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The practice recommendations in this presentation are 
from the American College of Cardiology (ACC) and 
American Heart Association (AHA).

Source: ACC/AHA 2007 Guidelines for the Management of Patients with 
Unstable Angina/NonïST-Elevation Myocardial Infarction. J Am Coll 
Cardiol 2007;50:e1-e157.

Website: http://content.onlinejacc.org/cgi/content/full/50/7/e1

Strength of Evidence: The strength of evidence is indicated following 
each recommendation.

Evidence-based Recommendation



Pathophysiology, Prevalence and 

Risk of ACS

Module 1



Acronyms

Å ACS = Acute coronary syndrome

Å AMI = Acute myocardial infarction

Å BMS = Bare-metal stent 

Å CAD = Coronary artery disease

Å CABG = Coronary artery bypass graft 

Å CVA = Cerebrovascular accident 

Å CXR = Chest x-ray

Å DES = Drug-eluting stent 

Å ECG = Electrocardiogram

Å ETT = Exercise tolerance test

ÅHF = Heart failure

ÅMI = Myocardial infarction

ÅNSTEMI = Non-ST-elevation MI

ÅPCI = Percutaneous coronary 

intervention

ÅPVD = Peripheral vascular disease

ÅSTEMI = ST-elevation MI

ÅTIA = Transient ischemic attack

ÅUA = Unstable angina



Prevalence of ACS (2003)

4,497,000 ED visits for chest pain

UA/NSTEMI STEMI

1,565,000 hospitalizations for 1°or 2°diagnosis of ACS

669,000 admissions 896,000 admissions

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.

National Center for Health Statistics. 2004.



Normal Hemostasis: Vessel Wall Injury

Collagen exposed

ñPrimaryò ñSecondaryò

Tissue factor exposed

Thrombin formation

Converts fibrinogen to fibrin

Coagulation cascadePlatelets adhere and 

release factors

Platelets aggregate into 

loose plug

Reinforced platelet plug (clot)



Plaque Rupture

ÅMay occur spontaneously

ÅMay follow stressful event (exercise, emotional)

ÅMay be silent

ÅMay involve multiple sites (40% of cases)

ÅMay have variable response to thrombolytics



Triggers to Plaque Rupture

Plaque rupture

Physical stress

Inflammatory cytokines

Emotional 

stress
Vulnerable 

plaque



Endogenous Antithrombotic Mechanisms
Inactivation of clotting factors

ÅAntithrombin III

ÅProtein C / Protein S / thrombomodulin

ÅTissue factor pathway inhibitor

Lysis of fibrin clots

ÅTissue plasminogen activator

Endogenous platelet inhibition and vasodilation

ÅProstacyclin

ÅNitrous oxide



Consequences of Coronary Thrombosis
Coronary thrombus

Reprinted from Lilly LS. Pathophysiology of Heart Disease. 4th ed. Lippincott, Williams and Wilkins, 2007.

Small thrombus

(non-flow-limiting)

Partially occlusive thrombus

Occlusive thrombus

ST segment depression 

and/or T wave inversion

Transient 
ischemia

ST elevation (Q waves later)

Prolonged
ischemia

NSTEMIUnstable angina

+ Serum
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- Serum
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STEMI

+ Serum
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Causes of ACS
ÅAtherosclerosis with superimposed thrombus

ÅVasculitic syndromes

ÅCoronary emboli (e.g., from endocarditis, artificial valves)

ÅCongenital anomalies of the coronary arteries

ÅCoronary trauma or aneurysm

ÅSevere coronary artery spasm (primary or cocaine-induced)

Å Increased blood viscosity (e.g., polycythemia vera, 
thrombocytosis)

ÅSignificantly increased myocardial oxygen demand                   
(e.g., aortic stenosis)



ACS: A Clinical Spectrum

Acute Coronary Syndrome

Stable CAD

UA NSTEMI
(non-Q-wave MI)

STEMI
(Q-wave MI)

The continuum of ACS ranges from UA, through NSTEMI, to STEMI



CCS Angina Classifications

ÅClass I: No angina with ordinary activities

ÅClass II: Slight limitation >2 blocks or uphill

ÅClass III: Severe limitation <2 blocks or 1 flight of stairs

ÅClass IV: Inability to carry out any physical activities

CCS = Canadian Cardiovascular Society.

Campeau L. Can J Cardiol 2002;18:371-9.



ACS Likelihood Assessment

High

Unstable angina: diagnosis and management. Rockville MD: AHCPR and NHLBI, 1994; AHCPR Publication No. 94-0602.

Intermediate

Low

Typical angina, history of CAD/MI

CHF on exam

New ECG changes

Positive cardiac markers

No high likelihood features

Probable angina, age >70, male, diabetes

PVD or CVA

Subacute ECG abnormalities

Normal cardiac markers

No high or intermediate likelihood features

Atypical symptoms

Pain on palpation

Normal ECG

Normal cardiac markers



TIMI Scoring

Criteria Points

Age >65 1

>3 CAD risk factors 1

Known CAD 1

Aspirin use in the past week 1

Severe angina past 24 hours 1

Increased serum markers 1

ST deviation Ó0.5 mm 1

Antman EM, et al. JAMA 2000;284:835-842.

TIMI = Thrombolysis In Myocardial Infarction. 

Score Risks

0-2 Low

3-4 Moderate

5-7 High



TIMI Scoring

Reprinted from Antman EM, et al. JAMA 2000;284:835-842.

Rates of all-cause mortality, 

MI and severe recurrent 

ischemia prompting urgent 

revascularization through 

14 days after randomization.
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GRACE Scoring System

ÅDatabase of ACS patients started in 1999
- 30 countries

- 247 hospitals

- 102,341 patients

- 118 abstracts

- 88 manuscripts

GRACE = Global Registry of Acute Coronary Events.

Reprinted from Center for Outcomes Research, University of Massachusetts Medical School.

http://www.OUTCOMES-UMASSMED.ORG/GRACE/index.cfm



GRACE Outcomes
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Reprinted from Center for Outcomes Research, University of Massachusetts Medical School.

http://www.OUTCOMES-UMASSMED.ORG/GRACE/index.cfm



STEMI NSTEMI

Age (years) HR 95% CI HR 95% CI

65-74 3.48 2.00-6.06 2.17 1.27-3.72

Ó75 8.95 5.28-15.20 5.30 3.19-8.80

Medical history

HF 2.21 1.61-3.04 2.20 1.71-2.84

MI 1.69 1.28-2.22

TIA/Stroke 1.37 1.03-1.84

Hospital complications

Cardiogenic shock 1.94 1.20-3.15

HF 2.16 1.65-2.83 1.91 1.49-2.44

Stroke 2.51 1.32-4.78

Risk Factors for Post-discharge Death

GRACE Outcomes

Reprinted from Center for Outcomes Research, University of Massachusetts Medical School.

http://www.OUTCOMES-UMASSMED.ORG/GRACE/index.cfm



Reprinted from Center for Outcomes Research, University of Massachusetts Medical School.

http://www.OUTCOMES-UMASSMED.ORG/GRACE/index.cfm

Age (years) HR 95% CI

55-64 3.34 1.18-6.19

65-74 5.29 2.88-9.72

Medical history

HF 2.23 1.61-3.08

MI 1.44 1.09-1.91

PCI 0.52 0.35-0.77

Hospital complications

Cardiogenic shock 4.01 1.73-9.28

HF 1.67 1.17-2.37

Risk Factors for Post-discharge Death in Patients with UA

GRACE Outcomes



GRACE Risk Model Tools
At Admission At Discharge

Reprinted from Center for Outcomes Research, University of Massachusetts Medical School.

http://www.OUTCOMES-UMASSMED.ORG/GRACE/index.cfm



Recommendation #1: Primary care providers should evaluate the 
presence and control of major risk factors for CHD in all patients at 
regular intervals (approximately every 3 to 5 years). (1C)

Evidence-based Recommendation

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Recommendation #2: Patients with symptoms of ACS (chest 
discomfort with or without radiation to the arm[s], back, neck, jaw or 
epigastrium; shortness of breath; weakness; diaphoresis; nausea; 
lightheadedness) should be instructed to call 9-1-1 and should be 
transported to the hospital by ambulance rather than by friends or 
relatives. (1B)

Evidence-based Recommendation

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Recommendation #3: Health care providers should actively 
address the following issues regarding ACS with patients with or at 
risk for CHD and their families or caregivers:

Evidence-based Recommendation

ÅPatientôs heart attack risk (1C)

ÅHow to recognize symptoms of ACS (1C)

ÅAdvisability of calling 9-1-1 if symptoms are unimproved or worsening after 5 

minutes, despite feelings of uncertainty about the symptoms and fear of 

potential embarrassment (1C)

ÅA plan for appropriate recognition and response to a potential acute cardiac 

event, including the phone number to access EMS, generally 9-1-1 (1C)

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Diagnosing ACS

Module 2



Four Components of Chest Pain History

ÅQuality
- Dull, heavy, crushing, pressure, not sharp

ÅLocation
- Central radiating to jaw, left arm, back, shoulder

ÅProvoking factors
- Physical exertion or stress

ÅRelieving factors
- Rest or nitroglycerin

- Does not change with position and lasts minutes not days



Acute MI Symptoms

Pain Sympathetic

ÅPressure

ÅBurning (hot)

ÅChest/arms/jaw/back

ÅSweats

ÅTachycardia

ÅCool, clammy skin

Parasympathetic Inflammatory

ÅNausea

ÅVomiting

ÅWeak

ÅMild fever

Other

ÅDyspnea ÅAsymptomatic



Physical Findings

ÅBlood pressure
- Often increase anterior MI

- Often decrease inferior MI

ÅHeart rate
- Often increase anterior MI

- Often decrease inferior MI

ÅRight atrial pressure
- Increase in right ventricular MI



Differential Diagnosis of Acute Chest Pain

High risk

Pericarditis

Myocarditis

Aortic dissection

CHF

Pneumonia

Pneumothorax

Pulmonary embolism

Pleural effusion

Low risk

Gastroesophageal reflux disease

Dyspepsia

Intercostal spasm

Costochondritis

Cardiac anxiety



DDx Chest Pain: Cardiac

ÅPericarditis
- Sharp, pleuritic pain

- Patient prefers to sit

- Friction rub

- ECG diffuse ST elevation

ÅAortic dissection
- Instantaneous onset of severe pain

- Pulse deficits or aortic insufficiency

- Wide mediastinum (CXR)



DDx Chest Pain: Pulmonary

ÅPulmonary embolus
- Pleuritic pain

- Dyspnea

- Reason for clotting

ÅPneumonia
- Cough, sputum, fever

- Consolidation changes (CXR)



DDx Chest Pain: Gastrointestinal

ÅEsophageal spasm
- Restrosternal burning (acid)

- After meals or at night



Diagnosis of ACS

Unstable

angina

Myocardial infarction

NSTEMI STEMI

Typical 

symptoms

Crescendo, rest or 

new onset severe 

angina

Prolonged ñcrushingò chest pain, more 

severe and wider radiation than usual 

angina

Serum 

biomarkers

No Yes

ECG initial 

findings

ST depression 

and/or T-wave 

inversion

ST depression 

and/or T-wave 

inversion

ST elevation (and 

Q waves later)



ECG Progression

Q-wave Myocardial Infarction

Normal Acute Hours Day 1-2 Days

later

Weeks

later

Å ST elevationÅ ST elevation

Å Ź R wave

Å Q wave 
begins

Å T wave inversion

Å Q wave deeper

Å ST normalizes

Å T wave inverted
Å ST & T normal

Å Q wave persists



ECG Progression

Non-wave Myocardial Infarction

Normal

Acute

Weeks

later

Å ST depression

Å T wave inversion

Å ST & T normal

Å No Q waves

or



Serum Markers of MI

ÅMyocardial necrosis causes sarcolemma disruption

ÅIntracellular macromolecules are released

ÅCan be measured by serial blood testing

ÅPattern / level of rise correlates with timing / size of MI



Cardiac-Specific Troponins

ÅRegulatory protein controlling interaction between actin 
and myosin

Å3 subunits: C, I, T

ÅUnique cardiac troponins (I, T) exist, absent in serum of 
the healthy

ÅPowerful marker of myocyte damage



Cardiac-Specific Troponins (cont.)

ÅRise 3-4 hours post MI; peak 18-36 hours; decline 
slowly 10-14 days

Troponin Levels (ng/mL)

Normal High risk Acute

<0.1 0.1-0.5 >0.5



Cardiac Troponin I and Mortality

Mortality at 42 days (%)

7.5

6.0

3.7

3.4

1.7

1.0

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Creatinine Kinase (CK)

ÅEnzyme that converts ADP to ATP

ÅFound in many tissues: heart, brain, skeletal muscle, 
kidney, etc.

ÅCan be elevated after injury to any of these tissues

Å3 isoenzymes:
- CK-MM

- CK-MB

- CK-BB



CK-MB

ÅMakes up 1ï3% of skeletal CK

ÅMakes up a much higher % of cardiac CK

ÅRises 4ï8 hours after MI, peaks by 24 hours

ÅReturns to normal in 48ï72 hours



Cardiac Enzyme Response

Reprinted from Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.
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Recommendation #4: A 12-lead ECG should be performed and 
shown to an experienced emergency physician as soon as possible 
after ED arrival, with a goal of within 10 minutes of ED arrival for all 
patients with chest discomfort (or anginal equivalent) or other 
symptoms suggestive of ACS. (1B)

Evidence-based Recommendation

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Recommendation #5: If the initial ECG is not diagnostic but the 
patient remains symptomatic and there is high clinical suspicion for 
ACS, serial ECGs, initially at 15- to 30-minute intervals, should be 
performed to detect the potential for development of ST-segment 
elevation or depression. (1B)

Evidence-based Recommendation

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Recommendation #6: A cardiac-specific troponin is the preferred 
marker, and if available, it should be measured in all patients who 
present with chest discomfort consistent with ACS. (1B)

Evidence-based Recommendation

Anderson JL, et al. J Am Coll Cardiol 2007;50:e1-e157.



Acute Care for ACS

Module 3



Management Strategies in ACS

Reprinted from Lilly LS. Pathophysiology of 

Heart Disease 2007;184.

Symptoms of ACS

Reperfusion approach

1. Aspirin

2. Heparin (UFH or LMWH)

3. Clopidogrel

4. Choose reperfusion 

method:

a. Fibrinolytic drug

b. Primary PCI

ÅWith GP IIb/IIIa inhibitor

All patients

1.Anti-ischemic medication method:

ÅBeta blocker

ÅNitrates

Å+/- Ca++ channel blocker

2.General measures

ÅOxygen

ÅPain control (morphine)

3.Additional therapies

ÅACE inhibitor

ÅStatin

Antithrombotic approach

1. Aspirin

2. Heparin (UFH or LMWH)

3. Clopidogrel

4. For high risk patients:

a. GP IIb/IIIa inhibitor

b. Proceed to cardiac cath

ECGST elevation

(STEMI)

No ST elevation

(UA/NSTEMI)


