 48 year old male presents with chest pain and lightheadedness for 4 hours. On arrival to the ED, he had the pictured ECG. He was given ASA and SL nitroglycerin and his blood pressure fell to 60 systolic. He became confused and diaphoretic. His physical examination revealed elevated neck veins and clear lungs. What is the cause of these symptoms? 
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Background: Angina is a diagnosis based almost entirely on history, risk factors and, to a lesser extent, ECG. The symptoms are due to myocardial ischemia, the underlying cause being an imbalance of myocardial oxygen supply and demand. 

Pathophysiology: Myocardial ischemia most often develops as a result of reduced blood supply to a portion of the myocardium due to the development of atherosclerotic plaques. Initially smooth surfaced, the plaques allow sufficient blood flow to match myocardial demand. These areas of narrowing may become clinically significant and precipitate angina when myocardial demand is increased. Angina that is reproduced by exercise, eating and/or stress and is subsequently relieved with rest is called chronic stable angina. Over time, the plaques may thicken and rupture, revealing a thrombogenic surface upon which platelets aggregate and thrombus forms. The patients may first note symptoms of cardiac ischemia at this time or a change in severity or duration of usual angina. This is called unstable angina. The end result of persistent ischemia is myocardial infarction (MI). 

Frequency: 
· In the U.S.: The accuracy of frequency and prevalence estimates of angina is limited by the variable nature of the disease and history-based diagnosis. Prevalence is also affected by treatment modalities and variations in diagnostic criteria. 

· Internationally: Britain: Annual incidence of angina is estimated at 1.1/1000 males and 0.5 /1000 females between the ages of 31-70 years. 

Sweden: Estimates of chest pain of ischemic origin are 5% of all males ages 50-57. 

Mortality/Morbidity: When the only treatment was limitation of activity and nitroglycerin, early studies of patients with newly diagnosed angina found a 40% incidence of MI and 17% mortality in 3 months. More recent studies show that the prognosis in stable angina pectoris is significantly better due to improvements in early identification, risk stratification and intervention. Clinical characteristics that are associated with a poor prognosis include older age, male sex, prior MI, diabetes, hypertension and multiple vessel or left mainstem disease. 

Sex: Males predominate in age groups less than 70 years old. This is due to the cardioprotective effect of estrogen in females. At 15 years postmenopause, the incidence of angina occurs with equal frequency in both sexes. 

Age: Between the ages of 40-70, angina is diagnosed more often in males than females. After the age of 70, females are affected equally. 
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History: 
· Classically, angina is a symptom that reflects myocardial ischemia in the setting of increased oxygen demand. It is typically described as a sensation of chest pressure or heaviness that is reproduced by activities or conditions that increase myocardial oxygen demand. 

· A patient may present to the ED because of a change in pattern or severity of symptoms. A new case of angina is more difficult to diagnose because the symptoms are often vague and similar to those caused by other conditions such as indigestion or anxiety. 

Patients may have no pain and only complain of episodic shortness of breath, lightheadedness or nausea. 

· Patients may complain of the following: 

Palpitations 

· Pain is usually described as pressure, or a squeezing or burning sensation across the precordium. This pain may radiate to the neck, shoulder, jaw, back and arm. 

· Exertional dyspnea that resolves with pain or rest 

· Nausea from vagal stimulation, diaphoresis from a sympathetic surge 

· Decreased exercise tolerance 

· Diabetic and elderly patients are more likely to have atypical presentations and offer only vague complaints such as weakness, lightheadedness and nausea. 

· Stable angina 

· Episodic pain lasting 5-15 minutes 

· Provoked by exertion and relieved by rest or nitroglycerin 

· Unstable angina is a clinical subgroup. Patients have increased risk for adverse cardiac events such as MI or death. Three clinically distinct forms exist: 

· New onset exertional angina 

· Angina of increasing frequency or duration or refractory to nitroglycerin 

· Angina at rest 

· Variant (Prinzmetal's) angina 

· Occurs primarily at rest 

· Triggered by smoking 

· Thought to be due to coronary vasospasm 

Physical: 
· The physical exam is frequently normal, especially if the symptoms have resolved. If chest pain is ongoing, the patient usually will lie quietly in bed and appear anxious, diaphoretic and pale. 

· Hypertension may precipitate angina or reflect elevated catecholamines due to either anxiety or exogenous sympathomimetics. 

· Hypotension indicates ventricular dsyfunction due to ischemia or acute valvular dysfunction. 

· Congestive heart failure 

· Jugular venous distention 

· Third heart sound (S3) 

· New murmur, papillary muscle dysfunction 

· Rales on pulmonary exam suggest LV dysfunction or mitral regurgitation. 

· The presence of a fourth heart sound (S4) is a common finding in patients with poor ventricular compliance due to preexisting ischemic heart disease or hypertension. 

Causes: 
· Atherosclerotic plaque disease is the predominant cause. Coronary artery vasospasm is also common. 

· Alternative causes of angina include the following: 

· Ventricular hypertrophy due to hypertension, valvular disease or cardiomyopathy 

· Embolic occlusion 

· Hypoxia, as in carbon monoxide poisoning or acute pulmonary disorders 

· Cocaine and amphetamines increase myocardial oxygen demand and cause vasospasm. 

· Severe anemia usually unmasks underlying coronary artery disease. 
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Aneurysms, Thoracic 

HYPERLINK "http://www.emedicine.com/EMERG/topic0.htm"
Anxiety 
Aortic Stenosis 
Asthma 
Cardiomyopathy, Dilated 
Esophagitis 
Gastroenteritis 
Hypertensive Emergencies 
Myocardial Infarction 
Myocarditis 
Pericarditis and Cardiac Tamponade 
Pneumothorax, Iatrogenic, Spontaneous and Pneumomediastinum 
Pulmonary Embolism 
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Lab Studies: 
· An ECG is the most important diagnostic test in the ED. It may show changes during symptoms and in response to treatment, which confirm a cardiac basis for the symptoms. It may also demonstrate preexisting structural or ischemic heart disease (LVH, Q waves). A normal ECG or one that remains unchanged from the baseline does not exclude the possibility that the chest pain is ischemic in origin. Changes that may be seen during anginal episodes include the following: 

· Transient ST elevations (fixed changes suggest acute MI) 

· Dynamic T wave changes, either inversions, normalizations or hyperacute changes 

· ST depressions that may be junctional, downsloping or horizontal 

· Diagnostic sensitivity may be increased by performing right sided leads (V4R), posterior leads (V8,V9) and serial recordings. 

· Creatine kinase fraction (CK-MB) is the gold standard for detection of myocardial necrosis. 

· Levels in acute MI begin to rise within 4 hours after injury occurs, peak at 18-24 hours, then subside over 3-4 days. 

· Upper limit of normal for CK-MB is 3-6% of total CK. A normal level in the ED does not exclude the possibility of myocardial necrosis. 

· Single assay in the ED has sensitivity for acute MI of 34%. Serial sampling over periods of 6-9 hours will increase sensitivity to approximately 90%. Serial CK-MB over 24 hours will detect myocardial necrosis with a sensitivity of near 100% and a specificity of 98%. 

· Should be checked on those patients with prolonged episodes of ischemic pain, patients with new changes on ECG or indeterminent ECG 

· Troponin-I is a contractile protein normally not found in serum. Sensitivity is superior within the first 6 hours to CK-MB for detection of myocardial necrosis. 

· Detectable in serum 3-6 hours after necrosis and remains elevated for 14 days. 

· In patients with unstable angina, minor elevations may identify patients at risk for subsequent cardiac events such as acute MI and death. 

· Troponin-T release kinetics similar to Troponin-I. It is less sensitive than Troponin-I for detection of early myocardial necrosis. 

· A complete blood count (CBC) may be useful in patients with suspected anemia. 

Imaging Studies: 
· Echocardiogram - An echocardiogram will demonstrate wall motion abnormalities due to ischemia. It is of limited value in patients whose symptoms have resolved or those with pre-existing wall motion abnormalities. It may be useful, however, in identifying precipitants for ischmia, such as ventricular hypertrophy and valvular disease. 

· CXR - A CXR will either demonstrate complications of ischemia, such as pulmonary edema, or provide clues to alternative causes of symptoms such thoracic aneurysm and pneumonia. 
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Prehospital Care: 
· All patients transported with chest pain should be initially managed under the assumption that the pain is ischemic in origin. Prehospital interventions should be guided by the nature of the presenting complaint, individual patient risk factors and associated symptoms such as difficulty breathing, hemodynamic instability or the appearance of ectopy on telemetry. 

· IV access, supplemental oxygen 

· Telemetry and prehospital ECG, if available 

· Pulse oximetry 

· Sublingual nitroglycerin if chest pain is ongoing 

Emergency Department Care: 
· The goals of ED care are rapid identification of patients with acute MI, exclusion of alternative causes of non-ischemic chest pain and stratification of patients with acute coronary ischemia into low and high risk groups. 

· IV access, supplemental oxygen and telemetry monitoring should be done if not already performed in the prehospital phase. In addition, establish a 12-lead ECG within 5 minutes of arrival in the ED. 

· Complete a history and physical exam, with focus on risk factors for coronary ischemia, onset, duration and pattern of symptoms and early identification of complications of myocardial ischemia, such as new murmurs or CHF. 

· Perform frequent reassessments of vital signs and symptoms in response to administered therapies. 

· Serial ECGs and continuous ST segment monitoring may be useful. 

Consultations: 
· Cardiology consultation may be indicated for those patients with any of the following: 

· Patients with ongoing symptoms highly suggestive of acute coronary ischemia and uninterpretable ECG (e.g. LBBB) 

· Patients with ongoing symptoms refractory to aggressive medical therapy 

· Patients with hemodynamic instability, evidence of acute valvular dysfunction or shock 

· Patients with known severe aortic stenosis and ongoing symptoms 
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The goals of treatment are to preserve patency of the coronary artery, augment blood flow through stenotic lesions and reduce myocardial oxygen demand. All patients should receive antiplatelet agents, and those patients with evidence of ongoing ischemia should receive aggressive medical intervention until signs of ischemia, as determined by symptoms and ECG, resolve. 

Drug Category: Anti-platelet agents (Aspirin) - Inhibits cyclo-oxygenase, in turn producing thromboxane A2, a potent platelet activator 

PRIVATE
<TBODY>Drug Name 
Aspirin - Early administration of aspirin in patients with acute MI has been shown to reduce cardiac mortality by 23% in the first month. 

Adult Dose 
160-324 mg po, chewed 

Contraindications 
Known hypersensitivity to aspirin 

Interactions 
May increase risk of bleeding in patients on oral anticoagulants 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>

Drug Category: Nitroglycerin - Opposes coronary artery spasm and reduces myocardial oxygen demand by reducing both preload and afterload 
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Nitroglycerin 

Adult Dose 
400 mcg sublingual or spray q 5 minutes, repeated up to 3 times. If symptoms persist, IV infusion at a rate of 5-10 mcg/min. The dose should be titrated to a 10% reduction in MAP or symptom relief, or limiting side effects of hypotension (>30% reduction in MAP or < 90mmHg systolic) or headache. 

Contraindications 
Known right ventricular infarct (relative), shock 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>

Drug Category: Morphine sulfate - Reduces pain, which decreases sympathetic stress, in addition to providing some preload reduction 
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Morphine sulfate 

Adult Dose 
2 mg IV q 5-15 min, titrate to symptomatic relief or side effects such as lethargy, hypotension or respiratory depression 

Contraindications 
Mental status changes, respiratory depression, shock 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

</TBODY>

Drug Category: Heparin - Augments activity of antithrombin III, does not actively lyse clot, prevents reaccumulation of clot after spontaneous fibrinolysis 
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Heparin 

Adult Dose 
80 U/kg IV bolus, followed by an infusion of 18 U/kg/h 

Contraindications 
Active bleeding, history of heparin induced thrombocytopenia, recent CVA 

Interactions 
Patients on platelet inhibitors may experience excessive bleeding. 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

Precautions 
Observe for prolonged or excessive bleeding at venipuncture sites 

</TBODY>

Drug Category: Beta-blockers - Beta-blockers have antiarrhythmic and antihypertensive properties as well as the ability to reduce ischemia. They minimize the imbalance between myocardial supply and demand by reducing afterload and wall stress. In patients with acute MI, they have been shown to decrease infarct size as well as both short and long term mortality, which is a function of their antiischemic and antiarrhythmic properties. 
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Metoprolol (Lopressor) - A beta-1 selective antagonist. Goals of treatment are a reduction in heart rate to 60-90 beats/min. 

Adult Dose 
5 mg IV slow infusion q 5 min, to a maximum dose of 15 mg or desired heart rate 

Contraindications 
Significant AVN block, severe asthma/COPD, LV dysfunction, shock 

Interactions 
Use with caution in patients on other negative inotropic agents, such as verapamil 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

Precautions 
Do not use in cocaine-related ischemia. 

</TBODY>
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Esmolol - An excellent drug for use in patients at risk for experiencing complications from beta-blockers, particularly reactive airway disease, mild-moderate LV dysfunction and peripheral vascular disease. Its short half life of 8 minutes allows for titration to desired effect with the ability to stop quickly if necessary. 

Adult Dose 
Starting maintenance dose of 0.1mg/kg/min IV. Titrate in increments of 0.05 mg/kg/min q 10-15 min to a total dose of 0.2mg/kg/min. Optional loading dose of 0.5mg/kg slow IV infusion. 

Contraindications 
See metroprolol 

Interactions 
See metroprolol 

Pregnancy 
C - Safety for use during pregnancy has not been established. 

Precautions 
Do not use in cocaine-related ischemia. 

</TBODY>

Drug Category: Calcium Channel Blockers - These blockers have no known benefit in the treatment of unstable angina. May be used acutely to control blood pressure or treat supraventricular arrhythmias. 
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Glycoprotein IIb/IIIa inhibitors - Glycoprotein(GP)IIb/IIIa antagonists prevent the binding of fibronogen, thereby blocking platelet aggregation. Studies to date suggest that as a class, the addition of intravenous GPIIa/IIIa inhibitors to aspirin and heparin improves both early and late outcomes, including mortality, Q-wave MI, need for revascularization procedures, and hospital length of stay. 
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Further Inpatient Care: 
· Patients with unstable angina should be admitted to a telemetry bed. 

· Patients with symptoms refractory to aggressive medical treatment, shock, suspected or known aortic stenosis, or new or worsening mitral regurgitation are a high risk group of patients. Their management should include the following: 

· Admission to an intensive care unit setting 

· Cardiology consultation 

· Consideration for intraaortic balloon pump (IABP) and early angiography to delineate anatomy 

· All patients should continue to receive antiplatelet and antianginal medications initiated in the ED. Subsequent dosing will be determined by symptomatic response and tolerance of side effects. 

Further Outpatient Care: 
· Patients with chronic stable angina may be considered for discharge after the following occur: 

· Symptom duration is brief, and identical to symptoms experienced in the past 

· ECG is normal or unchanged 

· Patient has access to timely follow-up with their primary M.D. 

· When in doubt, admit. The reason that a patient with chronic stable angina has presented to the ED is usually because of a change in pattern or severity of symptoms, which makes their angina unstable. 

In/Out Patient Meds:
· Aspirin 

· Use ticlopidine 250 mg po bid as a substitute for patients unable to take aspirin because of a history of hypersensitivity or bleeding 

· Nitrates 

· Topical or oral for patients who are discharged or stable admits 

· Intravenous infusion is preferable for those admitted with unstable symptoms. 

· Beta-blockers 

· Metoprolol and propranolol are excellent choices for both inpatient and outpatient management. 

· Esmolol for inpatient treatment, particularly those at risk for adverse side effects from beta blockade 

· Heparin 

· Use for inpatient management of unstable angina. There are some preliminary data suggesting that low-molecular weight heparin is a safe and effective alternative. 

Transfer: 
· Transfer should be considered only for particularly high-risk patients and those who are being evaluated in a center without access to timely cardiac catheterization, PTCA or bypass. 

· High risk criteria include the following: 

· Symptoms refractory to medical management 

· Hemodynamic instability, cardiogenic shock 

· New or worsening mitral regurgitant murmur 

· Known or suspected severe aortic stenosis 

· The risks of transferring these unstable patients must be carefully weighed against the benefits of transfer. 

Deterrence: 
· Cessation of smoking 

· Assessment of lipid profile and dietary changes, where appropriate 

· Blood pressure control 

· Compliance with medications, particularly aspirin 

· Comprehensive risk assessment by primary care M.D., including ETT for high risk individuals and identification of structural heart disease such as LVH and aortic stenosis 

Complications: 
· Acute myocardial infarction 

· Cardiogenic shock 

· Ischemic mitral regurgitation 

· Arrhythmias 

· Supraventricular arrhythmias are a rare complication of ischemia and they may actually precipitate ischemic events. 

· Ventricular arrhythmias - PVCs, both simple and complex, and NSVT 

· Atrioventricular nodal blockade 

· Usually transient in setting of reversible ischemia 

· Treatment is guided by location of block and hemodynamic stability. 

Prognosis: 
· Patients with angina will either go on to infarct or have their disease stabilized by medical and/or interventional therapies. Angina patients are a heterogeneous group, therefore, prognosis varies with respect to stability of disease, demographics, co-morbidity and current intervention. 

· Chronic stable angina - Prognosis is generally excellent. Factors that have been shown to impact on prognosis include the following: 

· Aspirin reduces progression to both nonfatal MI and cardiac deaths. 

· Beta-blockers control anginal symptoms and reduce cardiac complications in patients with hypertension. 

· PTCA and Revascularization improve the prognosis in high-risk patients. 

· Poor prognostic factors include male sex, diabetes and hypertension. 

· Unstable angina - Prognosis is determined by the ability to control symptoms acutely, preventing progression to acute MI. Factors that are associated with a poorer prognosis include the following: 

· Evidence of myocardial necrosis as determined by an elevated troponin-T 

· Delays in angiography in high-risk patients. Early angiography allows for triage to either medical therapy, PTCA or revascularization. 

Patient Education: 
· For those patients being discharged to home, the following points deserve emphasis: 

· Timely follow-up with their primary care physician 

· Compliance with discharge medications, specifically aspirin and other medications used to control symptoms 

· Need to return to the ED for any change in frequency or severity of symptoms 
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Medical/Legal Pitfalls: 
· Failure to consider the diagnosis. Groups at risk are: 

· Women, particularly pre-menopausal 

· Diabetics 

· Elderly 

· Cocaine-related ischemia 

· Inadequate risk stratification in ED 

· Failure to administer aspirin as first-line therapy 

· Overcautious use of beta-blockers in the ED 
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CME Question 1: A 50 year-old male with insulin dependent diabetes and hypertension presents with 1 hour of mid-sternal chest pain that began after eating a large meal. The pain is now present but minimal. The test that will most affect his subsequent medical management is: 


A: Response to SL nitroglycerin 
B: ECG 
C: Response to GI cocktail 
D: Results of rapid CK-MB obtained on arrival 
E: Chest x-ray 

Top of Form 2
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CME Question 2: The patient mentioned in question 1 has the following ECG. The most important therapy to begin in the ED is: 






A: Beta-blockers 
B: Nitrates 
C: Aspirin, chewed 
D: Morphine sulfate 
E: Heparin 
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Bottom of Form 3

Pearl Question 1: What is the role of cardiac enzymes in the evaluation of patients with angina? 
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Pearl Question 2: A 62 year-old female with a history of chronic stable angina and a "valve problem" presents with new chest pain. She is symptomatic on arrival in the ED, complaining of shortness of breath and precordial chest tightness. Her initial vital signs are BP 140/90 and HR 98. Her ECG is as shown. She is given a SL NTG, and her pressure drops to 80/palp. What are possible causes of this? 
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Pearl Question 3: A 50 yearold female presents with unstable chest pain and T wave inversions in the anterolateral leads. Her exam is notable for rales at the lung bases and mild shortness of breath. Her vital signs are BP 178/100 and HR 110. She is treated with ASA, IV nitroglycerin with some improvement in chest pain. Her BP is now 148/90, HR 118. ECG changes persist. What would be the next intervention? 
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Pearl Question 4: What would be the indication for obtaining a cardiology consultation in the ED for patients with angina? 
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[image: image26.wmf]




12 Lead ECG Review
by
Michael Cox, EMT-P, RN, CEN, CFRN, CCRN
Staff Flight Nurse, Florida Flight One
Presentation: 

A 42 year old black male presented to the Emergency Department complaining of chest pain "off and on" for 3 days. When the pain is present the patient describes it as substernal with mild radiation to his left neck. He has been self medicating with anti-acids and acetaminophen with inconsistent relief. On presentation at the E.D. he states the pain is a "5" on a scale of 1 to 10 with a concurrent left arm "ache" and a generalized chest heaviness. 

History: 

The patient reports a history of high blood pressure treated with an unknown medication. Patient discontinued the medication, on his own, approximately 6 months ago. Patient smokes 1-2 packs each day and has a 16 year pack history. The patient's father died at age 62 from an MI and the patient's mother underwent a triple vessel coronary artery bypass grafting procedure 1 year ago at age 66. The remaining history was unremarkable. 

Initial treatment: 

Based on his presenting complaint and history, the patient was immediately taken to the Chest Pain Center. He was placed on a cardiac monitor, oxygen was initiated at 3 lpm via nasal prongs, a 18 gauge saline lock was established and blood sent to the lab for CBC, SMA-7, CPK-MB and LDH-1. A 12 lead ECG was obtained and is shown above. A portable chest x-ray was also performed. 

Initial vital signs were as follows; 

Heart Rate: 52 and regular Respiratory Rate: 18, deep and regular. Lungs clear to bilateral auscultation. Blood Pressure: 162/94 Temperature (oral): 98.9 F 

Chest pain was reduced to 3 over 10 after 2 nitroglycerin tablets were administered sublingually. Because of this a nitroglycerin infusion was initiated at 10 ug/min and titrated upward for pain. At 30 ug/min the patient reported an absence of pain (0/10). Blood pressure, at that time, was 136/88. 

Lab Results: 

CBC, SMA-7, LDH-1: All values within institutional normal limits CPK: 88 (NV 10-80) CPK-MB: 1.8 (NV 1.0 -4.4) Chest X-ray: Within normal limits. 

Subsequent Treatment: 

Based on the patient's laboratory results, history and presenting ECG, the cardiologist on-call was summoned to evaluate the patient. On his arrival, the cardiologist had the patient transferred to the cardiac catheterization suite where a cardiac catheterization was performed. The cath revealed a 99% obstruction of the patient's proximal Left Anterior Descending (LAD) coronary artery. A percutaneous transluminal coronary angioplasty (PTCA) was performed which successfully reduced the LAD lesion form 99% to less than 15%. 

Three days later the patient was discharged from the hospital and began undergoing out-patient cardiac rehabilitation. 

Follow-up: 

Repeat ECGs at 3 and 6 months showed only embryonic Q waves (less than 1mm) in leads VII and VIII. The patient remains pain-free, has stopped smoking and is "trying to eat better". In addition he has begun stress management classes and engages in aerobic exercise 2-3 times a week. 


Discussion: 

This patient presented to the E.D. with classic symptoms of Wellens Syndrome. Wellens Syndrome is a characteristic, easy to identify cardiac syndrome which indicates a critical, high-grade occlusion of the left anterior descending coronary artery. If not identified, and properly treated, the mean time from onset of symptoms to wide scale anterior wall myocardial infarction is 8.5 days (Conover, 1994) 

Differential characteristics of Wellens Syndrome include... 



Progressive, symmetrical, deep T wave inversion in chest leads, especially VII and VIII. The slopes of the T waves generally are at 60-90 angles. (in very early stages the T waves in these leads may be flattened with only a tendency toward inversion) Little or NO enzyme elevation. Little or NO ST segment elevation (less than or equal to 1 mm). No loss of precordial R waves. Appropriate treatment of the patient with Wellens syndrome includes immediate cardiac catheterization, PTCA and/or CABG surgery. If a cardiac catheterization suite is not available at your facility then immediate transfer to such a facility, such as those at Florida Hospital Orlando, should be arranged. 

Wellens syndrome is one of those unique clinical opportunities where the clinician's rapid assessment and detection can directly, and very positively, impact on the patient's treatment and eventual recovery. 

If treated promptly, the patient's seemingly inevitable myocardial infarction can be avoided as well as the complications, disability and/or death that it could have otherwise brought with it. 

REFERENCE: 

Conover, M. (1994). Chapter 21, Wellens syndrome, The electrocardiograph, pp300-313, St. Louis, MO: C.V. Mosby & Co. 


Drug Therapy 


Nitrates 

They increase venous capacitance and so decrease ventricular pressures and improve subendocardial perfusion.  They also vasodilate the coronary arteries and reduce afterload. 

Sublingual nitroglycerin is repeated at five minute intervals up to three times if symptoms persist.  Onset of action is about 2 minutes and lasts 15-30 minutes.  Side effects include headache and hypotension.   

Long acting nitrates such as isosorbide dinitrate. 

Topical 2%nitroglycerin ointment onset of action is 30 minutes. 

Transdermal sustained release nitroglycerin 

Nitrate tolerance occurs with all of these preparations so a nitrate free period of about 10-12 hours should be observed daily. 

Beta adrenergic antagonists 

They raise the threshold and decrease the frequency of angina.  There are no differences between these drugs for efficacy, but other effects must be taken into consideration.  Beta 1 selective drugs(atenolol and metoprolol) have less bronchospasm and less worsening of peripheral vascular disease.  Drugs with ISA(acebutol and pindolol) may dilate peripheral vessels and have less effect on resting heart rate.  Lipid insoluble drugs(atenolol and nadolol) penetrate CNS less which may cause fewer side effects and they also have a longer duration of action.  Labetolol is used in hypertensive patients because of its additional alpha-adrenergic blockade. 

Contraindications for these drugs include bronchospasm, CHF, AV nodal block, severe PVD, and bradycardia.  Patients with decreased left ventricular function should use these drugs with caution.  They may mask hypoglycemic symptoms in a diabetic.  These drugs can cause hypotension, claudication, depression, headache, nightmares, impotence, fatigue, and decreased mental functioning.  When these drugs must be stopped patients should be monitored for sympathetic overactivity. 

Calcium channel antagonists 

Their mechanism is the inhibition of calcium ion uptake by myocytes, cardiac conductiong tissues, and vascular smooth muscle cells.  Their antianginal effects are due to decreaed peripheral vascular resistance and coronary vasodilation. They have a negative inotropic effect but in most cases this is overcome by a decrease in afterload.  They are also useful in patients with coronary vasospasm. 

Nifedipine has more arterial vasodilating and causes reflex increase in heart rate that overcomes its negative inotropic effect and so bradycardia and AV block are not a problem.  It can cause hypotension, tachycardia, and peripheral edema and these effects occur less with sustained release preparations.  It should be used with caution in patiesnts with unstable angina due to reflex tachycardia and should be given with beta blocker. 

Second generation drugs such as amlodipine and felodipine are similar to nifedipine but have less negative inotropic effect. 

Verapamil dilates arteries and slows AV conduction and has the most negative inotropic effect.  It is contraindicated in patients with CHF and AV nodal disease.  Constipiation is a common side effect. 

Diltiazem is also an arteriolar vasodilator and slow AV node and sinus node.  Due to nodal depression concomitant beta blocker use is not indicated. 

Aspirin 

Its mechanism is the inhibition of platelet function.  It is used for the prevention of cardiovascular events and is recommended in low dose daily. 
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