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SEVEN MILLION PEOPLE ARE DIAGNOSED
with coronary artery disease each year, yet this
condition is underdiagnosed.1 Many patients, par-
ticularly women, do not have any classic symptoms
to suggest that they have coronary artery disease.
Over 500,000 deaths each year are due to coronary
heart disease.1  One person dies every minute of
every day from coronary artery disease. Close to
1.5 million hospitalizations from myocardial infarc-
tion take place every year.1 The estimated cost to
care for patients with coronary heart disease is $60
billion a year.1

Atherosclerosis is a disease of the blood vessel
with deposition of lipids within the vessel wall.ACS
occurs when an atherosclerotic plaque ruptures and
disrupts blood flow in the coronary vessels. The
diagnosis of acute coronary syndrome is extraordi-
narily prevalent. Over 2 million patients a year are
admitted to the cardiac care units of this country
with acute coronary syndrome.1

When an atherosclerotic plaque ruptures, the con-
tents leak out and the body’s natural response is to
reseal the plaque. There is a cascade of events that
lead to protecting this disrupted plaque cap. Because
this is not a big area, occlusion of the vessel with a

blood clot and material from the plaque occurs.
Exhibit 1 illustrates the cascade of events with ACS
that ultimately leads to thrombus formation that
occludes the artery.

The key variable that predicts whether or not one
plaque will lead to an acute coronary syndrome is
the amount of the lipid core. Other factors are a
low amount of smooth muscle cells covering the
plaque, a thin fibrous cap over the plaque, and a
high content of inflammatory cells like
macrophages in the lipid core.2 Mild to moderate
plaques, which comprise 20-30 percent of the total
plaques in a typical patient, have the highest ten-
dency to rupture and cause ACS (Exhibit 2).
Different imaging modalities are being utilized
every day to find variables that would increase
understanding of how significant any given plaque
is in its contribution to the risk of ACS.

There are two major types of ACS presentation.
One is an ST-segment elevation on electrocardio-
gram indicating a myocardial infarction (STEMI).
About 600,000 hospital admissions occur every year
for STEMI.Another group of patients will have non-
ST-segment elevation ACS that indicates either
unstable angina (UA) or a non-ST elevation myocar-
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Summary
One of the most powerful manifestations of atherosclerosis is acute coronary

syndrome. Acute coronary syndrome (ACS) is an endpoint of atherosclerosis,
which results in limited blood flow to the heart muscle resulting in symptoms
(i.e., chest pain) and/or hemodynamic decompensation. Acute coronary syn-
drome requires early recognition and aggressive intervention. A combination of
surgical interventions and pharmacologic therapy is used to reopen obstructed
coronary vessels and decrease morbidity and mortality related to ACS.

Key Points
• ACS is a frequent and costly cause of hospital admissions.
• ACS results in significant morbidity and mortality.
• Aggressive early detection and intervention are the hallmarks that predict
good outcome in the patients with ACS. 
• Revascularization in a patient with ACS reduces hospital mortality by one third.
• Combinations of antiplatelet agents, certain beta-blockers, statins, ACE
inhibitors, and other medications are all used to decrease morbidity and mortal-
ity after an episode of ACS.
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dial infarction (NSTEMI).This type of presentation
accounts for about one and a half million admissions
per year.

The diagnostic tools outside of symptoms that
are most commonly used in the ACS setting are
the electrocardiogram and laboratory testing.
Troponin assays are a laboratory marker used to
diagnose ACS. Troponin, a protein leaked from
damaged myocytes, increases in the blood around
the time of ACS.The greater the degree of eleva-
tion in troponin, the higher the mortality rate in
the patient.3 The degree of troponin elevation also
indicates how quickly decisions about therapy
must be made. In some cases, levels of creatine
phosphokinase (CPK) are also used for diagnosis
and to predict rates of mortality in the short and
long term.

Patients who are admitted to a hospital with ACS
may be risk-stratified according to the Thrombolysis
in Myocardial Infarction (TIMI) risk score.There are

TIMI risk scoring systems for STEMI and NSTE-
MI/UA.The higher the risk score, the higher the 30-
day mortality rate. Risk scores can also be used to
identify the need for early intervention. High-risk
patients will need more aggressive and early inter-
vention. Exhibit 3 lists the independent factors that
comprise the NSTEMI/UA TIMI risk score.

There are data demonstrating that an aggressive
approach is better for the individual who is suffering
from acute coronary syndrome (Exhibit 4). Of all
the different trials that have looked at the ACS pop-
ulation, only one has demonstrated some success
with the conservative approach. All the other trials
have clearly shown, with several thousand patients,
that early aggressive intervention such as catheteri-
zations and coronary vessel stenting works and
improves survival.

The aggressive strategy of catheterization and
stenting are not all that is necessary.There are many
other modes of pharmacologic therapy that will also
help sustain the improved survival that we see in
patients who undergo coronary angiograms.

Exhibit 3: TIMI risk score for UA/NSTEMI -
7 independent predictors3

• Age > 65 years

• > 3 CAD Risk Factors (  chol, FHx, HTN, DM, smoking)

• Prior CAD (cath stenosis >50%)

• ASA in last 7 days

• > 2 anginal events < 24 hours

• ST deviation

• Elevated cardiac markers (CK-MB or troponin)

UA, unstable angina; NSTEMI, non-ST segment elevation myocardial
infarction; CAD, coronary artery disease; chol, cholesterol; FHx, family history;
HTN, hypertension; DM, diabetes mellitus; ASA, aspirin; CK-MB, creatinine
kinase – myocardial band

Exhibit 2: Plaque Rupture of Lipid-Rich Plaques

Mild-to-Moderate Lesions that Rupture are the
Most Common Cause of Cardiac Events
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Exhibit 1: Acute Coronary Thrombosis
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Exhibit 4:

VANQWISH, Veterans Affairs Non-Q-Wave Myocardial Infarction Strategies In-
Hospital; MATE; TIMI, Thrombolysis in Myocardial Infarction; ISAR-COOL,
Evaluation of Prolonged Antithrombotic Pretreatment ("cooling-off" strategy);
RITA, Randomized Intervention Trial of Unstable Angina; TRUCS, Treatment of
Refractory Unstable Coronary Syndrome ; VINO, Value of First Day
Angiography; TACTICS, Treat Angina with Aggrastat and Determine Cost of
Therapy with an Invasive or Conservative Strategy; FRISC, Fast
Revascularization During Instability in Coronary Artery Disease

# Pts:    920 1674 7018

VANQWISH

Conservative Invasive

TIMI IIIB

MATE

ISAR-COOL

VINO

TACTICS-
TIMI 18

FRISC II

RITA-3

TRUCS



18 Journal of Managed Care Medicine    | Vol. 10, No. 2    | www.namcp.org

Aspirin therapy is one of these interventions.
Sustained aspirin therapy reduces the risk of a subse-
quent event 45 and 70 percent.5,6 There are data to
suggest that even if a patient has never had an acute
coronary syndrome, they should be on aspirin,
depending on their age, gender and other risk fac-
tors, to prevent a first episode of ACS.

In recent years, other anti-platelet agents have
become available. In the CURE study, clopidogrel
(Plavix®) plus aspirin prevented recurrent events in
patients who had ACS better than aspirin alone.The
combination provided a 20 percent relative risk
reduction in cardiovascular events.7 The risk of
bleeding does increase when antiplatelet agents are
combined. In this particular study, only the risk of

minor bleeding was statistically higher in the clopi-
dogrel plus aspirin group.

There are other platelet inhibitors that are only
available for intravenous use. They are known as the
GP IIb/IIIa inhibitors, which have a different mech-
anism of action than aspirin or clopidogrel.Three are
currently marketed – eptifibatide (Integrilin®),
tirofiban (Aggrastat®) and abciximab (Repro®).These
GP IIb/IIIa inhibitors work to limit platelet aggre-
gation in the ACS setting.

The GP IIb/IIIa inhibitors are an additional
therapy, which makes a difference in the patient’s
mortality and morbidity. For example, eptifibatide
given prior to percutaneous revascularization
reduced the incidence of death or MI within 30
days of an episode of ACS by 5.5 percent.8 The
odds ratio for reducing the risk of another MI or
death is overwhelmingly in favor of using the GP
IIb/IIIa inhibitor in addition to other interven-
tions (Exhibit 5).9

The current treatment paradigm for ACS is shown
in Exhibit 6. If a patient were determined to be
high risk by the factors listed in the slide, they would
be a candidate to receive a GP IIb/IIIa inhibitor in
addition to standard therapy of aspirin, heparin,
clopidogrel, beta-blockers, and nitrates. Ultimately,
these patients are also the ones who need to get to
the catheterization laboratory as soon as possible. A
conservative strategy is used to manage patients
without markers for increased risk. Patients who
have had an MI are also started on an angiotension
converting enzyme (ACE) inhibitor and statin ther-
apy.The role of these agents within the first twenty-
four hours of an MI has been well established.5,6

Exhibit 5: Odds Ratio Plot for Death/Re-MI in Patients
Receiving GP IIb-IIIa Inhibitor Therapy

Trials of GP IIb-IIIa Inhibitors (n=32,735)

GP IIb-IIIa Inhibitor better Placebo better

P < 0.0000000011356

0.5                                      1.0 2

Risk ratio & 95% confidence interval
for death or MI at 30 days

Topol EJ. Circulation. 1998:97:211-218

Exhibit 6: Evidence-Based Strategy for Patients With Recent Myocardial Infarction
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Twenty four hours after presenting with an MI,
patients will have their heart function measured to
determine if they have suffered significant enough
injury to their myocardium that they have
depressed systolic function (i.e., an ejection frac-
tion less than forty percent). In patients whose
ejection fractions are forty percent or greater, the
role of anti-platelet agents, ACE inhibitors and
statins is well studied. The use of beta-blockers,
though commonly prescribed, is poorly supported
by the data.The need for beta-blockers post-MI in
the face of an ejection fraction greater than 40 per-
cent is a matter of debate.

For patients with ejection fractions less than 40
percent, the standard therapy is determined based on
whether the patient is symptomatic or asymptomat-
ic.Anti-platelet agents,ACE inhibitors and statins are
standard therapy for asymptomatic patients. Only
one beta-blocker, carvedilol (Coreg®), has been stud-
ied in this patient population. It appears to improve
survival in this type of patient. The symptomatic
patient, whose ejection fraction is less than forty per-
cent, should receive anti-platelet, carvedilol, ACE
inhibitor, and statin therapy in order to improve
post-MI survival. One additional medication,
eplerenone (Inspra®), has been shown to improve
morbidity and mortality when added to these other
therapies in patients who have heart failure and a
reduced ejection fraction after an MI.

There are several revascularization strategies to
restore adequate blood flow to the heart in the
face of significant atherosclerosis and ACS. These
include the placement of stents in the coronary
arteries, angioplasty, and thrombolytic therapy.
Thrombolytics include alteplase (Activase®),
reteplase (Retevase®), and tenecteplase (TNKase®).
These agents dissolve the blood clots, which are
causing artery occlusion in ACS.

One interesting finding with thrombolytics is there
is a ceiling of benefit. Not all patients get a sustained
benefit because of hemorrhage. Hemorrhage with
thrombolytics is not just a stroke.The plaque inside
the arteries is susceptible to hemorrhage. Bleeding
within the plaque structure will cause an expansion
of the plaque itself and further disruption of the
coronary artery blood flow.

In addition to hemorrhage, there are other limita-
tions with thrombolysis.With thrombolytic therapy,
20 percent of the patients’ artery remains closed.10

Five to 10 percent of patients will re-occlude within
twenty-four hours of their presentation.11,12 Re-
infarction occurs in about 5 percent of patients.13

Each of these events decreases the benefits of throm-
bolysis on mortality.

When balancing which strategies to use that
may make a difference in these ACS patients long-
term, it is now being recognized that despite the
fact that thrombolytic therapy reduces mortality,
is well studied, and is widely available, aggressive
interventional options lower mortality, define the
coronary anatomy to its fullest, and avoid the one
reason why a plateau is reached with thrombolyt-
ics - hemorrhage (Exhibit 7).14 Thrombolytics are
a good therapy option when emergent angioplas-
ty is not available, but patients should not receive
this therapy because it is “easier,” rather than try-
ing to get them to a cardiac catheterization suite,
where they can have aggressive, definitive revascu-
larization. Thrombolytic therapy is not used in
NSTEMI because it has been shown to actually
be harmful.

The key determinant to impacting morbidity
and mortality for a person who has ACS is how
quickly they receive cardiac catheterization to
reopen the blocked artery.The threshold for major
mortality benefit is ninety minutes from the time
the patient walks in the door.15 Once two hours
passes, there is a marked increase in mortality
because more muscle cells have been allowed to
die resulting in greater impairment of systolic
heart function. Aggressive and rapid catheteriza-
tion of high-risk patients with ACS makes a sig-
nificant difference in hospital mortality. If a patient
does not get appropriate blood flow to the coro-
nary artery reestablished, the hospital mortality is
18.5 percent.16 Reestablishment of blood flow
results in 6.6 percent mortality.16 Revascularization
of the patient and the in hospital mortality is one
third less.

Conclusion
The morbidity and mortality in patients with ACS

is extraordinarily high. Using different clinical prog-

Exhibit 7:

Fibrinolysis

• Reduces mortality

• Well studied

• Widely available

Primary PTCA

• Lower mortality

• Anatomic definition

• Avoids hemorrhage



20 Journal of Managed Care Medicine    | Vol. 10, No. 2    | www.namcp.org

nostic and diagnostic parameters can help make early
diagnosis, which is critical if morbidity and mortali-
ty are to be impacted. Aggressive evidence based
medical and revascularization strategies are absolute-
ly essential to maximally decrease morbidity and
mortality from ACS. JMCM

Binoy K. Singh, MD, FACC is assistant professor of medicine at the
Center for Interventional Vascular Therapy, Columbia University Medical
Center, Columbia University of Physicians and Surgeons.

References
1. American Heart Association. 2006 Heart and Stroke Statistical Update. Dallas,

TX:American Heart Association. 2006.Available at www.americanheart.org.

2. Davies MJ. Stability and instability: two faces of coronary atherosclerosis.The Paul

Dudley White Lecture 1995. Circulation. 1996;94:2013-20.

3. Antman EM. Decision making with cardiac troponin tests. N Engl J Med.

2002;346:2079-82.

4.Antman EM, Cohen M, Bernink PJ, et al.The TIMI risk score for unstable angi-

na/non-ST elevation MI: A method for prognostication and therapeutic decision

making. JAMA. 2000;284:835-42.

5. American College of Cardiology/American Heart Association Task Force on

Practice Guidelines. ACC/AHA 2002 Guideline Update for the Management of

Patients With Unstable Angina and Non-ST-Segment Elevation Myocardial

Infarction.Available at www.acc.org.Accessed February 8, 2007.

6. American College of Cardiology/American Heart Association Task Force on

Practice Guidelines. AHA Guidelines for the Management of Patients With

ST-Elevation Myocardial Infarction available at www.acc.org. Accessed

February 8, 2007.

7.Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to aspirin in

patients with acute coronary syndromes without ST-segment elevation. N Engl J

Med 2001;345:494-502.

8. Curran MP, Keating GM. Eptifibatide: a review of its use in patients with acute

coronary syndromes and/or undergoing percutaneous coronary intervention.

Drugs. 2005;65:2009-35.

9. Topol EJ. Toward a new frontier in myocardial reperfusion therapy: emerging

platelet preeminence. Circulation. 1998;97:211-8.

10.The GUSTO Angiographic Investigators.The effects of tissue plasminogen acti-

vator, streptokinase, or both on coronary-artery patency, ventricular function, and

survival after acute myocardial infarction. N Engl J Med. 1993;329:1615-22.

11. Ohman EM, Califf RM,Topol EJ, et al. Consequences of reocclusion after suc-

cessful reperfusion therapy in acute myocardial infarction. TAMI Study Group.

Circulation. 1990;82:781-91.

12. Ross AM, Molhoek P, Lundergan C, et al. Randomized comparison of enoxa-

parin, a low-molecular-weight heparin, with unfractionated heparin adjunctive to

recombinant tissue plasminogen activator thrombolysis and aspirin: second trial of

Heparin and Aspirin Reperfusion Therapy (HART II). Circulation. 2001;104:648-

52.

13. Mueller HS, Forman SA, Menegus MA, et al. Prognostic significance of nonfa-

tal reinfarction during 3-year follow-up: results of the Thrombolysis in Myocardial

Infarction (TIMI) phase II clinical trial.The TIMI Investigators. J Am Coll Cardiol.

1995;26:900-7.

14. Herrmann HC.Triple therapy for acute myocardial infarction: combining fib-

rinolysis, platelet IIb/IIIa inhibition, and percutaneous coronary intervention. Am J

Cardiol. 2000;85:10C-6C. [Page numbering is correct per pubmed]

15. Cannon CP, Gibson CM, Lambrew CT, et al. Relationship of symptom-onset-

to-balloon time and door-to-balloon time with mortality in patients undergoing

angioplasty for acute myocardial infarction. JAMA. 2000;283:2941-7.

16.Wiviott SD, Morrow DA, Frederick PD, et al. Performance of the thrombolysis

in myocardial infarction risk index in the National Registry of Myocardial

Infarction-3 and -4: a simple index that predicts mortality in ST-segment elevation

myocardial infarction. J Am Coll Cardiol. 2004;44:783-9.

For information, look at our website, www.namcp.org, 
or contact Jeremy Williams at 804-527-1905, 

jwilliams@namcp.org

NAMCP announces:
THE HEALTH MANAGEMENT INSTITUTE

Center for Preventive Health Maintenance
Center for Continuity of Care

With two centers:




