










higher in the PCI group than in the CABG group for both
subsequent CABG (7.8% vs. 0.3%) and subsequent PCI
(27.3% vs. 4.6%). In contrast, the randomized trials of
multivessel disease have shown no differences in patients
without diabetes. These disparate results could be due to
adverse selection biases for PCI. On the other hand, the
registry is very large and included a broad range of angio-
graphic characteristics not included in the randomized trials.
Consistently, however, the location of a coronary stenosis in
the LAD, especially if severe and proximal, is a characteristic
associated with higher mortality rates and with a favorable
outcome with CABG.

The BARI and CABRI randomized trials appeared to
identify a subset of diabetic patients who had a better
outcome with CABG than with PTCA, a finding not observed
in earlier cohort studies609,610,612 but confirmed in a more
recent cohort study that exclusively used stents in the PCI
group.614 Analysis of the subgroup with diabetes was retro-
spective in both the BARI and CABRI trials. Moreover, the
treatment-related effect was not reproduced in the BARI
registry population.615 A reasonable explanation for these
inconsistent results is that physicians might be able to
recognize characteristics of CAD in diabetic patients that
permit patients to more safely undergo one or the other
revascularization therapy. However, when all patients with
diabetes are randomly assigned to therapies without the added
insight of clinical judgment, a treatment advantage is appar-
ent for CABG. Given the combination of data derived from
randomized trials and more recent cohort studies comparing
PCI using stents with CABG, it is reasonable to consider
CABG as the preferred revascularization strategy for most
patients with 3-vessel disease, especially if it involves the
proximal LAD, and for patients with multivessel disease
and treated diabetes mellitus or LV dysfunction. Alterna-
tively, it would be unwise to deny the advantages of PCI to
a patient with diabetes and less severe coronary disease on
the basis of the current information. In addition, the use of
GP IIb/IIIa inhibitors together with PCI for UA/NSTEMI
in recent years appears to have resulted in more favorable
outcomes.133,616

An important consideration in a comparison of different
revascularization strategies is that none of the large ran-
domized trials reflect the current practice of interventional
cardiology that includes the routine use of stents, with an
increasing use of DES, and the increasing use of platelet
receptor inhibitors. Coronary stenting improves procedural
safety, and DES reduce restenosis compared with PTCA or
bare-metal stents. The adjuvant use of platelet inhibitors,
particularly in high-risk patients, is also associated with
improved short- and intermediate-term outcomes. Al-
though the effects of DES and platelet GP IIb/IIIa inhibi-
tors could have improved the PCI results observed, their
added benefit relative to CABG cannot be assumed or
assessed on the basis of the previously reported random-
ized trials or large registries. Meanwhile, refinement of
surgical management with right internal mammary artery
grafts, radial artery grafts, improved myocardial protection
strategies, and less invasive methodology could have
reduced the morbidity and mortality rates for CABG. In

fact, the risk-adjusted mortality for CABG has declined
progressively during the last decade based on data derived
from the STS National Adult Cardiac Database.617

The most recent comparisons of PCI and CABG surgery,
relevant to current medical practice, can be summarized as
follows: In a randomized study of patients with medically
refractory myocardial ischemia at high risk of adverse
outcomes of CABG surgery (the Angina With Extremely
Serious Operative Mortality Evaluation [AWESOME]
trial), there was comparable survival with traditional
CABG surgery and PCI, which included stenting or
atherectomy.618 A meta-analysis of CABG versus stenting
for the treatment of multivessel disease619 included pa-
tients in the randomized trials Arterial Revascularization
Therapy Study (ARTS), Stent or Surgery (SoS), Estudio
Randomizado Argentino de Angioplastia vs. CIrugia-II
(ERACI-II), and Multicenter Anti Atherosclerotic Study-II
(MASS-II).620 – 624 ERACI-II included a cohort in which
92% of the patients had UA; patients in the SoS study did
not have apparent recent acute events; patients in MASS-II
had stable angina and preserved ventricular function; and
those in ARTS (with 5-year follow-up data) were not
specifically described. However, these trials, which en-
rolled patients between 1995 and 2000 and primarily used
traditional on-pump CABG surgery and PCI with bare-
metal stents, showed no difference in the primary compos-
ite end point of death, MI, and stroke and no difference in
mortality between the CABG and the stent groups. The
ARTS trial, which included but was not limited to patients
with UA, randomized patients with multivessel disease to
coronary stenting versus CABG. Three-year survival rates
without stroke and MI were identical in both groups.

Nevertheless, evolutionary changes in revascularization
therapy require randomized trials that incorporate the most
contemporary therapies. Off-pump CABG and PCI with DES
are 2 examples. Indeed, not all evolutionary changes in
therapy have shown net incremental clinical benefits. Ran-
domized trial data suggest that coronary graft patency rates
are somewhat lower with off-pump CABG.625 The use of
DES has not decreased the occurrence of death or MI
compared with bare-metal stents, and DES are subject to a
small increase in the rate of late (greater than 6-month,
off-dual-platelet antagonism) stent thrombotic complications
and thrombosis-related clinical events.399,400,402,403,411,626 Fur-
ther complicating the picture, ASA and clopidogrel and other
medical therapies are increasingly utilized in patients after
CABG,627 which makes comparisons of medical, PCI, and
surgical therapy challenging. The requirement for long-term
follow-up and the need for adequate statistical power add to
the difficulty in defining the unique benefits of each of the
available forms of therapy separately. In summary, it cannot
be assumed that all evolutionary changes in these therapies
will have a beneficial impact on long-term outcomes, and
clinical judgment in treatment selection for individual pa-
tients and a conservative approach to new therapies are
indicated.

4.5. Conclusions
In general, the indications for PCI and CABG in UA/
NSTEMI are similar to those for stable angina.628 – 633
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High-risk patients with LV systolic dysfunction, patients
with diabetes mellitus, and those with 2-vessel disease
with severe proximal LAD involvement or severe 3-vessel
or left main disease should be considered for CABG (Fig.
20). Many other patients will have less severe CAD that
does not put them at high risk for cardiac death. However,
even less severe disease can have a substantial negative
impact on the quality of life. Compared with high-risk
patients, low-risk patients will have negligibly increased
chances of long-term survival with CABG (or PCI) and
therefore should be managed medically. However, in
low-risk patients, quality of life and patient preferences
may be considered in addition to strict clinical outcomes in
the selection of a treatment strategy. Low-risk patients
whose symptoms do not respond well to maximal medical
therapy and who experience a significant negative impact
on their quality of life and functional status should be
considered for revascularization. Patients in this group
who are unwilling to accept the increased short-term
procedural risks to gain long-term benefits or who are
satisfied with their existing capabilities should be managed
medically at first and followed up carefully as outpatients.
Other patients who are willing to accept the risks of
revascularization and who want to improve their functional
status or to decrease symptoms may be considered appro-
priate candidates for early revascularization.

5. Late Hospital Care, Hospital Discharge,
and Post-Hospital Discharge Care

The acute phase of UA/NSTEMI is usually over within 2
months. The risk of progression to MI or the development of
recurrent MI or death is highest during that period. At 1 to 3
months after the acute phase, most patients resume a clinical
course similar to that in patients with chronic stable coronary
disease.

The broad goals during the hospital discharge phase are
2-fold: 1) to prepare the patient for normal activities to the
extent possible and 2) to use the acute event as an
opportunity to reevaluate the plan of care, particularly
lifestyle and risk factor modification. Aggressive risk
factor modifications that can prolong survival should be
the main goals of long-term management of stable CAD.
Patients who have undergone successful PCI with an
uncomplicated course are usually discharged the next day,
and patients who undergo uncomplicated CABG are gen-
erally discharged 4 to 7 d after CABG. Medical manage-
ment of low-risk patients after noninvasive stress testing
and coronary angiography can typically be accomplished
rapidly, with discharge soon after testing. Medical man-
agement of a high-risk group of patients who are unsuit-
able for or unwilling to undergo revascularization could
require vigilant inpatient monitoring in order to achieve
adequate ischemic symptom control with medical therapy
that will minimize future morbidity and mortality and
improve quality of life.

5.1. Medical Regimen and Use of Medications

Recommendations

Class I
1. Medications required in the hospital to control ische-

mia should be continued after hospital discharge in
patients with UA/NSTEMI who do not undergo coro-
nary revascularization, patients with unsuccessful re-
vascularization, and patients with recurrent symptoms
after revascularization. Upward or downward titration
of the doses may be required. (Level of Evidence: C)

2. All post-UA/NSTEMI patients should be given sublingual
or spray NTG and instructed in its use. (Level of Evi-
dence: C)

3. Before hospital discharge, patients with UA/NSTEMI
should be informed about symptoms of worsening
myocardial ischemia and MI and should be instructed
in how and when to seek emergency care and assis-
tance if such symptoms occur. (Level of Evidence: C)

4. Before hospital discharge, post-UA/NSTEMI patients
and/or designated responsible caregivers should be
provided with supportable, easily understood, and
culturally sensitive instructions with respect to medi-
cation type, purpose, dose, frequency, and pertinent
side effects. (Level of Evidence: C)

5. In post-UA/NSTEMI patients, anginal discomfort last-
ing more than 2 or 3 min should prompt the patient to
discontinue physical activity or remove himself or
herself from any stressful event. If pain does not
subside immediately, the patient should be instructed
to take 1 dose of NTG sublingually. If the chest
discomfort/pain is unimproved or worsening 5 min
after 1 NTG dose has been taken, it is recommended
that the patient or a family member/friend call 9-1-1
immediately to access EMS. While activating EMS
access, additional NTG (at 5-min intervals 2 times)
may be taken while lying down or sitting. (Level of
Evidence: C)

6. If the pattern or severity of anginal symptoms changes,
which suggests worsening myocardial ischemia (e.g., pain
is more frequent or severe or is precipitated by less effort
or now occurs at rest), the patient should contact his or
her physician without delay to assess the need for addi-
tional treatment or testing. (Level of Evidence: C)

In most cases, the inpatient anti-ischemic medical regi-
men used in the nonintensive phase (other than intravenous
NTG) should be continued after discharge, and the anti-
platelet/anticoagulant medications should be changed to an
outpatient regimen. The goals for continued medical ther-
apy after discharge relate to potential prognostic benefits
(primarily shown for antiplatelet agents, beta blockers,
low-density cholesterol (LDL-C)-lowering agents, and in-
hibitors of the renin-angiotensin aldosterone system, espe-
cially for ejection fraction of 0.40 or less), control of
ischemic symptoms (nitrates, beta blockers, and CCBs),
and treatment of major risk factors such as hypertension,
smoking, dyslipidemia, physical inactivity, and diabetes
mellitus (see Section 5.2). Thus, the selection of a medical

e512 Circulation May 10, 2011

 by guest on M
ay 29, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


regimen is individualized to the specific needs of each
patient based on the in-hospital findings and events, the
risk factors for CAD, drug tolerability, and recent proce-
dural interventions. The mnemonic ABCDE (Aspirin, an-
tianginals, and ACE inhibitors; Beta blockers and blood
pressure; Cholesterol and cigarettes; Diet and diabetes;
Education and exercise) has been found to be useful in
guiding treatment.4,634

An effort by the entire multidisciplinary team with special
skills (physicians, nurses, dietitians, pharmacists, rehabilita-
tion specialists, care managers, and physical and occupational
therapists) is often necessary to prepare the patient for
discharge. Both the patient and family should receive instruc-
tions about what to do if ischemic symptoms occur in the
future.74 Face-to-face patient instruction is important and
should be reinforced and documented with written instruction
sheets. Enrollment in a cardiac rehabilitation program after
discharge can enhance patient education and compliance with
the medical regimen (see Section 5.4).

Telephone follow-up can serve to reinforce in-hospital
instruction, provide reassurance, and answer the patients
questions.635 If personnel and budget resources are available,
the health care team should establish a follow-up system in
which personnel specially trained to support and assist
clinicians in CAD management call patients on the telephone.
For example, calls might occur weekly for the first 4 weeks
after discharge. This structured program can gauge the
progress of the patients recovery, reinforce the CAD educa-
tion taught in the hospital, address patient questions and
concerns, and monitor progress in meeting risk factor modi-
fication goals.

5.2. Long-Term Medical Therapy and
Secondary Prevention
Patients with UA/NSTEMI require secondary prevention for
CAD at discharge. The management of the patient with stable
CAD is of relevance, as detailed in the ACC/AHA/ACP
Guidelines for the Management of Patients With Chronic
Stable Angina,4 as are the secondary prevention guidelines3

outlined in the more recent ACC/AHA Guidelines for the
Management of Patients With ST-Elevation MI1 and Second-
ary Prevention.3,38

A health care team with expertise in aggressively
managing CAD risk factors should work with patients and
their families to educate them in detail regarding specific
targets for LDL-C and high-density lipoprotein cholesterol
(HDL-C), blood pressure, body mass index (BMI), physi-
cal activity, and other appropriate lifestyle modifications.44

These health care teams can be hospital-, office-, or
community-based and may include chronic disease man-
agement or cardiac rehabilitation/secondary prevention
programs. The family should be instructed on how best to
further support the patient by encouraging reasonable
changes in risk behavior (e.g., cooking AHA, Mediterra-
nean, or DASH [Dietary Approach to Stop Hypertension]
diet meals for the entire family; exercising together). This
is particularly important when screening of family mem-
bers reveals common risk factors, such as dyslipidemia,
hypertension, secondhand smoke, and obesity. Of recent

concern is the national trend to obesity, which has in-
creased over the past decade in all 50 states, and its risk
consequences.636 The combination of evidence-based ther-
apies provides complementary, added morbidity and mor-
tality reductions;637,638 prescription of and compliance with
these combination therapies should be stressed.

5.2.1. Antiplatelet Therapy (UPDATED)
For new or updated text, view the 2011 Focused Update. Text
supporting unchanged recommendations has not been up-
dated.

See Figure 11 for antiplatelet therapy recommendations in
algorithm format.

Class I
1. For UA/NSTEMI patients treated medically without

stenting, aspirin� (75 to 162 mg per day) should be
prescribed indefinitely (Level of Evidence: A); clopi-
dogrel† (75 mg per day) should be prescribed for at
least 1 month (Level of Evidence: A) and ideally up to
1 year. (Level of Evidence: B)

2. For UA/NSTEMI patients treated with bare-metal stents,
aspirin� 162 to 325 mg per day should be prescribed for
at least 1 month (Level of Evidence: B), then continued
indefinitely at a dose of 75 to 162 mg per day (Level of
Evidence: A); clopidogrel should be prescribed at a dose
of 75 mg per day for a minimum of 1 month and ideally
for up to 1 year (unless the patient is at increased risk of
bleeding; then it should be given for a minimum of 2
weeks). (Level of Evidence: B)

3. For UA/NSTEMI patients treated with DES, aspirin�

162 to 325 mg per day should be prescribed for at least
3 months after sirolimus-eluting stent implantation
and 6 months after paclitaxel-eluting stent implanta-
tion then continued indefinitely at at dose of 75 to 162
mg per day. (Level of Evidence: B) Clopidogrel 75 mg
daily should be given for at least 12 months to all
post-PCI patients receiving DES. (Level of Evidence: B)

4. Clopidogrel 75 mg daily (preferred) or ticlopidine (in
the absence of contraindications) should be given to
patients recovering from UA/NSTEMI when ASA is
contraindicated or not tolerated because of hypersen-
sitivity or gastrointestinal intolerance (but with gastro-
protective agents such as proton-pump inhibitors).
(Level of Evidence: A)

Class IIa
For UA/NSTEMI patients in whom the physician is
concerned about the risk of bleeding, a lower initial
aspirin dose after PCI of 75 to 162 mg per day is
reasonable. (Level of Evidence: C)

Class IIb
For UA/NSTEMI patients who have an indication for anti-
coagulation, add warfarin‡ to maintain an international
normalization ratio of 2.0 to 3.0.§ (Level of Evidence: B)

�For ASA-allergic patients, use clopidogrel alone (indefinitely), or try
aspirin desensitization.

†For clopidogrel-allergic patients, use ticlopidine 250 mg by mouth
twice daily.
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Class III
Dipyridamole is not recommended as an antiplatelet
agent in post-UA/NSTEMI patients because it has not
been shown to be effective. (Level of Evidence: A)

5.2.2. Beta Blockers

Class I

1. Beta blockers are indicated for all patients recovering
from UA/NSTEMI unless contraindicated. (For those
at low risk, see Class IIa recommendation below).
Treatment should begin within a few days of the event,
if not initiated acutely, and should be continued indef-
initely. (Level of Evidence: B)

2. Patients recovering from UA/NSTEMI with moderate or
severe LV failure should receive beta-blocker therapy
with a gradual titration scheme. (Level of Evidence: B)

Class IIa
It is reasonable to prescribe beta blockers to low-risk
patients (i.e., normal LV function, revascularized, no high-
risk features) recovering from UA/NSTEMI in the absence
of absolute contraindications. (Level of Evidence: B)

5.2.3. Inhibition of the
Renin-Angiotensin-Aldosterone System

Class I

1. Angiotensin-converting enzyme inhibitors should be
given and continued indefinitely for patients recover-
ing from UA/NSTEMI with HF, LV dysfunction
(LVEF less than 0.40), hypertension, or diabetes mel-
litus, unless contraindicated. (Level of Evidence: A)

2. An angiotensin receptor blocker should be prescribed
at discharge to those UA/NSTEMI patients who are
intolerant of an ACE inhibitor and who have either
clinical or radiological signs of HF and LVEF less than
0.40. (Level of Evidence: A)

3. Long-term aldosterone receptor blockade should be
prescribed for UA/NSTEMI patients without signifi-
cant renal dysfunction (estimated creatinine clearance
should be greater than 30 mL per min) or hyperkale-
mia (potassium should be less than or equal to 5 mEq
per liter) who are already receiving therapeutic doses
of an ACE inhibitor, have an LVEF less than or equal
to 0.40, and have either symptomatic HF or diabetes
mellitus. (Level of Evidence: A)

Class IIa

1. Angiotensin-converting enzyme inhibitors are reason-
able for patients recovering from UA/NSTEMI in the
absence of LV dysfunction, hypertension, or diabetes
mellitus unless contraindicated. (Level of Evidence: A)

2. Angiotensin-converting enzyme inhibitors are reason-
able for patients with HF and LVEF greater than 0.40.
(Level of Evidence: A)

3. In UA/NSTEMI patients who do not tolerate ACE
inhibitors, an angiotensin receptor blocker can be
useful as an alternative to ACE inhibitors in long-term
management provided there are either clinical or
radiological signs of HF and LVEF less than 0.40.
(Level of Evidence: B)

Class IIb
The combination of an ACE inhibitor and an angiotensin
receptor blocker may be considered in the long-term
management of patients recovering from UA/NSTEMI
with persistent symptomatic HF and LVEF less than 0.40�

despite conventional therapy including an ACE inhibitor
or an angiotensin receptor blocker alone. (Level of Evi-
dence: B)

Data on the utility of ACE inhibitors in stable CAD in
the presence of HF and LV dysfunction have been com-
pelling, whereas data in their absence have been conflict-
ing. A reduction in the rates of mortality and vascular
events was reported in the Heart Outcomes Prevention
Evaluation (HOPE) Study343 with the long-term use of an
ACE inhibitor (ramipril) in moderate-risk patients with
CAD, many of whom had preserved LV function, as well
as patients at high risk of developing CAD. Similar but
smaller benefits were reported in the EUROPA study
(EUropean trial on Reduction Of cardiac events with
Perindopril in patients with stable coronary Artery dis-
ease), which observed a significant reduction in incidence
of cardiovascular death, MI, or cardiac arrest among
moderate-risk patients with known coronary disease with-
out apparent HF randomized to perindopril versus pla-
cebo.639 Conflicting results, however, were observed in the
Prevention of Events with Angiotensin Converting En-
zyme Inhibition (PEACE) trial, which found no significant
difference in the risk of cardiovascular death, MI, or
coronary revascularization among low-risk patients with
stable CAD and preserved LV function when an ACE
inhibitor (trandolapril) was added to modern conventional
therapy;640 however, a subsequent meta-analysis of these 3
major trials supported benefit across the risk spectrum
studied.641 These and other data may be harmonized by
postulating that ACE inhibitors provide general benefit in
stable CAD but that the absolute benefit is proportional to
disease-related risk, with those at lowest risk benefiting
least.641,642 These and other agents that may be used in
patients with chronic CAD are listed in Table 22 and are
discussed in detail in the ACC/AHA Guidelines for the
Management of Patients With Chronic Stable Angina.4

5.2.4. Nitroglycerin

Class I
1. Nitroglycerin to treat ischemic symptoms is recom-

mended. (Level of Evidence: C)

�The safety of this combination has not been proven in patients also
aldosterone antagonist and is not recommended.

‡Continue ASA indefinitely and warfarin longer term as indicated for
specific conditions such as atrial fibrillation; LV thrombus; or cerebral,
venous, or pulmonary emboli.

§An INR of 2.0 to 2.5 is preferable while given with ASA and
clopidogrel, especially in older patients and those with other risk factors
for bleeding.
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5.2.5. Calcium Channel Blockers

Class I

1. Calcium channel blockers† are recommended for is-
chemic symptoms when beta blockers are not success-
ful. (Level of Evidence: B)

2. Calcium channel blockers† are recommended for is-
chemic symptoms when beta blockers are contraindi-
cated or cause unacceptable side effects. (Level of
Evidence: C)

5.2.6. Warfarin Therapy (UPDATED)
For new or updated text, view the 2011 Focused Update. Text
supporting unchanged recommendations has not been updated.

Class I
Use of warfarin in conjunction with ASA and/or clopi-
dogrel is associated with an increased risk of bleeding and
should be monitored closely. (Level of Evidence: A)

Class IIb
Warfarin either without (INR 2.5 to 3.5) or with low-dose
ASA (75 to 81 mg per d; INR 2.0 to 2.5) may be reasonable
for patients at high CAD risk and low bleeding risk who
do not require or are intolerant of clopidogrel. (Level of
Evidence: B)

5.2.7. Lipid Management

Class I

1. The following lipid recommendations are beneficial:
a. Lipid management should include assessment of a

fasting lipid profile for all patients, within 24 h of
hospitalization. (Level of Evidence: C)

b. Hydroxymethyl glutaryl-coenzyme A reductase in-
hibitors (statins), in the absence of contraindica-
tions, regardless of baseline LDL-C and diet modi-
fication, should be given to post-UA/NSTEMI
patients, including postrevascularization patients.
(Level of Evidence: A)

Table 22. Medications Used for Stabilized UA/NSTEMI Patients

Anti-Ischemic and Antithrombotic/Antiplatelet
Agents Drug Action Class/Level of Evidence

Aspirin Antiplatelet I/A

Clopidogrel� or ticlopidine Antiplatelet when aspirin is contraindicated I/A

Beta blockers Anti-ischemic I/B

ACEI EF less than 0.40 or HF EF greater than 0.40 I/A IIa/A

Nitrates Antianginal I/C for ischemic symptoms

Calcium channel blockers (short-acting
dihydropyridine antagonists should be
avoided)

Antianginal I for ischemic symptoms; when beta blockers are
not successful (B) or contraindicated, or cause
unacceptable side effects (C)

Dipyridamole Antiplatelet III/A

Agents for Secondary Prevention and Other
Indications Risk Factor Class/Level of Evidence

HMG-CoA reductase inhibitors LDL cholesterol greater than 70 mg per dL Ia

Fibrates HDL cholesterol less than 40 mg per dL IIa/B

Niacin HDL cholesterol less than 40 mg per dL IIa/B

Niacin or fibrate Triglycerides 200 mg per dL IIa/B

Antidepressant Treatment of depression IIb/B

Treatment of hypertension Blood pressure greater than 140/90 mm Hg or
greater than 130/80 mm Hg if kidney
disease or diabetes present

I/A

Hormone therapy (initiation)† Postmenopausal state III/A

Treatment of diabetes HbA1C greater than 7% I/B

Hormone therapy (continuation)† Postmenopausal state III/B

COX-2 inhibitor or NSAID Chronic pain IIa/C, IIb/C or III/C

Vitamins C, E, beta-carotene; folic acid, B6, B12 Antioxidant effect; homocysteine lowering III/A
�Preferred to ticlopidine.
†For risk reduction of coronary artery disease.
ACEI � angiotensin-converting enzyme inhibitor; CHF � congestive heart failure; COX-2 � cyclooxygenase 2; EF � ejection fraction; HDL � high-density

lipoprotein; HMG-CoA � hydroxymethyl glutaryl coenzyme A; INR � international normalized ratio; LDL � low-density lipoprotein; NSAID � nonsteroidal
anti-inflammatory drug; NSTEMI � non–ST-segment elevation myocardial infarction; UA � unstable angina.

†Short-acting dihydropyridine calcium channel antagonists should be
avoided. ‡Non-HDL-C � total cholesterol minus HDL-C.
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c. For hospitalized patients, lipid-lowering medica-
tions should be initiated before discharge. (Level of
Evidence: A)

d. For UA/NSTEMI patients with elevated LDL-C (greater
than or equal to 100 mg per dL), cholesterol-lowering
therapy should be initiated or intensified to achieve an
LDL-C of less than 100 mg per dL. (Level of Evidence: A)
Further titration to less than 70 mg per dL is reasonable.
(Class IIa, Level of Evidence: A)

e. Therapeutic options to reduce non–HDL-C‡ are
recommended, including more intense LDL-C–low-
ering therapy. (Level of Evidence: B)

f. Dietary therapy for all patients should include reduced
intake of saturated fats (to less than 7% of total calories),
cholesterol (to less than 200 mg per d), and trans fat (to
less than 1% of energy). (Level of Evidence: B)

g. Promoting daily physical activity and weight man-
agement are recommended. (Level of Evidence: B)

2. Treatment of triglycerides and non-HDL-C is useful,
including the following:
a. If triglycerides are 200 to 499 mg per dL, non-

HDL-C‡ should be less than 130 mg per dL. (Level of
Evidence: B)

b. If triglycerides are greater than or equal to 500 mg per
dL�, therapeutic options to prevent pancreatitis are
fibrate† or niacin† before LDL-lowering therapy is
recommended. It is also recommended that LDL-C be
treated to goal after triglyceride-lowering therapy.
Achievement of a non-HDL-C‡ less than 130 mg per
dL (i.e., 30 mg per dL greater than LDL-C target) if
possible is recommended. (Level of Evidence: C)

Class IIa
1. The following lipid management strategies can be

beneficial:
a. Further reduction of LDL-C to less than 70 mg per

dL is reasonable. (Level of Evidence: A)
b. If baseline LDL cholesterol is 70 to 100 mg per dL,

it is reasonable to treat LDL-C to less than 70 mg
per dL. (Level of Evidence: B)

c. Further reduction of non-HDL-C‡ to less than 100
mg per dL is reasonable; if triglycerides are 200 to
499 mg per dL, non-HDL-C target is less than 130
mg per dL. (Level of Evidence: B)

d. Therapeutic options to reduce non-HDL-C‡ (after
LDL-C lowering) include niacin† or fibrate� therapy.

e. Nicotinic acid (niacin)† and fibric acid derivatives
(fenofibrate, gemfibrozil)� can be useful as therapeutic
options (after LDL-C–lowering therapy) for HDL-C
less than 40 mg per dL. (Level of Evidence: B)

f. Nicotinic acid (niacin)† and fibric acid derivatives
(fenofibrate, gemfibrozil)� can be useful as thera-
peutic options (after LDL-C–lowering therapy) for
triglycerides greater than 200 mg per dL. (Level of
Evidence: B)

g. The addition of plant stanol/sterols (2 g per d) and
viscous fiber (more than 10 g per d) is reasonable to
further lower LDL-C. (Level of Evidence: A)

Class IIb
Encouraging consumption of omega-3 fatty acids in the
form of fish§ or in capsule form (1 g per d) for risk
reduction may be reasonable. For treatment of elevated
triglycerides, higher doses (2 to 4 g per d) may be used for
risk reduction. (Level of Evidence: B)

There is a wealth of evidence that cholesterol-lowering
therapy for patients with CAD and hypercholesterolemia643 or
with mild cholesterol elevation (mean 209 to 218 mg per dL)
after MI and UA reduces vascular events and death.644,645

Moreover, recent trials have provided mounting evidence that
statin therapy is beneficial regardless of whether the baseline
LDL-C level is elevated.646–648 More aggressive therapy has
resulted in suppression or reversal of coronary atherosclerosis
progression and lower cardiovascular event rates, although
the impact on total mortality remains to be clearly estab-
lished.649 These data are discussed more fully elsewhere.3,17,39

For patients with CHD or CHD equivalents (i.e., athero-
sclerosis in other vascular territories, diabetes mellitus, or
10-year estimated cardiovascular risk greater than 20%), the
NCEP Adult Treatment Panel III recommended a target
LDL-C level less than 100 mg per dL.17 Therapeutic lifestyle
changes are recommended as well. Therapeutic lifestyle
changes include diet, weight management, and increased
physical activity. Specific diet recommendations include
restriction of calories from saturated fat to less than 7% of
total caloric intake and of cholesterol to less than 200 mg per
d. Additionally, increased soluble fiber (10 to 25 g per d) and
plant stanols/sterols (2 g per d) are noted as therapeutic
lifestyle change dietary options to enhance LDL-C lowering.
Reduction in trans fat (to less than 1% of caloric intake)
subsequently has been added to prevention guidelines.3,38

These guidelines also recommend consideration of drug
therapy if LDL-C is above goal range, either simultaneously
with therapeutic lifestyle changes or sequentially, after 3
months of therapeutic lifestyle changes.

An update to the Adult Treatment Panel III guidelines was
published in mid 2004.16 The major change recommended in this
update is an LDL-C treatment goal of less than 70 mg per dL as
a reasonable option in very-high-risk patients (such as after

�Patients with very high triglycerides should not consume alcohol. The
use of bile acid sequestrants is relatively contraindicated when triglyc-
erides are greater than 200 mg per dL.

†The combination of high-dose statin plus fibrate can increase risk for
severe myopathy. Statin doses should be kept relatively low with this
combination. Dietary supplement niacin must not be used as a substitute
for prescription niacin.

‡Non-HDL-C � total cholesterol minus HDL-C.
§Pregnant and lactating women should limit their intake of fish to

minimize exposure to methylmercury.

�Patients with very high triglycerides should not consume alcohol. The
use of bile acid sequestrants is relatively contraindicated when triglyc-
erides are greater than 200 mg per dL.

†The combination of high-dose statin plus fibrate can increase risk for
severe myopathy. Statin doses should be kept relatively low with this
combination. Dietary supplement niacin must not be used as a substitute
for prescription niacin.
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UA/NSTEMI). Furthermore, if a high-risk patient has high
triglycerides (greater than 200 mg per dL) or low HDL-C (less
than 40 mg per dL), consideration can be given to combining a
fibrate or nicotinic acid with an LDL-lowering drug. For
moderately high-risk patients (2 or more risk factors and 10-year
risk of 10% to 20%), the recommended LDL-C goal is less than
130 mg per dL, but an LDL-C goal of less than 100 mg per dL
is a reasonable option. When drug therapy is utilized in
moderate- to high-risk patients, it is advised that the intensity of
the treatment be sufficient to achieve a reduction in LDL-C
levels of at least 30% to 40%. Therapeutic lifestyle changes to
modify existing lifestyle-based risk factors are strongly urged
regardless of LDL-C levels.

Two trials further support early intensive lipid lowering
after ACS. In the PROVE-IT TIMI 22 study (PRavastatin Or
atorVastatin Evaluation and Infection Therapy–Thrombolysis
In Myocardial Infarction 22), 4,162 patients within 10 d of
ACS were randomized to 40 mg of pravastatin or 80 mg of
atorvastatin daily.648 The median LDL-C achieved in the
moderately intensive (standard-dose) pravastatin group was
95 mg per dL compared with a median of 62 mg per dL in the
aggressive, high-dose atorvastatin group. A 16% reduction in
the HR for the primary composite end point of all-cause
death, MI, UA requiring rehospitalization, revascularization
(performed at least 30 d after randomization), and stroke was
observed in favor of the high-dose regimen. The second trial,
phase Z of the A to Z Trial,647 compared early initiation of an
intensive statin regimen (simvastatin 40 mg per d for 1 month
followed by 80 mg per d thereafter) with a delayed initiation
of a less-intensive regimen (placebo for 4 months followed by
simvastatin 20 mg per d) in patients with ACS. No difference
was observed between the groups during the first 4 months of
follow-up for the primary end point (composite of cardiovas-
cular death, nonfatal MI, readmission for ACS, and stroke).
However, from 4 months through the end of the study, the
primary end point was significantly reduced in the aggressive
treatment arm, which represented a favorable trend toward a
reduction of major cardiovascular events with the early,
aggressive statin regimen. The incidence of myopathy (CK
greater than 10 times the upper limit of normal, with muscle
symptoms) occurred more frequently in the early/aggressive
treatment group, which reinforces the need for careful mon-
itoring and follow-up with aggressive treatment.

Observational studies have generally supported initiation of
lipid-lowering therapy before discharge after ACS both for
safety and for early efficacy (event reduction).650 In contrast, a
meta-analysis of randomized trials of early (less than 14 d) initiation
of lipid lowering after ACS, although supporting its safety, suggests
that efficacy is generally delayed beyond 4 months.651

Short- and long-term compliance is a clear benefit of in-hospital
initiation of lipid lowering.652 In a demonstration project, the
Cardiovascular Hospitalization Atherosclerosis Management Pro-

gram, the in-hospital initiation of lipid-lowering therapy increased
the percentage of patients treated with statins 1 year later from 10%
to 91%, and for those with an LDL-C less than 100 mg per dL, the
percentage increased from 6% to 58%,653 which suggests that
predischarge initiation of lipid-lowering therapy enhances long-term
compliance. Thus, there appear to be no adverse effects and
substantial advantages to the initiation of lipid-lowering therapy
before hospital discharge.652,654 Such early initiation of therapy also
has been recommended in the update of the third report of the
NCEP.16 Adherence to statin therapy was shown to be associated
with improved survival in a large, population-based longitudinal
observational study.655

5.2.8. Blood Pressure Control

Class I
Blood pressure control according to JNC 7 guidelines� is
recommended (i.e., blood pressure less than 140/
90 mm Hg or less than 130/80 mm Hg if the patient has
diabetes mellitus or chronic kidney disease). (Level of
Evidence: A) Additional measures recommended to treat
and control blood pressure include the following:

a. Patients should initiate and/or maintain lifestyle mod-
ifications, including weight control, increased physical
activity, alcohol moderation, sodium reduction, and
emphasis on increased consumption of fresh fruits,
vegetables, and low-fat dairy products. (Level of Evi-
dence: B)

b. For patients with blood pressure greater than or equal to
140/90 mm Hg (or greater than or equal to 130/80 mm Hg
for individuals with chronic kidney disease or diabetes
mellitus), it is useful to add blood pressure medication as
tolerated, treating initially with beta blockers and/or
ACE inhibitors, with addition of other drugs such as
thiazides as needed to achieve target blood pressure.
(Level of Evidence: A)

All patients with elevated systolic or diastolic blood
pressures should be educated and motivated to achieve
targeted hypertensive control according to JNC 7 guide-
lines656 adapted to patients with ischemic heart disease.656a

Systolic and diastolic blood pressures should be in the normal
range (i.e., less than 140/90 mm Hg; 130/80 mm Hg if the
patient has diabetes mellitus or chronic kidney disease).

5.2.9. Diabetes Mellitus

Class I
Diabetes management should include lifestyle and phar-
macotherapy measures to achieve a near-normal HbA1c
level of less than 7%. (Level of Evidence: B) Diabetes
management should also include the following:

a. Vigorous modification of other risk factors (e.g., physical
activity, weight management, blood pressure control, and
cholesterol management) as recommended should be
initiated and maintained. (Level of Evidence: B)

b. It is useful to coordinate the patients diabetic care with
the patients primary care physician or endocrinologist.
(Level of Evidence: C)

�Chobanian AV, Bakris GL, Black HR, et al., for the National High
Blood Pressure Education Program Coordinating Committee. The sev-
enth report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: the JNC 7 report.
JAMA 2003;289:2560–72.656
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Glycemic control during and after ACS is discussed in
Section 6.2.1.

Overweight patients should be instructed in a weight loss
regimen, with emphasis on the importance of regular exercise
and a lifelong prudent diet to maintain ideal body mass index.
Patients should be informed and encouraged that even small
reductions in weight can have positive benefits. This can be
reassuring to severely obese patients. In the Diabetes Prevention
Program study, 3,234 overweight subjects with elevated fasting
and postload plasma glucose concentrations were randomized to
treatment with metformin or a lifestyle modification program.657

The goals of the lifestyle modification program were targeted to
at least a 7% weight loss and at least 150 min of physical activity
per week. The incidence of diabetes mellitus was reduced by
58% in the lifestyle modification group and 31% in the met-
formin group compared with placebo. The study supports the
substantial positive effects of even modest changes in weight
and physical activity on the development of diabetes, a major
risk factor for cardiovascular events.657–659

5.2.10. Smoking Cessation

Class I
Smoking cessation and avoidance of exposure to environ-
mental tobacco smoke at work and home are recom-
mended. Follow-up, referral to special programs, or phar-
macotherapy (including nicotine replacement) is useful, as
is adopting a stepwise strategy aimed at smoking cessation
(the 5 As are: Ask, Advise, Assess, Assist, and Arrange).
(Level of Evidence: B)

For patients who smoke, persistent smoking cessation
counseling is often successful and has substantial potential to
improve survival. Daly et al.660 quantified the long-term
effects of smoking on patients with ACS. Men less than 60
years old who continued to smoke had a risk of death due to
all causes that was 5.4 times that of men who stopped
smoking (p less than 0.05). Referral to a smoking cessation
program and the use of pharmacological agents including
nicotine patches or gum are recommended.661

Bupropion, an anxiolytic agent and weak inhibitor of
neuronal uptake of neurotransmitters, has been effective
when added to brief regular counseling sessions in helping
patients to quit smoking. The treatment of 615 study subjects
for 7 weeks resulted in smoking cessation rates of 28.8% for
the 100 mg per d dosage and 44.2% for 300 mg per d
compared with 19.6% for placebo-assigned patients (p less
than 0.001).661 The abstinence rate at 1 year was 23.0% for
those treated with bupropion 300 mg per d versus 12.4% for
those receiving placebo.661

Recently, another nonnicotine replacement therapy, vareni-
cline, was approved to assist in smoking cessation. Vareni-
cline is a first-in-class nicotine acetylcholine receptor partial
agonist, designed to provide some nicotine effects (easing
withdrawal symptoms) and to block the effects of nicotine
from cigarettes, discouraging smoking. Approval was based
on demonstrated effectiveness in 6 clinical trials involving a
total of 3,659 chronic cigarette smokers.32–34 In 2 of the 5
placebo-controlled trials, varenicline also was compared to
buproprion and found to be more effective. Varenicline is

given for an initial 12-week course. Successfully treated
patients may continue treatment for an additional 12 weeks to
improve the chances of long-term abstinence. Family mem-
bers who live in the same household should also be encour-
aged to quit smoking to help reinforce the patients effort and
to decrease the risk of secondhand smoke for everyone.

5.2.11. Weight Management

Class I
Weight management, as measured by body mass index
and/or waist circumference, should be assessed on each
visit. A body mass index of 18.5 to 24.9 kg per m2 and a
waist circumference (measured horizontally at the iliac
crest) of less than 40 inches for men and less than 35
inches for women is recommended. (Level of Evidence: B)
Additional weight management practices recommended
include the following:

a. On each patient visit, it is useful to consistently encour-
age weight maintenance/reduction through an appro-
priate balance of physical activity, caloric intake, and
formal behavioral programs when indicated to main-
tain/achieve a body mass index between 18.5 and 24.9
kg per m2. (Level of Evidence: B)

b. If waist circumference is 35 inches or more in women or
40 inches or more in men, it is beneficial to initiate
lifestyle changes and consider treatment strategies for
metabolic syndrome as indicated. (Level of Evidence: B)

c. The initial goal of weight loss therapy should be to
reduce body weight by approximately 10% from base-
line. With success, further weight loss can be at-
tempted if indicated through further assessment.
(Level of Evidence: B)

5.2.12. Physical Activity

Class I

1. The patients risk after UA/NSTEMI should be assessed
on the basis of an in-hospital determination of risk. A
physical activity history or an exercise test to guide
initial prescription is beneficial. (Level of Evidence: B)

2. Guided/modified by an individualized exercise pre-
scription, patients recovering from UA/NSTEMI gen-
erally should be encouraged to achieve physical activ-
ity duration of 30 to 60 min per d, preferably 7 (but at
least 5) d per week of moderate aerobic activity, such
as brisk walking, supplemented by an increase in daily
lifestyle activities (e.g., walking breaks at work, gar-
dening, and household work). (Level of Evidence: B)

3. Cardiac rehabilitation/secondary prevention programs
are recommended for patients with UA/NSTEMI, partic-
ularly those with multiple modifiable risk factors and/or
those moderate- to high-risk patients in whom supervised
exercise training is particularly warranted. (Level of
Evidence: B)

Class IIb
The expansion of physical activity to include resistance
training on 2 d per week may be reasonable. (Level of
Evidence: C)
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Federal and ACC/AHA guidelines recommend that all Amer-
icans strive for at least 30 to 60 min of moderate physical activity
most days of the week, preferably daily.662 The 30 to 60 min can
be spread out over 2 or 3 segments during the day. For
post-UA/NSTEMI patients, daily walking can be encouraged
immediately after discharge. Excellent resource publications on
exercise prescription in cardiovascular patients are avail-
able.45,663 Physical activity is important in efforts to lose weight
because it increases energy expenditure and plays an integral
role in weight maintenance. Regular physical activity reduces
symptoms in patients with CVD, improves functional capacity,
and improves other cardiovascular risk factors such as insulin
resistance and glucose intolerance.45 Beyond the instructions for
daily exercise, patients require specific instruction on those
strenuous activities (e.g., heavy lifting, climbing stairs, yard
work, and household activities) that are permissible and those
they should avoid. Several activity questionnaires or nomo-
grams, specific to the cardiac population and general population,
have been developed to help guide the patients exercise prescrip-
tion if an exercise test is not available.664–667 As emphasized by
the US Public Health Service, comprehensive cardiac rehabili-
tation services include long-term programs involving medical
evaluation, prescribed exercise, cardiac risk factor modification,
education, and counseling.668 These programs are designed to
limit the physiological and psychological effects of cardiac
illness, reduce the risk for sudden death or reinfarction, control
cardiac symptoms, and enhance the psychosocial and vocational
status of selected patients. Enrollment in a cardiac rehabilitation
program after discharge can enhance patient education and
compliance with the medical regimen and assist with the
implementation of a regular exercise program.45,47,573,669,670 In
addition to aerobic training, mild- to moderate-resistance train-
ing may be considered. This can be started 2 to 4 weeks after
aerobic training has begun.671 Expanded physical activity is an

important treatment component for the metabolic syndrome,
which is becoming increasingly prevalent.

Exercise training can generally begin within 1 to 2 weeks
after UA/NSTEMI treated with PCI or CABG to relieve
ischemia.663 Unsupervised exercise may target a heart rate
range of 60% to 75% of maximum predicted; supervised
training (see Section 5.4) may target a somewhat higher heart
rate (70% to 85% of maximum predicted).663 Additional
restrictions apply when residual ischemia is present.

5.2.13. Patient Education

Class I
Beyond the detailed instructions for daily exercise, patients
should be given specific instruction on activities (e.g., heavy
lifting, climbing stairs, yard work, and household activities)
that are permissible and those that should be avoided.
Specific mention should be made regarding resumption of
driving, return to work, and sexual activity. (Level of Evi-
dence: C) Specific recommendations for physical activity
follow in Section 5.4.

Patients should be educated and motivated to achieve
appropriate target LDL-C and HDL-C goals. Patients who
have undergone PCI or CABG derive benefit from cholester-
ol lowering672 and deserve special counseling lest they
mistakenly believe that revascularization obviates the need
for significant lifestyle changes. The NHLBI “Your Guide to
Better Health” series provides useful educational tools for
patients (http://hp2010.nhlbihin.net/yourguide/).

5.2.14. Influenza

Class I
An annual influenza vaccination is recommended for pa-
tients with cardiovascular disease. (Level of Evidence: B)

Figure 21. Stepped-Care Approach to Pharmacological Therapy for Musculoskeletal Symptoms With Known Cardiovascular Disease or
Risk Factors for Ischemic Heart Disease. �Addition of ASA may not be sufficient protection against thrombotic events. Reproduced
with permission. American Heart Association Scientific Statement on the Use of Nonsteroidal Anti-Inflammatory Drugs (NSAIDS)-An
Update for Clinicians © 2007, American Heart Association, Inc..673 ASA � aspirin; COX-2 � cyclooxygenase-1; NSAIDs � nonsteroidal
anti-inflammatory drugs; PPI � proton-pump inhibitor.
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5.2.15. Depression

Class IIa
It is reasonable to consider screening UA/NSTEMI pa-
tients for depression and refer/treat when indicated.
(Level of Evidence: B)

5.2.16. Nonsteroidal Anti-Inflammatory Drugs

Class I
At the time of preparation for hospital discharge, the
patients need for treatment of chronic musculoskeletal
discomfort should be assessed, and a stepped-care ap-
proach to treatment should be used for selection of
treatments (Fig. 21). Pain relief should begin with acet-
aminophen, small doses of narcotics, or nonacetylated
salicylates. (Level of Evidence: C)

Class IIa
It is reasonable to use nonselective NSAIDs, such as
naproxen, if initial therapy with acetaminophen, small
doses of narcotics, or nonacetylated salicylates is insuffi-
cient. (Level of Evidence: C)

Class IIb
Nonsteroidal anti-inflammatory drugs with increasing
degrees of relative COX-2 selectivity may be considered
for pain relief only for situations in which intolerable
discomfort persists despite attempts at stepped-care ther-
apy with acetaminophen, small doses of narcotics, nonac-
etylated salicylates, or nonselective NSAIDs. In all cases,
the lowest effective doses should be used for the shortest
possible time. (Level of Evidence: C)

Class III
Nonsteroidal anti-inflammatory drugs with increasing degrees
of relative COX-2 selectivity should not be administered to
UA/NSTEMI patients with chronic musculoskeletal discomfort
when therapy with acetaminophen, small doses of narcotics,
nonacetylated salicylates, or nonselective NSAIDs provides ac-
ceptable levels of pain relief. (Level of Evidence: C)

The selective COX-2 inhibitors and other nonselective
NSAIDs have been associated with increased cardiovascular
risk. The risk appears to be amplified in patients with
established CVD.1,359–362 In a large Danish observational
study of first-time MI patients (n � 58,432), the HRs and
95% CIs for death were 2.80 (2.41 to 3.25) for rofecoxib, 2.57
(2.15 to 3.08) for celecoxib, 1.50 (1.36 to 1.67) for ibuprofen,
2.40 (2.09 to 2.80) for diclofenac, and 1.29 (1.16 to 1.43) for
other NSAIDS.361 There were dose-related increases in risk
of death and non–dose-dependent trends for rehospitalization
for MI for all drugs.360,361 An AHA scientific statement on the
use of NSAIDS concluded that the risk of cardiovascular
events is proportional to COX-2 selectivity and the underly-
ing risk in the patient.673 Nonpharmacological approaches
were recommended as the first line of treatment, followed by
the stepped-care approach to pharmacological therapy, as
shown in Figure 21.

5.2.17. Hormone Therapy

Class III
1. Hormone therapy with estrogen plus progestin, or

estrogen alone, should not be given de novo to post-

menopausal women after UA/NSTEMI for secondary
prevention of coronary events. (Level of Evidence: A)

2. Postmenopausal women who are already taking estrogen
plus progestin, or estrogen alone, at the time of UA/
NSTEMI in general should not continue hormone ther-
apy. However, women who are more than 1 to 2 years
past the initiation of hormone therapy who wish to
continue such therapy for another compelling indication
should weigh the risks and benefits, recognizing the
greater risk of cardiovascular events and breast cancer
(combination therapy) or stroke (estrogen). Hormone
therapy should not be continued while patients are on
bedrest in the hospital. (Level of Evidence: B)

Although prior observational data suggested a protective
effect of hormone therapy for coronary events, a randomized
trial of hormone therapy for secondary prevention of death
and MI (Heart and Estrogen/progestin Replacement Study
[HERS]) failed to demonstrate a beneficial effect.674 Disturb-
ingly, there was an excess risk for death and MI early after
hormone therapy initiation. The Womens Health Initiative
included randomized primary prevention trials of estrogen
plus progestin and estrogen alone. Both trials were stopped
early owing to an observed increased risk related to hormone
therapy that was believed to outweigh the potential benefits
of further study.675–677 It is recommended that postmeno-
pausal women receiving hormone therapy at the time of a
cardiovascular event discontinue its use. Likewise, hormone
therapy should not be initiated for secondary prevention of
coronary events. However, there may be other permissible
indications for hormone therapy in postmenopausal women
(e.g., prevention of perimenopausal symptoms such as flush-
ing, or prevention of osteoporosis) if the benefits are believed
to outweigh the increased cardiovascular risk).

5.2.18. Antioxidant Vitamins and Folic Acid

Class III
1. Antioxidant vitamin supplements (e.g., vitamins E, C, or

beta carotene) should not be used for secondary preven-
tion in UA/NSTEMI patients. (Level of Evidence: A)

2. Folic acid, with or without B6 and B12, should not be
used for secondary prevention in UA/NSTEMI pa-
tients. (Level of Evidence: A)

Although there is an association of elevated homocysteine
blood levels and CAD, a reduction in homocysteine levels
with routine folate supplementation was not demonstrated to
reduce the risk of CAD events in 2 trials (Norwegian Vitamin
Trial [NORVIT] and HOPE) that included post-MI or high
risk, stable patients.678–681 Similarly, a large clinical trials
experience with antioxidant vitamins has failed to demon-
strate benefit for primary or secondary prevention38,681a

5.3. Postdischarge Follow-Up

Recommendations

Class I
1. Detailed discharge instructions for post-UA/NSTEMI

patients should include education on medications, diet,
exercise, and smoking cessation counseling (if appropri-
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ate), referral to a cardiac rehabilitation/secondary pre-
vention program (when appropriate), and the scheduling
of a timely follow-up appointment. Low-risk medically
treated patients and revascularized patients should re-
turn in 2 to 6 weeks, and higher risk patients should
return within 14 d. (Level of Evidence: C)

2. Patients with UA/NSTEMI managed initially with a
conservative strategy who experience recurrent signs or
symptoms of UA or severe (Canadian Cardiovascular
Society class III) chronic stable angina despite medical
management who are suitable for revascularization
should undergo timely coronary angiography. (Level of
Evidence: B)

3. Patients with UA/NSTEMI who have tolerable stable
angina or no anginal symptoms at follow-up visits
should be managed with long-term medical therapy for
stable CAD. (Level of Evidence: B)

4. Care should be taken to establish effective communi-
cation between the post-UA/NSTEMI patient and
health care team members to enhance long-term com-
pliance with prescribed therapies and recommended
lifestyle changes. (Level of Evidence: B)

The risk of death within 1 year can be predicted on the
basis of clinical information and the ECG (see also Section
3.3). In a study of 515 survivors of hospitalization for
NSTEMI, risk factors included persistent ST-segment depres-
sion, HF, advanced age, and ST-segment elevation at dis-
charge.682 Patients with all high-risk markers present had a
14-fold greater mortality rate than did patients with all
markers absent. Elevated cardiac TnT levels have also been
demonstrated to provide independent prognostic information
for cardiac events at 1 to 2 years. For patients with ACS in a
GUSTO-IIa substudy, age, ST-segment elevation on admis-
sion, prior CABG, TnT, renal insufficiency, and severe
chronic obstructive pulmonary disease were independently
associated with risk of death at 1 year.683,684 For UA/NSTEMI
patients, prior MI, TnT positivity, accelerated angina before
admission, and recurrent pain or ECG changes were indepen-
dently associated with risk of death at 2 years. Patients
managed with an initial conservative strategy (see Section 3)
should be reassessed at the time of return visits for the need
for cardiac catheterization and revascularization. Specifically,
the presence and severity of angina should be ascertained.
Rates of revascularization during the first year have been
reported to be high.685 Long-term (7 years) follow-up of 282
patients with UA demonstrated high event rates during the
first year (MI 11%, death 6%, PTCA 30%, and CABG 27%);
however, after the first year, event rates were low.685 Inde-
pendent risk factors for death/MI were age greater than 70
years, diabetes, and male sex. A predictive model for the risk
of death from discharge to 6 months after an ACS has been
developed and validated using the 17,142-patient GRACE
registry database.168 Mortality averaged 4.8%. Nine predic-
tive variables were identified: older age, history of MI,
history of HF, increased pulse rate at presentation, lower
systolic blood pressure at presentation, elevated initial serum
creatinine level, elevated initial serum cardiac biomarker
levels, ST-segment depression on presenting ECG, and not

having a PCI performed in the hospital. The C statistic for the
validation cohort was 0.75. The GRACE tool was suggested
to be a simple, robust tool for clinical use.

Certain patients at high risk of ventricular tachyarrhythmia
after UA/NSTEMI may be candidates for an implantable
cardioverter defibrillator. Indications and timing of an im-
plantable cardioverter defibrillator in this setting are present-
ed in the STEMI guidelines1 and more recently the Ventric-
ular Arrhythmias and Sudden Cardiac Death guidelines.686

Indications for testing for atherosclerotic disease in other
vascular beds (i.e., carotid, peripheral arterial) are also
covered elsewhere in recent guidelines.687

Major depression has also been reported to be an independent
risk factor for cardiac events after MI and occurs in up to 25%
of such patients.688 Antidepressant therapy (with sertraline) was
safe and effective for relief of depressive symptoms in a
controlled trial in 369 depressed patients with ACS, but it did not
conclusively demonstrate a beneficial effect on cardiovascular
end points, perhaps because of limited sample size.689 Cognitive
therapy and, in some cases, sertraline did not affect late survival
after MI in another randomized study (Enhancing Recovery in
Coronary Heart Disease [ENRICHD]), but those whose depres-
sion did not improve were at higher risk of late mortality.690 The
CREATE trial evaluated interpersonal psychotherapy (IPT)
compared with clinical management and the selective serotonin
reuptake inhibitor citalopram compared with placebo in a 2 � 2
factorial design among patients with CAD and major depres-
sion.691 The primary end point of Hamilton Depression Rating
Scale score was improved in the citalopram group versus
placebo (mean reduction 14.9 vs. 11.6, p � 0.005) but did not
differ for IPT versus clinical management (mean reduction 12.1
vs. 14.4, p � 0.06). Likewise, the secondary end point of
reduction in mean Beck Depression Inventory score was im-
proved in the citalopram group but did not differ for IPT.

Patients recognized to be at high risk for a cardiac event after
discharge for any of the above reasons should be seen for
follow-up earlier and more frequently than lower-risk patients.

The overall long-term risk for death or MI 2 months after
an episode of UA/NSTEMI is similar to that of other CAD
patients with similar characteristics. Van Domburg et al.685

reported a good long-term outcome even after a complicated
early course. Based on a median follow-up of almost 8 years,
mortality in the first year was 6%, then 2% to 3% annually in
the following years.685 When the patient has returned to the
baseline level, typically 6 to 8 weeks after hospitalization,
arrangements should be made for long-term regular follow-up
visits, as for stable CAD. Cardiac catheterization with coro-
nary angiography is recommended for any of the following
situations: 1) significant increase in anginal symptoms, in-
cluding recurrent UA; 2) high-risk pattern (e.g., at least 2 mm
of ST-segment depression, systolic blood pressure decline of
at least 10 mm Hg) on exercise test (see Section 3.4); 3) HF;
4) angina with mild exertion (inability to complete stage 2 of
the Bruce protocol for angina); and 5) survivors of sudden
cardiac death. Revascularization is recommended based on
the coronary anatomy and ventricular function (see Section 4,
ACC/AHA Guidelines for the Management of Patients With
Chronic Stable Angina,4 and ACC/AHA 2004 Guideline
Update for Coronary Artery Bypass Graft Surgery555).
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Minimizing the risk of recurrent cardiovascular events
requires optimizing patients compliance with prescribed ther-
apies and recommended lifestyle modifications. Many studies
exploring predictors of compliance have failed to find pre-
dictive value in simple demographic or socioeconomic vari-
ables. More reliable predictors are the patients beliefs and
perceptions about their vulnerability to disease and the
efficacy of the prescribed treatments and, importantly, vari-
ous aspects of the relationship with their health care pro-
vider.692–694 Development of a therapeutic relationship with
the patient and family is likely to enhance compliance. Care
should be taken to ensure that there is adequate time spent
with the family focused on explanation of the disease and
proposed treatments, the importance of adhering to the
prescribed treatment plan, and exploration of patient-specific
barriers to compliance. Participation in cardiac rehabilitation/
secondary prevention programs can help reinforce patient-
specific secondary prevention issues and can address barriers
to compliance. Close communication between the treating
physician and the cardiac rehabilitation team is important to
maximize effectiveness.3,47,695,696

5.4. Cardiac Rehabilitation

Class I
Cardiac rehabilitation/secondary prevention programs,
when available, are recommended for patients with UA/
NSTEMI, particularly those with multiple modifiable risk
factors and those moderate- to high-risk patients in whom
supervised or monitored exercise training is warranted.
(Level of Evidence: B)

Cardiac rehabilitation programs are designed to limit the
physiological and psychological effects of cardiac illness,
reduce the risk for sudden death or reinfarction, control
cardiac symptoms, stabilize or reverse the atherosclerotic
process, and enhance the psychosocial and vocational status
of selected patients.668,695,697 Cardiac rehabilitation is a com-
prehensive long-term program that involves medical evalua-
tion, prescribed exercise, cardiac risk factor modification,
education, and counseling.668,698 Cardiac rehabilitation may
occur in a variety of settings, including medically supervised
groups in a hospital, physicians office, or community facil-
ity.696 Exercise may involve a stationary bicycle, treadmill,
calisthenics, walking, or jogging, and monitoring may include
ECG telemetry, depending on a patients risk status and the
intensity of exercise training. Education and counseling
concerning risk factor modification are individualized, and
close communication between the treating physician and
cardiac rehabilitation team may promote long-term behav-
ioral change.695,696 Alternative delivery approaches, including
home exercise, internet-based, and transtelephonic monitor-
ing/supervision, can be implemented effectively and safely
for carefully selected clinically stable patients.668,699

Witt et al.700 examined the association of participation in
cardiac rehabilitation with survival in Olmstead County, Minne-
sota, and found that participants had a lower risk of death and
recurrent MI at 3 years (p less than 0.001 and p � 0.049,
respectively). The survival benefit associated with participation
was stronger in more recent years.700 In this study, half of the

eligible patients participated in cardiac rehabilitation after MI,
although women and older adult patients were less likely to
participate, independent of other characteristics.

A pooled-effect estimate for total mortality for the
exercise-only intervention demonstrated a reduction in all-
cause mortality (random effects model OR 0.73 [95% CI 0.54
to 0.98]) compared with usual care. Comprehensive cardiac
rehabilitation reduced all-cause mortality, although to a lesser
degree (OR 0.87 [95% CI 0.71 to 1.05]). Neither of the
interventions had an effect on the occurrence of nonfatal MI.
The authors concluded that exercise-based cardiac rehabili-
tation appeared to be effective in reducing cardiac deaths but
that it was still unclear whether an exercise-only or a
comprehensive cardiac rehabilitation intervention was more
beneficial. The population studied was predominantly male,
middle-aged, and low risk. The authors suggested that those
who could have benefited from the intervention might have
been excluded owing to age, gender, or comorbidity. The
authors cautioned that the results were of limited reliability
because the quality of reporting in the studies was generally
poor, and there were high losses to follow-up.698

Cardiac rehabilitation comprising exercise training and
education, counseling, and behavioral interventions
yielded improvements in exercise tolerance with no sig-
nificant cardiovascular complications, improvements in
symptoms (decreased anginal pain and improved symp-
toms of HF such as shortness of breath and fatigue), and
improvements in blood lipid levels; reduced cigarette
smoking in conjunction with a smoking cessation program;
decreased stress; and improved psychosocial well-being.668

In addition to reductions in total cholesterol and LDL-C,
increases in HDL-C levels occur.701

Cardiac rehabilitation has been reported to improve prognosis
after MI in a cost-effective manner.702,703 In current practice,
referrals for cardiac rehabilitation are more frequent after bypass
surgery and less frequent after PCI for UA/NSTEMI.704 Benefits
of rehabilitation after uncomplicated UA/NSTEMI with revas-
cularization and modern medical therapy are less clear in
comparison with STEMI or complicated NSTEMI.

Existing community studies reveal that fewer than one
third of patients with MI receive information or counseling
about cardiac rehabilitation before being discharged from the
hospital.668,705 Only 16% of patients in a study of 5 hospitals
in 2 Michigan communities were referred to a cardiac
rehabilitation program at discharge, and only 26% of the
patients later interviewed in the community reported actual
participation in such a program; however, 54% of the patients
referred at discharge did participate at the time of their
follow-up interview.705 Physician referral was the most pow-
erful predictor of patient participation in a cardiac rehabili-
tation program. In a longitudinal study of the use of inpatient
cardiac rehabilitation in 5,204 Worcester, Mass, residents
hospitalized with MI in seven 1-year periods between 1986
and 1997, patients not referred to inpatient cardiac rehabili-
tation were less likely to be prescribed effective cardiac
medications and to undergo risk factor modification counsel-
ing before discharge.706

Patient reasons for nonparticipation and noncompliance
include affordability of service, insurance coverage/noncov-
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erage, social support from a spouse or other caregiver,
gender-specific attitudes, patient-specific internal factors
such as anxiety or poor motivation, and logistical and
financial constraints, or a combination of these factors.688,705

Women and the elderly are referred less frequently to cardiac
rehabilitation programs, even though they derive benefit from
them.38,707–710 Health care systems should consider instituting
processes that encourage referral of appropriate patients to
cardiac rehabilitation/secondary prevention programs (for
example, the use of standardized order sets that facilitate this,
such as the AHA “Get with the Guidelines” tools). In
addition, it is important that referring health care practitioners
and cardiac rehabilitation teams communicate in ways that
promote patient participation. Of note, Medicare coverage for
rehabilitation recently was expanded beyond post-MI, post-
CABG, and stable angina to include PCI.711

5.5. Return to Work and Disability
Return-to-work rates after MI, which currently range from
63%712 to 94%,713 are difficult to influence because they are
confounded by factors such as job satisfaction, financial
stability, and company policies.714 In PAMI (Primary Angio-
plasty in Myocardial Infarction)-II, a study of primary PTCA
in low-risk patients with MI (i.e., age less than 70 years,
ejection fraction greater than 0.45, 1- or 2-vessel disease, and
good PTCA result), patients were encouraged to return to
work at 2 weeks.715 The actual timing of return to work was
not reported, but no adverse events occurred as a result of this
strategy.

Cardiac rehabilitation programs after MI can contribute to
reductions of mortality and improved physical and emotional
well-being (see Section 5.4). Patients whose expectations for
return to work were addressed in rehabilitation returned to
work at a significantly faster rate than the control group in a
prospective study.716

Lower or absent levels of depressive symptoms before MI
increases the odds of recovery of functional status.717 Patients
with high pre-event functional independence measurement
have a shorter length of stay and a greater likelihood of
discharge to home.718 Pre-event peak aerobic capacity and
depression score are the best independent predictors of
postevent physical function. Women tend to have lower
physical function scores than men of similar age, depression
score, and comorbidity. Resting LVEF is not a predictor of
physical function score.

Patients cardiac functional states are not a strong pre-
dictor of their probability of returning to work. Diabetes,
older age, Q-wave MI, and preinfarction angina are asso-
ciated with failure to resume full employment.719 However,
psychological variables such as trust, job security, patient
feelings about disability, expectations of recovery by both
physician and patient, and degree of somatizing are more
predictive.720,721 Physical requirements of the job play a
role as well.719,721

To aid occupational physicians in making return-to-
work decisions, Froom et al.719 studied the incidence of
post- MI events at 1, 2, 4, 6, 9, and 12 months. Events
included cardiac death, recurrent infarction, CHF, and UA.

They found that the incidence of events reached a low
steady state at 10 weeks.

Return to work can be determined by employer regulations
rather than by the patients medical condition. It behooves the
physician to provide data to prove that the patients job does
not impose a prohibitive risk for a cardiac event. An example
is the case of Canadian bus drivers reported by Kavanagh et
al..722 These patients were evaluated with a stress test. The
physician and technologist studied the drivers at work and
showed that the cardiac stress values during driving were
only half of the average values obtained in the stress
laboratory. The calculated risk of sudden cardiovascular
incidents causing injury or death to passengers, other road
users, and the drivers themselves in the first year after
recovery from an MI was 1 in 50,000 driving-years. The bus
drivers were allowed to return to work after they satisfied the
Canadian Cardiovascular Society guidelines.

Covinsky et al.723 performed a mail survey study of
patients with MIs. Three months after discharge, women
reported worse physical and mental health and were more
likely to work less than before the MI. Similarly, women
were less likely to return to work than men. Contemporary
information specific to UA/NSTEMI on return to work by
gender is needed.

The current aggressive interventional treatment of ACS
will have an impact on mortality, morbidity, and hospital
length of stay.724 It remains to be determined whether earlier
improvement in cardiac condition after ACS will have an
effect on the rate of return to work because of the multiple
noncardiac factors that influence disability and return to
work.

5.6. Other Activities
In patients who desire to return to physically demanding
activities early, the safety of the activity can be determined by
comparing performance on a graded exercise test with the
MET level required for the desired activity. Table 23 presents
energy levels, expressed in METS, required to perform a
variety of common activities.725 This and similar tables can
be helpful in translating a patients performance on a graded
exercise test into daily activities that can be undertaken with
reasonable safety.

The health care provider should provide explicit advice
about when to return to previous levels of physical activity,
sexual activity, and employment. Daily walking can be
encouraged immediately.726 In stable patients without com-
plications (Class I), sexual activity with the usual partner can
be resumed within 1 week to 10 d. Driving can begin 1 week
after discharge if the patient is judged to be in compliance
with individual state laws. Each states Department of Motor
Vehicles or its equivalent has mandated certain criteria,
which vary from state to state and must be met before
operation of a motor vehicle after serious illness.727 These
include such caveats as the need to be accompanied and to
avoid stressful circumstances such as rush hour, inclement
weather, night driving, heavy traffic, and high speeds. For
patients who have experienced a complicated MI (one that
required CPR or was accompanied by hypotension, serious
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arrhythmias, high-degree block, or CHF), driving should be
delayed 2 to 3 weeks after symptoms have resolved.

Most commercial aircraft are pressurized to 7,500 to 8,000
feet and therefore could cause hypoxia due to the reduced
alveolar oxygen tension. The maximum level of pressuriza-
tion is limited to 8,000 feet (2440 m) by Federal Aviation
Administration regulation.728 Therefore, air travel within the
first 2 weeks of MI should be undertaken only if there is no
angina, dyspnea, or hypoxemia at rest or fear of flying. The
individual must have a companion, must carry NTG, and
must request airport transportation to avoid rushing and
increased cardiac demands. Availability of an emergency
medical kit and automated external defibrillator has been
mandated as of April 12, 2004,729 in all aircraft that carry at

least approximately 30 passengers and have at least 1 flight
attendant.

Patients with UA (i.e., without infarction) who are revas-
cularized and otherwise stable may accelerate return to work,
driving, flying, and other normal activities (often, within a
few days).

5.7. Patient Records and Other
Information Systems
Effective medical record systems that document the course
and plan of care should be established or enhanced. Both
paper-based and electronic systems that incorporate
evidence-based guidelines of care, tools for developing cus-
tomized patient care plans and educational materials, and

Table 23. Energy Levels Required to Perform Some Common Activities

Less Than 3 METS 3–5 METS 5–7 METS 7–9 METS More Than 9 METS

Self-Care

Washing
Shaving
Dressing
Desk work
Washing dishes
Driving auto
Light housekeeping

Cleaning windows
Raking
Power lawn mowing
Bed making/stripping
Carrying objects (15 to 30 lb)

Easy digging in garden
Level hand lawn mowing
Climbing stairs (slowly)
Carrying objects (30 to 60 lb)

Sawing wood
Heavy shoveling
Climbing stairs (moderate

speed)
Carrying objects (60 to 90 lb)

Digging vigorously

Carrying loads upstairs
(objects more than
90 lb)

Climbing stairs
(quickly)

Shoveling heavy snow

Occupational

Sitting
(clerical/
assembly)

Typing
Desk work
Standing (store
clerk)

Stocking shelves (light
objects)

Auto repair
Light welding/carpentr

Carpentry (exterior)
Shoveling dirt
Sawing wood
Operating pneumatic tools

Digging ditches (pick and
shovel)

Forestry
Farming

Lumber jack
Heavy laborer
Shoveling (heavy)

Recreational

Golf (cart)
Knitting
Hand sewing

Dancing (social)
Golf (walking)
Sailing
Tennis (doubles)
Volleyball (6 persons)
Table tennis
Marital sex

Badminton (competitive)
Tennis (singles)
Snow skiing (downhill)
Light backpacking
Basketball
Football
Stream Fishing

Canoeing
Mountain climbing
Paddle ball
Walking (5 mph)
Running (12 min. mile)
Mountain or rock climbing
Soccer

Handball
Football (competitive)
Squash
Ski touring
Vigorous basketball
(game)

Physical Conditioning

Walking (2 mph)
Stationary bike
Very light
calisthenics

Level walking (3–4 mph)
Level biking (6–8 mph)
Light calisthenics

Level walking (4.5–5.0 mph)
Bicycling (9–10 mph)
Swimming, breast stroke

Level jogging (5 mph)
Swimming (crawl stroke)
Rowing machine
Heavy calisthenics
Bicycling (12 mph)

Running (more than 6
mph)

Bicycling (more than
13 mph)

Rope jumping
Walking uphill (5 mph)

Adapted with permission from Haskell WL. Design and implementation of cardiac conditioning program. In: Wenger NL, Hellerstein HK, editors. Rehabilitation of
the Coronary Patient. New York, NY: Churchill Livingstone, 1978.725

METS � metabolic equivalents; mph � miles per hour.
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capture of data for appropriate standardized quality measure-
ments should be implemented and used routinely. Examples
of such tools are the ACCs “Guidelines Applied in Practice”
and the AHAs “Get With the Guidelines.” All computerized
provider order entry (CPOE) systems should incorporate
these attributes as well. In some settings, the regular and
consistent use of such systems and tools has been shown to
significantly improve quality of care and patient safety. The
patients medical record from the time of hospital discharge
should indicate the discharge medical regimen, the major
instructions about postdischarge activities and rehabilitation,
and the patients understanding and plan for adherence to the
recommendations. After resolution of the acute phase of
UA/NSTEMI, the medical record should summarize cardiac
events, current symptoms, and medication changes since
hospital discharge or the last outpatient visit and should
document the plan for future care. Processes for effective and
timely transfer of relevant prehospital and postdischarge
patient information between all participating caregivers
should be continuously enhanced in accordance with existing
regulatory standards. This should include providing all pa-
tients with the tools to facilitate access to and understanding
of the nature and importance of their most current plan of
care. With the increasing numbers of patients who have
regular access to the Internet, awareness of online informa-
tion reflecting current evidence-based and professionally
developed standards of care should be encouraged and
promoted. Several sites with reliable health care information
relevant to UA/NSTEMI are available to patients (http://
www.heartauthority.com; http://www.nhlbi.nih.gov/health/
dci/index.html; http://www.nlm.nih.gov/medlineplus/tutorial.
html; http://www.fda.gov/hearthealth/index.html).

6. Special Groups
6.1. Women

Recommendations

Class I
1. Women with UA/NSTEMI should be managed with

the same pharmacological therapy as men both in the
hospital and for secondary prevention, with attention
to antiplatelet and anticoagulant doses based on weight
and renal function; doses of renally cleared medica-
tions should be based on estimated creatinine clear-
ance. (Level of Evidence: B)

2. Recommended indications for noninvasive testing in
women with UA/NSTEMI are similar to those for men.
(Level of Evidence: B)

3. For women with high-risk features, recommendations
for invasive strategy are similar to those of men. See
Section 3.3. (Level of Evidence: B)

4. In women with low-risk features, a conservative strat-
egy is recommended. (Level of Evidence: B)

Although at any age, women have a lower incidence of CAD
than men, they account for a considerable proportion of UA/
NSTEMI patients, and UA/NSTEMI is a serious and common
condition among women. It is important to overcome long-held
notions that severe coronary manifestations are uncommon in

this population; however, women can manifest CAD somewhat
differently than men.679 Women who present with chest discom-
fort are more likely than men to have noncardiac causes and
cardiac causes other than fixed obstructive coronary artery
stenosis. Other cardiac causes include coronary vasospasm,
abnormal vasodilator reserve, and other mechanisms.679,731–733

Women with CAD are, on average, older than men and are more
likely to have comorbidities such as hypertension, diabetes
mellitus, and HF with preserved systolic function; to manifest
angina rather than MI; and, among angina and MI patients, to
have atypical symptoms.150,734–736

6.1.1. Profile of UA/NSTEMI in Women
Considerable clinical information about UA/NSTEMI in
women has emerged from many randomized trials and
registries.150,552,554,734,737 As in other forms of CAD, women
are older and have more comorbidities (diabetes mellitus and
hypertension) and stronger family histories than men.150,734–736

Women are less likely to have had a previous MI or cardiac
procedures,734 more likely to have a history of HF, but less
likely to have LV systolic dysfunction. Women present with
symptoms of similar frequency, duration, and pattern, but
more often than men, they have anginal-equivalent symptoms
such as dyspnea or atypical symptoms.72,141,738 The frequency
of ST-segment changes is similar to that for men, but women
more often have T-wave inversion. There are notable differ-
ences in the profiles of cardiac biomarkers for women and
men, with a consistent finding in trials and registries that
women less often have elevated levels of tro-
ponin.552,554,565,737 In an analysis of TACTICS-TIMI 18,
women also less often had elevation of CK-MB; however,
women more often had increased levels of high-sensitivity
CRP or BNP than men. Importantly, the prognostic value of
elevated biomarkers is similar in men and women.739 Coro-
nary angiograms in both trials and registries revealed less
extensive CAD in women, as well as a higher proportion with
nonobstructive CAD. The rate of nonobstructive CAD can be
as high as 37% despite selection of women according to strict
inclusion criteria in clinical trials.150,554

A differing symptom pattern in women than men, the lower
frequency of positive cardiac biomarkers despite high rates of
ST-T abnormalities on the ECG, and the higher frequency of
nonobstructive CAD in women make it challenging to con-
firm the diagnosis of UA/NSTEMI. This is a likely cause of
underutilization of several therapies in women compared with
men.737 There are important mechanisms of ischemic chest
pain other than platelet/thrombus aggregates on plaque ero-
sion or ulceration in women (see Section 6.8). Although some
studies report that female sex is a risk factor for poor outcome
in UA/NSTEMI on the basis of unadjusted event rates,,72,737

multivariate models have not found female sex to be an
independent risk factor for death, reinfarction, or recurrent
ischemia. This is in contrast to an apparent independent risk
of death for women compared with men with STEMI,
particularly for younger women.

6.1.2. Management

6.1.2.1. Pharmacological Therapy
In studies that span the spectrum of CAD, women tend to
receive less intensive pharmacological treatment than
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men,734,737,740 perhaps in part because of a general perception
of lower frequency and severity of CAD in women. Although
the specifics vary regarding beta blockers and other
drugs,150,734,741 a consistent (and disturbing) pattern is that
women are prescribed ASA and other antithrombotic agents
less frequently than men.150,737,740 Women derive the same
treatment benefit as men from ASA, clopidogrel,54 anticoag-
ulants, beta blockers, ACE inhibitors, and statins.54,742 A
meta-analysis of GP IIb/IIIa antagonists in ACS demon-
strated an interaction between sex and treatment effect, with
an apparent lack of efficacy in women;526 however, women
with elevated troponin levels received the same beneficial
effect as men treated with GP IIb/IIIa antagonists. The
findings of a beneficial effect of a direct invasive strategy in
women treated with a GP IIb/IIIa antagonist in TACTICS-
TIMI 18 (see Section 6.1.2.3) further supports the similar
efficacy of these agents in this cohort of women and men.

Despite the clear benefit of antiplatelet and anticoagulant
therapy for women with ACS, women are at increased risk of
bleeding. A low maintenance dose of ASA (75 to 162 mg)
should be used to reduce the excess bleeding risk, especially
in combination with clopidogrel.54 Estimated creatinine clear-
ance instead of serum creatinine levels should guide decisions
about dosing and the use of agents that are renally cleared,
e.g., LMWHs and the small-molecule GP IIb/IIIa antagonists.
In a large community-based registry study, 42% of patients
with UA/NSTEMI received excessive initial dosing of at least
1 antiplatelet or anticoagulant agent (UFH, LMWH, or GP
IIb/IIIa inhibitor).743 Female sex, older age, renal insuffi-
ciency, low body weight, and diabetes were predictors of
excessive dosing. Dosing errors predicted an increased risk of
major bleeding.743 The formula used to estimate creatinine
clearance for dose adjustment in clinical studies and labeling
that defines adjustments for several medications have been
based on the Cockroft-Gault formula for estimating creatinine
clearance, which is not identical to the Modification of Diet
and Renal Disease (MDRD) formula recently recommended
for screening for renal disease,744 either in units or cutpoints
for adjustment. Weight-based adjustment of medication doses
also should be applied carefully where recommended.

The use of hormone therapy in postmenopausal women is
discussed in Section 5.2.17.

6.1.2.2. Coronary Artery Revascularization
Contemporary studies have cast doubt on the widely held
belief that women fare worse with PCI and CABG than do
men because of technical factors (e.g., smaller artery size,
greater age, and more comorbidities).150,735,742,745–749 In the
case of PCI, it has been suggested that angiographic success
and late outcomes are similar in women and men, although in
some series, early complications occurred more frequently in
women.745,746,750–753 However, the outlook for women under-
going PCI appears to have improved, as evidenced by the
NHLBI PTCA registry.754 Earlier studies of women under-
going CABG showed that women were less likely to receive
internal mammary arteries or complete revascularization and
had a higher mortality rate (RR 1.4 to 4.4) than men.748,749,755

However, more recent studies of CABG in patients with ACS

show a more favorable outlook for women than previously
thought (see Section 6.3).756,757,757a

A Mayo Clinic review of 3,014 patients (941 women) with
UA who underwent PCI reported that women had similar
early and late results as men.735 The BARI trial of 1,829
patients compared PTCA and CABG, primarily in patients
with UA, and showed that the results of revascularization
were, if anything, better in women than men when corrected
for other factors. At an average 5.4-year follow-up, mortality
rates for men and women were 12% and 13%, respectively,
but when adjusted for baseline differences (e.g., age, diabetes,
and other comorbidities), there was a lower risk of death (RR
0.60, 95% CI 0.43 to 0.84, p � 0.003) but a similar risk of
death or MI (RR 0.84, 95% CI 0.66 to 1.07, p � 0.16) in
women compared with men.755 The NHLBI Dynamic Regis-
try has reported improved outcomes for women who under-
went PCI in 1997 to 1998 compared with 1985 to 1986.
Compared with men, women had similar procedural success,
in-hospital death, MI, and CABG.754 Although the 1-year
event rate was higher for women, female sex was not
independently associated with death or MI because women
tended to be older and had more comorbidities. A prospective
study of 1,450 patients with UA/NSTEMI who underwent an
indirect or direct invasive strategy with coronary stenting
reported that female sex was independently associated with a
lower rate of death and MI (HR 0.51, 95% CI 0.28 to 0.95).553

6.1.2.3. Initial Invasive Versus Initial Conservative Strategy
In the modern era, clinical trials assessing a direct invasive
strategy compared with an initial conservative strategy for the
management of UA/NSTEMI have consistently demonstrated a
benefit for men.552,554,565 Approximately one third of the cohorts
in these trials were women (n � 2,179), and the results on the
efficacy and safety of a direct invasive strategy in women have
been conflicting. Each trial was underpowered to evaluate the
subgroup of women, and there were substantial differences
among the trials (Table 24). A meta-analysis of trials in the era
of stents and GP IIb/IIIa antagonists has failed to show a survival
benefit of a direct invasive strategy in women at 6 to 12 months
(OR for women 1.07, 95% CI 0.82 to 1.41; OR for men 0.68,
95% CI 0.57 to 0.81).542

In TACTICS-TIMI 18, there was a significant reduction in the
primary end point of death, nonfatal MI, or rehospitalization for
an ACS with a direct invasive strategy (OR 0.45, 95% CI 0.24
to 0.88, p � 0.02).182 All subjects in this trial (n � 754) were
treated with an early GP IIb/IIIa antagonist (tirofiban). A similar
overall reduction in the primary composite end point of death,
MI, or rehospitalization for ACS at 6 months was observed for
women and men (adjusted OR 0.72, 95% CI 0.47 to 1.11 and
adjusted OR 0.64, 95% CI 0.47 to 0.88, respectively). Women
were older, more frequently had hypertension, and less fre-
quently had previous MI, CABG, and elevated cardiac biomark-
ers (p less than 0.001 for all), but there was no significant
difference in TIMI risk score distribution by sex (p � 0.76).565

A similar reduction in composite risk was observed in women
with intermediate (3 to 4) or high (5 to 7) TIMI risk scores as in
men. However, in contrast to men with a low TIMI risk score
who had similar outcomes with an invasive and conservative
strategy, low-risk women had an OR for events of 1.59 (95% CI

e526 Circulation May 10, 2011

 by guest on M
ay 29, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


Ta
bl

e
24

.
In

va
si

ve
Ve

rs
us

Co
ns

er
va

tiv
e

St
ra

te
gy

Re
su

lts
fo

r
UA

/N
ST

EM
Ib

y
Ge

nd
er

St
ud

y
(R

ef
er

en
ce

)
Ti

m
in

g
En

d
Po

in
t

Ov
er

al
lR

es
ul

t
Re

su
lts

in
M

en
Re

su
lts

in
W

om
en

Co
m

m
en

t

TA
CT

IC
S-

TI
M

I1
818

2,
56

5
20

02
n

�
22

20
34

%
fe

m
al

e

An
gi

og
ra

ph
y

4
to

48
h

De
at

h,
M

I
30

d
In

v:
4.

7%
Co

ns
:

7.
0%

,
p

�
0.

02
AR

R�
2.

3%
6

m
on

th
s

In
v:

7.
3%

Co
ns

:
9.

5%
OR

�
0.

74
(9

5%
CI

0.
54

to
1.

00
)

AR
R�

2.
2%

6
m

on
th

s
In

v:
7.

6%
Co

ns
:

9.
4%

OR
�

0.
68

(9
5%

CI
0.

43
to

1.
05

)
AR

R
�

1.
8%

6
m

on
th

s
In

v:
6.

6%
Co

ns
:

9.
7%

OR
�

0.
45

(9
5%

CI
0.

24
to

0.
88

)
AR

R
�

3.
1%

Be
ne

fit
gr

ea
te

r
in

w
om

en
w

ith
hi

gh
cT

nT
;

OR
�

0.
47

(9
5%

CI
0.

26
to

0.
83

)
fo

r
de

at
h,

M
I,

an
d

re
ho

sp
ita

liz
at

io
n

RI
TA

-3
75

8
20

02
n

�
18

10
38

%
fe

m
al

e

An
gi

og
ra

ph
y

w
ith

in
48

h
De

at
h,

M
I,

re
fra

ct
or

y
an

gi
na

De
at

h,
M

I

4
m

on
th

s
In

v:
9.

6%
Co

ns
:

14
.5

%
,

p
�

0.
00

1
RR

�
0.

66
(9

5%
CI

0.
51

to
0.

85
)

AR
R

�
4.

9%
1

ye
ar

In
v:

7.
0%

Co
ns

:
8.

3%
,

p
�

0.
58

RR
�

0.
91

(9
5%

CI
0.

67
to

1.
25

)
AR

R
�

0.
7%

4
m

on
th

s
In

v:
8.

8%
Co

ns
:

17
.3

%
AR

R
�

8.
5%

1
ye

ar
In

v:
7.

0%
Co

ns
:

10
.1

%
Ar

r�
3.

1%

4
m

on
th

s
In

v:
10

.9
%

Co
ns

:
9.

6%
,

p
�

NS
AR

R
�

�
1.

3%
1

ye
ar

In
v:

8.
6%

Co
ns

:
5.

1%
AR

R
�

�
3.

5%

An
gi

na
re

du
ce

d
w

ith
in

va
si

ve
st

ra
te

gy

FR
IS

C
II24

5,
54

9,
55

2
19

99
n

�
24

57
30

%
fe

m
al

e

Re
va

sc
ul

ar
iz

at
io

n
w

ith
in

7
d

De
at

h,
M

I
6

m
on

th
s

In
v:

9.
4%

Co
ns

:
12

.1
%

,
p

�
0.

3
AR

R
�

2.
7%

1
ye

ar
In

v:
10

.4
%

Co
ns

:
14

.1
%

,
p

�
0.

00
5

AR
R

�
3.

7%

1
ye

ar
In

v:
9.

6%
Co

ns
:

15
.8

%
p

le
ss

th
an

0.
00

1
AR

R
�

6.
2%

6
m

on
th

s
In

v:
10

.5
%

Co
ns

:
8.

3%
,

RR
�

1.
26

(9
5%

CI
0.

80
to

1.
97

)
AR

R
�

�
1.

9%
1

ye
ar

In
v:

12
.4

%
Co

ns
:

10
.5

%
,

p
�

NS
AR

R
�

�
1.

9%

M
or

ta
lit

y
be

ne
fit

at
1

ye
ar

(2
.2

%
vs

.
3.

9%
)

AR
R

�
1.

7%
p

�
0.

02
,

no
t

se
en

in
w

om
en

(4
%

vs
.

3.
3%

)
AR

R
�

0.
7%

TI
M

I-I
IIB

(1
50

)
19

97
n

�
14

23
34

%
fe

m
al

e

An
gi

og
ra

ph
y

1
to

48
h

De
at

h,
M

I
1

ye
ar

In
v:

10
.8

%
Co

ns
:

12
.2

%
,

p
�

0.
42

AR
R

�
1.

4%

De
at

h
at

6
w

ee
ks

In
v:

2.
6%

Co
ns

:
1.

4%
AR

R
�

�
1.

2%
M

Ia
t

6
w

ee
ks

In
v:

5.
5%

Co
ns

:
6.

0%
AR

R
�

0.
5%

De
at

h
at

6
w

ee
ks

In
v:

2%
Co

ns
:

4.
4%

AR
R

�
2.

4%
M

Ia
t

6
w

ee
ks

In
v:

4.
4%

Co
ns

:
5.

2%
AR

R
�

0.
8%

In
va

si
ve

ly
tre

at
ed

pa
tie

nt
s

ha
d

le
ss

an
gi

na
an

d
fe

w
er

re
ho

sp
ita

liz
at

io
ns

fo
r

is
ch

em
ia

Re
pr

od
uc

ed
w

ith
pe

rm
is

si
on

fro
m

Pe
rc

ut
an

eo
us

Co
ro

na
ry

In
te

rv
en

tio
n

an
d

Ad
ju

nc
tiv

e
Ph

ar
m

ac
ot

he
ra

py
in

W
om

en
:

A
St

at
em

en
t

fo
r

He
al

th
ca

re
pr

of
es

si
on

al
s

fro
m

th
e

Am
er

ic
an

He
ar

t
As

so
ci

at
io

n
©

20
05

,
Am

er
ic

an
He

ar
t

As
so

ci
at

io
n,

In
c.

74
2 .

AC
S

�
ac

ut
e

co
ro

na
ry

sy
nd

ro
m

e;
AR

R
�

ab
so

lu
te

ris
k

re
du

ct
io

n;
CI

�
co

nf
id

en
ce

in
te

rv
al

;C
on

s
�

co
ns

er
va

tiv
e;

cT
nT

�
ca

rd
ia

c
tro

po
ni

n
T;

FR
IS

C
II

�
Fa

st
Re

va
sc

ul
ar

iz
at

io
n

du
rin

g
In

St
ab

ili
ty

in
Co

ro
na

ry
ar

te
ry

di
se

as
e-

II;
In

v
�

in
va

si
ve

;
M

I�
m

yo
ca

rd
ia

li
nf

ar
ct

io
n;

n
�

nu
m

be
r

of
pa

tie
nt

s;
NS

�
no

ns
ig

ni
fic

an
t;

NS
TE

M
I�

no
n–

ST
-s

eg
m

en
t

el
ev

at
io

n
M

I;
OR

�
od

ds
ra

tio
;

PT
CA

�
pe

rc
ut

an
eo

us
tra

ns
lu

m
in

al
co

ro
na

ry
an

gi
op

la
st

y;
RI

TA
-3

�
Th

ird
Ra

nd
om

iz
ed

In
te

rv
en

tio
n

Tr
ea

tm
en

t
of

An
gi

na
;R

R
�

ris
k

ra
tio

;T
AC

TI
CS

-T
IM

I1
8

�
Tr

ea
t

An
gi

na
w

ith
Ag

gr
as

ta
t

an
d

de
te

rm
in

e
Co

st
of

Th
er

ap
y

w
ith

In
va

si
ve

or
Co

ns
er

va
tiv

e
St

ra
te

gy
–T

hr
om

bo
ly

si
s

In
M

yo
ca

rd
ia

lI
nf

ar
ct

io
n

18
;

TI
M

II
IIB

�
Th

ro
m

bo
ly

si
s

In
M

yo
ca

rd
ia

lI
nf

ar
ct

io
n

III
;

UA
�

un
st

ab
le

an
gi

na
.

Anderson et al ACCF/AHA UA/NSTEMI Guideline Revision e527

 by guest on M
ay 29, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


0.69 to 3.67) for the invasive compared with the conservative
strategy.565 However, the number of events was small (n � 26
events), and the p value for interaction between strategy, TIMI
risk score, and sex on outcome did not achieve significance (p �
0.09). An elevated biomarker, including BNP, CRP, CK-MB,
and troponin, also identified women (and men) who benefited
differentially from a direct invasive strategy. The reduction in
risk was enhanced in women with elevated TnT levels (adjusted
OR 0.47, 95% CI 0.26 to 0.83), with a similar reduction in the
primary end point noted for women and men with elevated
troponin. However, in contrast to the similar outcome for the
invasive versus conservative strategy in men with a negative
TnT marker (OR 1.02, 95% CI 0.64 to 1.62, p � 0.04), the
primary end point of death, MI, and rehospitalization occurred
significantly more frequently in women with negative troponin
randomized to an invasive strategy (OR 1.46, 95% CI 0.78 to
2.72).565

The RITA-3 trial enrolled 682 women (38% of 1,810
patients).758 There was a significant interaction between sex
and treatment strategy (invasive versus conservative) on
outcome in RITA-3 (p � 0.042). In contrast to a reduction in
death or MI for men assigned to an invasive strategy, the HR
for women was 1.09. Women assigned to an initial conser-
vative strategy had a lower rate of death and MI (5.1%) at 1
year than the women enrolled in TACTICS-TIMI 18 (9.7% at
6 months). Consistent with this difference, 37% of women in
RITA-3 had no significant obstructive CAD, compared with
17% of women in TACTICS-TIMI 18.759 Other notable
differences between RITA-3 and TACTICS-TIMI 18 include
routine use of GP IIb/IIIa antagonist in TACTICS-TIMI 18
and different criteria for the MI end point in both the
conservative and the invasive treatment groups. The RITA-3
investigators have reported that the rates of death and MI for
women are 11.1% and 12.7% in the conservative versus
invasive strategy, respectively, that is, not significantly dif-
ferent, when there was a lower threshold for cardiac marker
diagnosis of MI among the conservatively treated group.554

In the only trial that showed an overall survival benefit for an
invasive strategy, FRISC-II, there was a significant interaction in
outcome between treatment strategy, which included a system-
atic but delayed interventional approach within 7 d of symptom
onset, and sex.549,552 Thirty percent of the 2,457 enrolled patients
were women, and the death and MI rate at 1 year was
nonsignificantly higher for invasively treated versus conserva-
tively treated women, in contrast to a large reduction in death
and MI for men. Female sex was independently associated with
events in the invasively assigned patients. However, the poor
outcome of women was largely driven by a 9.9% death rate at 1
year in women who underwent CABG. In contrast, the death rate
for women who underwent PCI in the invasive strategy group
was similar to that of men (1.5% vs. 1.0%; RR 1.50, 95% CI
0.27 to 8.28; p � nonsignificant [NS]).

In summary, women with UA/NSTEMI and high-risk
features, including elevated cardiac biomarkers, appear to
benefit from an invasive strategy with early intervention and
adjunctive GP IIb/IIIa antagonist use. There is no benefit of a
direct invasive strategy for low-risk women, and the weight
of evidence from the recent randomized clinical trials sug-
gests that there may be excess risk associated with a direct

invasive strategy in this group. The challenges in the diagno-
sis of UA/NSTEMI and the varied pathophysiology of ische-
mic pain in women who present with rest discomfort suggest
that perhaps the excess risk of a direct invasive strategy
observed in low-risk women could be due to intervention on
a stable incidental coronary lesion in a woman with another
mechanism for rest pain.

6.1.3. Stress Testing
In general, ECG exercise testing is less predictive in women than
in men, primarily because of the lower pretest probability of
CAD.581,760–762 Perfusion studies using sestamibi have good
sensitivity and specificity in women.763 Breast attenuation is less
of a problem than previously with thallium-201 stress testing
with new tissue software. Stress echocardiography (dobutamine
or exercise) is therefore an accurate and cost-effective technique
for CAD detection in women.581 Newer perfusion methods such
as adenosine-stress CMR also appear to be promising in women.
Cardiac magnetic resonance imaging (for function, perfusion,
and viability) and multislice CCTA are 2 new diagnostic
modalities that could prove particularly useful in women be-
cause of their promise of both greater sensitivity and specificity
(improved diagnostic accuracy). Evidence of ischemia by objec-
tive measures without obstructive CAD carries an adverse
prognosis4,764 and is suggestive of vascular dysfunction (coro-
nary endothelial or microvascular dysfunction) as an etiological
mechanism.

Recommendations for noninvasive testing in women are
the same as in men (see Section 3.4).733,764 A report of 976
women who underwent treadmill exercise suggests that the
Duke Treadmill Score provides accurate diagnostic and
prognostic estimates in both women and men.765 The Duke
Treadmill Score actually performed better for women than for
men in the exclusion of CAD. There were fewer low-risk
women than men with any significant CAD (at least 1 vessel
with greater than 75% stenosis; 20% in women vs. 47% in
men, p less than 0.001).

Regarding dobutamine stress echocardiography, pilot
phase data from the Womens Ischemia Syndrome Evaluation
(WISE) indicated that in women, the test reliably detects
multivessel disease (sensitivity 81.8%, similar to that in men)
but not 1-vessel disease.766 Several studies have indicated that
women with positive stress tests tend not to be evaluated as
aggressively as men,741 which is inappropriate given the
adverse prognosis of ischemia as demonstrated in WISE and
other studies.733,767–774

In the TIMI IIIB registry, women underwent exercise
testing in a similar proportion as men.150,734 The frequencies
of stress test positivity were also similar, although women
were less likely to have a high-risk stress test result. More-
over, women were less likely to undergo angiography (RR
0.71, p less than 0.001), perhaps because of the lower
percentage with high-risk test results on noninvasive testing.

6.1.4. Conclusions
Women with UA/NSTEMI are older and more frequently
have comorbidities compared with men but have more
atypical presentations and appear to have less severe and less
extensive obstructive CAD. Women receive ASA less fre-
quently than do men, but patients with UA/NSTEMI of either
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sex benefit from and should receive this agent, as well as
other Class I recommended agents. Doses should be adjusted
on the basis of weight and estimated creatinine clearance for
renally cleared drugs for all recommended agents when
appropriate. Image-enhanced stress testing has similar prog-
nostic value in women as in men.

6.2. Diabetes Mellitus (UPDATED)
For new or updated text, view the 2011 Focused Update. Text
supporting unchanged recommendations has not been up-
dated.

Recommendations

Class I
1. Medical treatment in the acute phase of UA/NSTEMI

and decisions on whether to perform stress testing,
angiography, and revascularization should be similar
in patients with and without diabetes mellitus. (Level of
Evidence: A)

2. In all patients with diabetes mellitus and UA/NSTEMI,
attention should be directed toward aggressive glyce-
mic management in accordance with current stan-
dards of diabetes care endorsed by the American
Diabetes Association and the American College of
Endocrinology. Goals of therapy should include a
preprandial glucose target of less than 110 mg per dL
and a maximum daily target of less than 180 mg per
dL. The postdischarge goal of therapy should be
HbA1C less than 7%, which should be addressed by
primary care and cardiac caregivers at every visit.
(Level of Evidence: B)

3. An intravenous platelet GP IIb/IIIa inhibitor should be
administered for patients with diabetes mellitus as
recommended for all UA/NSTEMI patients (Section
3.2). (Level of Evidence: A) The benefit may be en-
hanced in patients with diabetes mellitus. (Level of
Evidence: B)

Class IIa
1. For patients with UA/NSTEMI and multivessel dis-

ease, CABG with use of the internal mammary arteries
can be beneficial over PCI in patients being treated for
diabetes mellitus. (Level of Evidence: B)

2. Percutaneous coronary intervention is reasonable for
UA/NSTEMI patients with diabetes mellitus with
single-vessel disease and inducible ischemia. (Level of
Evidence: B)

3. In patients with UA/NSTEMI and diabetes mellitus, it
is reasonable to administer aggressive insulin therapy
to achieve a glucose less than 150 mg per dL during the
first 3 hospital (intensive care unit) days and between
80 and 110 mg per dL thereafter whenever possible.
(Level of Evidence: B)

Please see Section 4 for further explanation of revascular-
ization strategies.

6.2.1. Profile and Initial Management of Diabetic and
Hyperglycemic Patients With UA/NSTEMI
Coronary artery disease accounts for 75% of all deaths in
patients with diabetes mellitus,50,51 and approximately 20% to

25% of all patients with UA/NSTEMI have diabe-
tes.610,734,775–778 Patients with UA/NSTEMI and diabetes have
more severe CAD,776,779,780 and diabetes is an important
independent predictor for adverse outcomes (death, MI, or
readmission with UA at 1 year; RR 4.9).781–784 In addition,
many patients with diabetes who present with UA/NSTEMI
have already undergone CABG.785

Patients with diabetes tend to have more extensive non-
coronary vascular comorbidities, hypertension, LV hypertro-
phy, cardiomyopathy, and HF. In addition, autonomic dys-
function, which occurs in approximately one third of patients
with diabetes, influences heart rate and blood pressure, raises
the threshold for the perception of angina, and may be
accompanied by LV dysfunction.786–788 On coronary angiog-
raphy, patients with diabetes and UA have a greater propor-
tion of ulcerated plaques (94% vs. 60%, p � 0.01) and
intracoronary thrombi (94% vs. 55%, p � 0.004) than
patients without diabetes.789 These findings suggest a higher
risk of plaque instability.

According to American Diabetes Association standards of
care,790 the relationship of controlled blood glucose levels and
reduced mortality in the setting of MI has been demonstrated.
The American College of Endocrinology has also emphasized
the importance of careful control of blood glucose targets in the
range of 110 mg per dL preprandially to a maximum of 180 mg
per dL. In 1 study,791 admission blood glucose values were
analyzed in consecutive patients with MI. Analysis revealed an
independent association of admission blood glucose and mortal-
ity. The 1-year mortality rate was significantly lower in subjects
with admission plasma glucose less than 101 mg per dL
(5.6 mmol per liter) than in those with plasma glucose 200 mg
per dL (11 mmol per liter). In the first Diabetes and Insulin-
Glucose Infusion in Acute Myocardial Infarction (DIGAMI)
study792,793 insulin-glucose infusion followed by subcutaneous
insulin treatment in diabetic patients with MI was examined.
Mean blood glucose in the intensive insulin intervention arm
was 172.8 mg per dL (9.5 mmol per liter) compared with 211
mg per dL (11.6 mmol per liter) in the “conventional” group.
Overall, the intensive approach reduced long-term relative mor-
tality (at 3.4 years of follow-up) by 25% in the insulin-treated
group. The broad range of blood glucose levels within each arm
limits the ability to define specific blood glucose target
thresholds.

In the second DIGAMI study,794 3 treatment strategies
were compared in a randomized trial among 1,253 patients
with type 2 diabetes mellitus and suspected MI: acute
insulin-glucose infusion followed by insulin-based long-term
glucose control, insulin-glucose infusion followed by stan-
dard glucose control, and routine metabolic management
according to local practice. Blood glucose was reduced more
at 24 h in those receiving insulin-glucose infusions, but
long-term glucose control, assessed by HbA1C, did not differ
between the groups, and the fasting glucose in group 1
(8.0 mmol per liter) did not reach target (5 to 7 mmol per
liter). The primary end point of all-cause mortality between
groups 1 and 2 did not differ significantly (23.4% vs. 22.6%)
at a median of 2.1 years of follow-up. Morbidity also did not
differ among the 3 groups. Although the DIGAMI-2 regimen
of acutely introduced, long-term insulin treatment in the
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setting of suspected acute MI was not demonstrated to
incrementally reduce morbidity and mortality, epidemiologi-
cal analyses still support a strong, independent relationship
between glucose levels and long-term mortality in patients
with ischemic heart disease.794

Attainment of targeted glucose control in the setting of
cardiac surgery is associated with reduced mortality and risk
of deep sternal wound infections in cardiac surgery patients
with diabetes.795,796 This supports the concept that perioper-
ative hyperglycemia is an independent predictor of infection
in patients with diabetes mellitus, with the lowest mortality in
patients with blood glucose less than or equal to 150 mg per
dL (8.3 mmol per liter).797

A mixed group of patients with and without diabetes
admitted to a surgical intensive care unit (ICU) were random-
ized to receive intensive insulin therapy (target blood glucose
80 to 110 mg per dL [4.4 to 6.1 mmol per liter]). Achieve-
ment of a mean blood glucose of 103 mg per dL (5.7 mmol
per liter) reduced mortality during the ICU stay and decreased
overall in-hospital mortality.798 Subsequent analysis demon-
strated that for each 20-mg per dL (1.1-mmol per liter)
glucose elevation above 100 mg per dL (5.5 mmol per liter),
the risk of death during the ICU stay increased. Hospital and
ICU survival were linearly associated with ICU glucose
levels, with the highest survival rates occurring in patients
achieving an average blood glucose less than or equal to 110
mg per dL (6.1 mmol per liter).

Although beta blockers can mask the symptoms of hypo-
glycemia or lead to it by blunting the hyperglycemic re-
sponse, they nevertheless should be used with appropriate
caution in patients with diabetes mellitus and UA/NSTEMI.
Diuretics that cause hypokalemia can inhibit insulin release
and thereby worsen glucose intolerance.

Elevated blood glucose among critically ill patients even in
the absence of clinical diabetes mellitus has received recent
attention as an important risk factor for mortality.799 A
randomized trial in the surgical ICU setting800 found that
strict glycemic control with insulin reduced both morbidity
and in-hospital mortality.800 More recently, the role of inten-
sive insulin therapy in the medical ICU setting has been
studied801 in 1,200 medical ICU patients (some with CVD)
randomized to conventional therapy (insulin administered
when glucose exceeded 215 mg per dL, tapering infusion
when glucose fell below 180 mg per dl) or to intensive insulin
therapy (targeting a glucose of 80 to 110 mg per dl). Overall,
intensive insulin did not significantly reduce in-hospital
mortality, the primary end point (37.3% in the intensive
therapy arm, 40% in the conventional arm, p � 0.33), but
secondary outcomes of acquired kidney injury, time to
ventilator weaning, and ICU and hospital discharge stays
were reduced. Hypoglycemia was more common but often
consisted of a single, asymptomatic episode. However, when
analysis was restricted to the intended population of 767
patients whose ICU stay was at least 3 d, in-hospital death
was reduced from 52.5% to 43% (p � 0.009) and ICU death
from 38.1% to 31.3% (p � 0.005). In addition, secondary
outcomes of time to ventilator weaning, days to ICU dis-
charge and to hospital discharge, acquired kidney injury,
hyperbilirubinemia, and CRP levels were reduced. Pending

results of additional randomized clinical trials,802 a reason-
able approach is to apply a less aggressive glucose control
strategy during the first 3 ICU days (e.g., goal of less than 150
mg per dL) in very ill patients (e.g., with ventilators or on
parenteral feeding).803 Thereafter, and in less ill patients, a
more intensive insulin regimen could be instituted, with a
goal of normoglycemia (80 to 110 mg per dL).

6.2.2. Coronary Revascularization
Approximately 20% of all patients who undergo CABG804

and PCI746,747,750,751,779,780 have diabetes mellitus. Data re-
garding outcomes are complex. In the Coronary Artery
Surgery Study (CASS) of CABG, patients with diabetes had
a 57% higher mortality rate than patients without diabetes. A
striking advantage for CABG over PCI was found in treated
patients with diabetes in the BARI trial,776 a randomized trial
of PCI versus CABG in 1,829 stable patients with multivessel
disease, of whom 19% were patients with diabetes (see
Section 4). As in other studies, patients with diabetes mellitus
had increased comorbidity rates. Five years after randomiza-
tion, patients who required treatment for diabetes had a lower
survival rate than patients without diabetes (73.1% vs. 91.3%,
p less than 0.0001), whereas survival rates in patients without
and with diabetes who did not require hypoglycemic treat-
ment were similar (93.3% vs. 91.1%, p � NS). Outcomes for
CABG in treated patients with diabetes were far better than
those for PCI (80.6% vs. 65.5% survival, p � 0.0003). An
interesting finding was that the mortality rate during the 5.4
years of the study in patients with diabetes who received
SVGs (18.2%) was similar to that of patients who underwent
PCI (20.6%); whereas the mortality rate in patients who
received internal mammary arteries was much lower (2.9%).
Results of the Emory Angioplasty versus Surgery Trial
(EAST) at 8 years showed a similar trend but were less
conclusive.805 The increased mortality rate noted in random-
ized trials in patients with diabetes treated with PTCA has
been confirmed in a registry study from Emory University.613

Uncorrected, there was little difference in long-term mortality
rates. The CABG patients had more severe disease, and with
correction for baseline differences, there was an improved
survival rate in insulin-requiring patients with multivessel
disease who were revascularized with CABG rather than with
PCI. That the more severely diseased patients, in a nonran-
domized registry, were selectively sent more often for CABG
than for PCI probably represents good clinical decision
making.

A 9-year follow-up of the NHLBI registry showed a
similar disturbing pattern for patients with diabetes undergo-
ing PCI.779 Immediate angiographic success and complete-
ness of revascularization were similar, but compared with
patients without diabetes, patients with diabetes (who, again,
had more severe CAD and comorbidities) had increased rates
of hospital mortality (3.2% vs. 0.5%), nonfatal MI (7.0% vs.
4.1%), death and MI (10.0% vs. 4.5%), and the combined end
point of death, MI, and CABG (11% vs. 6.7%; p less than
0.01 for all). At 9 years, rates of mortality (35.9% vs. 17.9%),
MI (29% vs. 18.5%), repeat PCI (43.0% vs. 36.5%), and
CABG (37.6% vs. 27.4%) were all higher in patients with
diabetes than in those without.779
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However, as discussed in Section 4, other data point to a
lesser differential effect of PCI in patients with diabetes. For
example, data from the BARI registry varied from those of
the BARI trial. In the registry, there was no significant
difference in cardiac survival for patients with diabetes
undergoing PCI (92.5%) and CABG (94%; p � NS).615,806 In
the Duke University registry, patients with diabetes and PCI
or CABG were matched with the BARI population.807 The
outcome in patients with diabetes was worse than that without
diabetes with either CABG or PCI, but there was no differ-
ential effect by therapy. The 5-year survival rate for PCI and
CABG adjusted for baseline characteristics was 86% and
89% in patients with diabetes and 92% and 93% without
diabetes, respectively.807

Stents could improve the outcome of patients with diabetes
who undergo PCI. In a study with historical controls, the
outcome after coronary stenting was superior to that after
PTCA in patients with diabetes, and the restenosis rate after
stenting was reduced (63% vs. 36%, diabetes vs. no diabetes
with balloon PTCA at 6 months, p � 0.0002, compared with
25% and 27% with stents, p � NS).805 On the other hand,
patients with diabetes who underwent atherectomy had a
substantial restenosis rate (60% over 6 months).808 Using data
derived from the Northern New England registries, a contem-
porary BARI-like comparison of long-term survival after PCI
(64% with at least 1 stent) versus CABG found significantly
better risk-adjusted long-term survival in CABG patients with
3-vessel disease (HR � 0.60, p less than 0.01).809 Similar
benefits of CABG over PCI were demonstrated for patients
with diabetes.

Three trials have shown that abciximab considerably im-
proved the outcome of PCI in patients with diabetes. In the
EPILOG trial, abciximab resulted in a greater decline in
death/MI over 6 months after PCI in patients with diabetes
(HR 0.36, 95% CI 0.21 to 0.61) than in those without diabetes
(HR 0.60, 95% CI 0.44 to 0.83).810 Similar results have been
reported for tirofiban in the PRISM-PLUS trial.133,811 EPIS-
TENT was a randomized trial that compared stent plus
placebo with stent plus abciximab and balloon plus abcix-
imab in 2,399 patients, of whom 20.5% had diabetes and
20.3% had UA.512 The 30-d event rate (death, MI, and urgent
revascularization) in patients with diabetes declined from
12.1% (stent plus placebo) to 5.6% (stent plus abciximab;
p � 0.040). At 6 months, the drug reduced revascularization
of target arteries in patients with diabetes (16.6% vs. 8.1%,
p � 0.02). Death or MI was reduced to a similar degree in
patients with diabetes as that in patients without diabetes.812

These benefits were maintained at 1 year.813 Thus, in the
6-month data, initial GP IIb/IIIa therapy, as well as stenting,
considerably improved the safety of PCI in patients with
diabetes. In a comparative trial of abciximab and tirofiban
(TARGET), both agents were associated with comparable
event rates, including similar rates of 6-month target-vessel
revascularization and 1-year mortality.814

6.2.3. Conclusions
Diabetes occurs in approximately one fifth of patients with
UA/NSTEMI and is an independent predictor of adverse
outcomes. It is associated with more extensive CAD, unstable

lesions, frequent comorbidities, and less favorable long-term
outcomes with coronary revascularization, especially with
PTCA. It is unclear whether these differences are due to more
frequent restenosis and/or severe progression of the underly-
ing disease.779 The use of stents, particularly with abciximab,
appears to provide more favorable results in patients with
diabetes, although more data are needed, including with DES.
Coronary artery bypass grafting, especially with 1 or both
internal mammary arteries, leads to more complete revascu-
larization and a decreased need for reintervention than PCI,
even when bare-metal stents are used in diabetic patients with
multivessel disease. Given the diffuse nature of diabetic
coronary disease, the relative benefits of CABG over PCI
may well persist for diabetic patients, even in the era of DES.

6.3. Post-CABG Patients

Recommendations

Class I
1. Medical treatment for UA/NSTEMI patients after CABG

should follow the same guidelines as for non–post-CABG
patients with UA/NSTEMI. (Level of Evidence: C)

2. Because of the many anatomic possibilities that might
be responsible for recurrent ischemia, there should be
a low threshold for angiography in post-CABG pa-
tients with UA/NSTEMI. (Level of Evidence: C)

Class IIa
1. Repeat CABG is reasonable for UA/NSTEMI patients

with multiple SVG stenoses, especially when there is
significant stenosis of a graft that supplies the LAD.
Percutaneous coronary intervention is reasonable for
focal saphenous vein stenosis. (Level of Evidence: C)
(Note that an intervention on a native vessel is gener-
ally preferable to that on a vein graft that supplies the
same territory, if possible.)

2. Stress testing with imaging in UA/NSTEMI post-
CABG patients is reasonable. (Level of Evidence: C)

Overall, up to 20% of patients presenting with UA/
NSTEMI have previously undergone CABG.785 Conversely,
approximately 20% of post-CABG patients develop UA/
NSTEMI during an interval of 7.5 years,815 with a highly
variable postoperative time of occurrence.816 Post-CABG
patients who present with UA/NSTEMI are at higher risk,
with more extensive CAD and LV dysfunction than those
patients who have not previously undergone surgery.

6.3.1. Pathological Findings
Pathologically, intimal hyperplasia or atherosclerosis may de-
velop in SVGs, and there is a particular tendency for thrombotic
lesions to develop in these vessels (in 72% of grafts resected in
1 study).817–820 In addition, post-CABG patients may develop
atherosclerosis in their native vessels, and this can lead to
UA/NSTEMI.820,821 However, obstructive lesions are more
likely to occur in SVGs (53% within 5 years, 76% at 5 to 10
years, and 92% at greater than 10 years),822 and there is a high
rate of early graft failure in current practice (occlusion in up to
one third at 1 year). Spasm in grafts or native vessels823,824 and
technical complications may also play a role in the development
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of UA/NSTEMI during the early postoperative period.815,825

Both angioscopic and angiographic findings indicate that SVG
disease is a serious and unstable process. Angioscopically,
friable plaques occur uniquely in SVGs (44% vs. 0% in native
coronary arteries), whereas rough and white plaques occur in
both SVGs and native coronary arteries.826 Angiographically,
the SVGs more frequently have complex lesions (i.e., overhang-
ing edges, irregular borders, ulcerations, or thrombosis), thrombi
(37% vs. 12%, p � 0.04), and total occlusions (49% vs. 24%,
p � 0.02).822

6.3.2. Clinical Findings and Approach
Compared with UA/NSTEMI patients without prior CABG,
post-CABG patients are more often male (presumably be-
cause more men than women have undergone CABG), older,
and more likely to have diabetes. They have more extensive
native-vessel CAD and more previous MIs and LV dysfunc-
tion. Symptomatically, these patients have more prolonged
chest pain than ACS patients without prior CABG. More than
30% of post-CABG patients have resting ECG abnormalities,
and ECG stress tests are therefore less conclusive;827 how-
ever, a test that becomes positive after having been negative
is helpful in the diagnosis of ischemia. Myocardial stress
perfusion imaging and dobutamine echocardiography are
often helpful diagnostically.828 Furthermore, a positive imag-
ing test can help to define the area of ischemia in post-CABG
patients with complex disease.

The outcomes of UA/NSTEMI in post-CABG patients are
less favorable than those in patients who have not undergone
CABG. There is a high rate of embolization of atherosclerotic
material from friable grafts at the time of intervention, which
makes these procedures more difficult and which is associ-
ated with higher rates of complications.829 In one matched
case-control study of UA, the initial course was similar, but
post-CABG patients had twice the incidence of adverse
events (death, MI, or recurrent UA) during the first year. This
was attributed to a lower rate of complete revascularization,
which was possible in only 9 of 42 post-CABG patients
compared with 39 of 52 patients who had not previously
undergone CABG (p � 0.001).815 Results were directionally
similar in the TIMI III registry of ACS, in which 16% of
patients were post-CABG. Here again, early outcomes in
post-CABG patients and others were equivalent, but at 1 year,
the rate of adverse events (death, MI, or recurrent ischemia)

was 39.3% for those who had previously undergone CABG
versus 30.2% for those who had not (p � 0.002).830

Revascularization with either PCI or reoperation often is
indicated and is possible in post-CABG patients with UA/
NSTEMI. In a randomized controlled trial that compared
stents with PTCA of obstructed SVGs, there was no statisti-
cally significant difference in restenosis during a 6-month
period, although a trend favored stents (34% vs. 46%).831

Although hemorrhagic complications were higher in the stent
group, clinical outcomes (freedom from MI or repeat revas-
cularization) were better (73% vs. 58%, p � 0.03).831

6.3.3. Conclusions
Post-CABG patients, especially those with only SVGs, are at
high risk of UA/NSTEMI. There is a higher likelihood of
disease in SVGs than in native arteries, and this difference
increases with postoperative time. Pathologically and angio-
graphically, disease in SVGs has characteristics associated
with instability. There also are difficulties with treadmill
ECG testing and less favorable outcomes with repeat revas-
cularization than in patients who have not undergone previ-
ous CABG.

6.4. Older Adults

Recommendations

Class I
1. Older patients with UA/NSTEMI should be evaluated

for appropriate acute and long-term therapeutic inter-
ventions in a similar manner as younger patients with
UA/NSTEMI. (Level of Evidence: A)

2. Decisions on management of older patients with UA/
NSTEMI should not be based solely on chronologic age
but should be patient-centered, with consideration
given to general health, functional and cognitive status,
comorbidities, life expectancy, and patient preferences
and goals. (Level of Evidence: B)

3. Attention should be given to appropriate dosing (i.e.,
adjusted by weight and estimated creatinine clearance)
of pharmacological agents in older patients with UA/
NSTEMI, because they often have altered pharmaco-
kinetics (due to reduced muscle mass, renal and/or
hepatic dysfunction, and reduced volume of distribu-

Table 25. Impact of Age on Outcomes of Acute Coronary Syndrome: GRACE Risk Model

Age Group
No. of Deaths (Hospital

Mortality Rate)� Crude OR (95% CI) Adjusted OR (95% CI)

Less than 45 y 20 (1.3) Reference Reference

45 to 54 y 79 (2.0) 1.47 (0.90 to 2.41) 1.95 (1.06 to 3.61)

55 to 64 y 171 (3.1) 2.35 (1.47 to 3.74) 2.77 (1.53 to 4.99)

65 to 74 y 373 (5.5) 4.34 (2.76 to 6.83) 4.95 (2.78 to 8.79)

75 to 84 y 439 (9.3) 7.54 (4.80 to 11.8) 8.04 (4.53 to 14.3)

85 y or more 260 (18.4) 16.7 (10.5 to 26.4) 15.7 (8.77 to 28.3)
�All p less than 0.0001. The GRACE risk model includes systolic blood pressure, initial serum creatinine, heart rate, initial cardiac enzyme, Killip class, ST- segment

deviation, and cardiac arrest at hospital arrival. Modified with permission from Avezum A, Makdisse M, Spencer F, et al. Impact of age on management and outcome
of acute coronary syndrome: observations from the Global Registry of Acute Coronary Events (GRACE). Am Heart J 2005;149:67–73.835

CI � confidence interval; GRACE � Global Registry of Acute Coronary Events; OR � odds ratio.
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tion) and pharmacodynamics (increased risks of hypo-
tension and bleeding). (Level of Evidence: B)

4. Older UA/NSTEMI patients face increased early pro-
cedural risks with revascularization relative to
younger patients, yet the overall benefits from invasive
strategies are equal to or perhaps greater in older
adults and are recommended. (Level of Evidence: B)

5. Consideration should be given to patient and family
preferences, quality-of-life issues, end-of-life prefer-
ences, and sociocultural differences in older patients
with UA/NSTEMI. (Level of Evidence: C)

Older adults represent a group of patients in whom baseline
risk is higher (Table 25) and who have more comorbidities
but who derive equivalent or greater benefit (e.g., invasive vs.
conservative strategy) compared to younger patients. Al-
though a precise definition of “older patients” or “elderly”
has not been established in the medical literature, many
studies have used this term to refer to those who are 75 years
and older. On the basis of a large national ACS registry, older
patients make up a substantial portion of those presenting
with UA/NSTEMI, with 35% older than 75 years and 11%
aged more than 85 years.832 Older persons also present with
a number of special and complex challenges. First, older
persons who develop UA/NSTEMI are more likely to present
with atypical symptoms, including dyspnea and confusion,
rather than with the chest pain typically experienced by
younger patients with acute myocardial ischemia.833 Con-
versely, noncardiac comorbidities such as chronic obstructive
lung disease, gastroesophageal reflux disease, upper-body
musculoskeletal symptoms, pulmonary embolism, and pneu-
monia also are more frequent and may be associated with
chest pain at rest that can mimic classic symptoms of
UA/NSTEMI. Hence, successful recognition of true myocar-
dial ischemia in the elderly is often more difficult than in
younger patients. Second, they are more likely than younger
patients to have altered or abnormal cardiovascular anatomy
and physiology, including a diminished beta-sympathetic
response, increased cardiac afterload due to decreased arterial
compliance and arterial hypertension, orthostatic hypoten-
sion, cardiac hypertrophy, and ventricular dysfunction, espe-
cially diastolic dysfunction.834 Third, older patients typically
have developed significant cardiac comorbidities and risk
factors, such as hypertension, prior MI, HF, cardiac conduc-
tion abnormalities, prior CABG, peripheral and cerebrovas-
cular disease, diabetes mellitus, renal insufficiency, and
stroke. Fourth, because of this larger burden of comorbid
disease, older patients tend to be treated with a greater
number of medications and are at higher risk for drug
interactions and polypharmacy. Hence, among an already
high-risk population, older age is associated with higher
disease severity and higher disease and treatment risk at
presentation.832

6.4.1. Pharmacological Management
Overall, although the elderly have been generally underrep-
resented in randomized controlled trials, when examined,
older subgroups appear to have relatively similar relative risk
reductions and similar or greater absolute risk reductions in
many end points as younger patients for commonly used

treatments in the management of UA/NSTEMI. In spite of an
increasing number of possible relative contraindications as-
sociated with older age, the rates of serious adverse events for
most older patients generally remain low when evidence-
based treatment for UA/NSTEMI is provided. Despite gen-
erally similar benefits, recent studies such as CRUSADE,832

TACTICS-TIMI 18,182 and GRACE835 have documented
significantly lower use of evidence-based therapies in the
elderly, including less use of an aggressive, early invasive
strategy and of key pharmacotherapies, including anticoagu-
lants, beta blockers, clopidogrel, and GP IIb/IIIa inhibitors.

With this said, precautions need to be taken to personalize
these therapies (i.e., beginning with lower doses than in
younger patients, whenever appropriate, and providing care-
ful observation for toxicity). Older persons are particularly
vulnerable to adverse events from cardiovascular drugs due to
altered drug metabolism and distribution, as well as to
exaggerated drug effects. Reductions in cardiac output and in
renal and hepatic perfusion and function decrease the rate of
elimination of drugs in the elderly. Additionally, older pa-
tients typically have lower drug distribution volumes (due to
a lower body mass). As a result, drugs need to be carefully
selected and individually adjusted. Current evidence demon-
strates that older adults are frequently excessively dosed. In a
community-based registry, among treated patients aged 75
years or older, 38% received an excessive dose of UFH, 17%
received excessive LMWH, and 65% received an excessive
dose of a GP IIb/IIIa antagonist.832 A subsequent study from
the same registry found that 15% of major bleeding in
UA/NSTEMI patients could be attributed to excessive dos-
ing.743 Mortality and length of stay also were higher in
patients receiving excessive dosing.

In the elderly, drugs such as beta blockers that undergo
first-pass hepatic metabolism exhibit increased bioavailabil-
ity.836 Exaggerated pharmacodynamic responses to drugs
often resulted from lower cardiac output, plasma volume, and
vasomotor tone, as well as blunted baroreceptor and beta-
adrenergic responses.

6.4.2. Functional Studies
Older persons can have difficulty performing standardized
exercise tolerance tests because of age-related medical prob-
lems, such as general deconditioning, decreased lung capac-
ity, chronic pain, sensory neuropathy, osteoarthritis, and
muscle weakness. Furthermore, the higher prevalence of
preexisting resting ECG abnormalities,782 arrhythmias,140,837

and cardiac hypertrophy often make the interpretation of a
standard stress ECG inconclusive or impossible. In such
patients, alternative methods for evoking evidence of acute
myocardial ischemia, such as pharmacological stress testing
with dynamic cardiac imaging, may be substituted (see also
Section 3.4).

6.4.3. Percutaneous Coronary Intervention in
Older Patients
Recent evidence from several major interventional trials has
demonstrated a clear benefit for older patients. A collabora-
tive meta-analysis of several more recently published PCI
trials (FRISC-II, TACTICS, RITA-3, VINO, and MATE)
have suggested that the majority of the benefit from an
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invasive strategy in the elderly has accrued from contempo-
rary strategies used in trials published after 1999 and in
patients with positive troponins or their cardiac biomark-
ers.543 These trials indicated that compared with younger
patients, the elderly gain important absolute benefits from an
early invasive strategy but at a cost of increased bleeding.
Specifically, a significant benefit was seen in reduction of the
combined end point of death and recurrent MI, but only a
trend to reduction in death was noted. A recent observational
analysis in a community population failed to show an early
benefit on in-hospital survival with an invasive strategy in the
older subgroup (75 years or older), which highlights the need
for continued caution in applying trial results uniformly in
older patients.837a Thus, selection of older patients for an early
invasive strategy is complex, including risk from disease and
risk from intervention, but given the absolute benefits ob-
served in these trials, age should not preclude consideration.

Despite these potential benefits, older patients are also far
less likely to undergo angiography (RR 0.65, p less than
0.001 at 6 weeks) and coronary revascularization (RR 0.79,
p � 0.002 at 6 weeks) after a UA/NSTEMI episode than
younger patients. This apparent underuse of potentially ben-
eficial interventions might be due in part to practitioner
concerns about the increased risk of complications. Finding
the appropriate balance between benefit and risk of aggres-
sive therapies to maximize net clinical outcome remains a
challenge in the elderly.

6.4.4. Contemporary Revascularization Strategies
in Older Patients
Several studies of PCI in patients aged 65 to 75 years have
shown that success rates with experienced medical profes-
sionals are similar to those in younger patients, but with even
older patients, success rates decline and complication rates
rise. On the other hand, a Mayo Clinic review of PCI in
patients greater than 65 years old (of whom 75% had UA)
revealed an overall success rate of 93.5%, an immediate
in-hospital mortality rate of 1.4%, and a need for emergency
CABG rate of only 0.7%.838 Angiographic outcome changed
little between the 65-to-69-year-old group and the greater
than 75-year-old group, and the 1-year event rate (death, MI,
CABG, repeat PCI, or severe angina) was 45.1% in all
patients greater than 65 years old.838 Predictors of outcomes
(i.e., extent and severity of CAD and comorbidities) after PCI
in older patients were the same as those in younger pa-
tients.839 Similarly, a review of coronary stenting in the
elderly reported that procedural success rates were high (95%
to 98%) and periprocedural complication rates were low (MI
1.2% to 2.8%, urgent CABG 0.9% to 1.8%, repeat PCI 0% to
0.6%) in the elderly, with little difference between those
greater than 75 years old and those less than 65 years old.840

Subgroup analyses in both TIMI IIIB129 and FRISC-II245

showed a greater advantage of the invasive strategy in
patients older than 65 years of age. More contemporary
studies have confirmed this advantage, including TACTICS-
TIMI 18.841 Among patients older than 75 years of age, the
early invasive strategy conferred an absolute reduction of
10.8 percentage points (to 10.8% from 21.6%; p � 0.016) and
a relative reduction of 56% in death or MI at 6 months;

however, benefits came with an increased risk of major
bleeding events (16.6% vs. 6.5%; p � 0.009).

A review of 15,679 CABG procedures performed in
patients greater than 70 years old from the Toronto Hospi-
tal842 reported encouraging results. Operative mortality rates
declined from 7.2% in 1982 to 1986, to 4.4% in 1987 to 1991
(and from 17.2% to 9.1% for high-risk patients) but showed
little further change in the period of 1992 to 1996. Predictors
of operative death (LV dysfunction, previous CABG, periph-
eral vascular disease, and diabetes) were similar to those in
younger patients.

Operative morbidity and mortality rates increase for
CABG with advanced age, but outcomes have been favorable
compared with medical therapy, and quality of life im-
proves.843–847 A recent retrospective review of 662,033 pa-
tients who underwent cardiac surgical procedures performed
using the STS National Cardiac Database848 found a CABG
operative mortality of 2.8% for patients 50 to 79 years of age,
7.1% for patients 80 to 89 years of age, and 11.8% for
patients aged 90 years or more. This study included more than
1,000 patients over 90 years of age and 5 centenarians and
documented that the 57% of nonagenarians without certain
risk factors (renal failure, IABP, emergency surgery, or
peripheral or cerebrovascular disease) constituted a relatively
low-risk group with an operative mortality of only 7.2%,
similar to the overall risk in octogenarians. Thus, with
appropriate selection, CABG surgery can be an appropriate
revascularization strategy in even the oldest patient
subgroups.

6.4.5. Conclusions
Older patients with UA/NSTEMI tend to have atypical
presentations of disease, substantial comorbidity, ECG stress
tests that are more difficult to interpret, and different physi-
ological responses to pharmacological agents compared with
younger patients. Although they are at highest risk, guideline-
recommended therapies are used less frequently. Even though
their outcomes with interventions and surgery are not as
favorable as those of younger patients, coronary revascular-
ization should be recommended when the same group of
prognostic risk factors that play a role in the younger age
group are taken into account. The approach to these patients
also must consider general medical and cognitive status,
bleeding risk and other risk of interventions, anticipated life
expectancy, and patient or family preferences.

6.5. Chronic Kidney Disease (UPDATED)
For new or updated text, view the 2011 Focused Update.
Text supporting unchanged recommendations has not been
updated.

Recommendations

Class I

1. Creatinine clearance should be estimated in UA/
NSTEMI patients, and the doses of renally cleared
drugs should be adjusted appropriately. (Level of
Evidence: B)
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2. In chronic kidney disease patients undergoing angiog-
raphy, isosmolar contrast agents are indicated and are
preferred. (Level of Evidence: A)

Chronic kidney disease (CKD) is not only a coronary risk
equivalent for ascertainment of coronary risk but also a risk
factor for the development and progression of CVD.744 Chronic
kidney disease constitutes a risk factor for adverse outcomes
after MI,849 including NSTEMI and other coronary patient
subsets. In the highly validated GRACE risk score, serum
creatinine is 1 of the 8 independent predictors of death.168,835 In
recent study, even early CKD constituted a significant risk factor
for cardiovascular events and death.849,850 Chronic kidney dis-
ease also predicts an increase in recurrent cardiovascular
events.851 Cardiovascular death is 10 to 30 times higher in
dialysis patients than in the general population. The underrepre-
sentation of patients with renal disease in randomized controlled
trials of CVD is of concern.179 Most of the limited evidence
available and current opinion suggest that when appropriately
monitored, cardiovascular medications and interventional strat-
egies can be applied safely in those with renal impairment and
provide therapeutic benefit.849 However, not all recent evidence
is consistent with this premise: atorvastatin did not significantly
reduce the primary end point of cardiovascular death, nonfatal
MI, or stroke in a prospective randomized trial of patients with
diabetes and end-stage CKD who were undergoing hemodialy-
sis.234 The preference for primary PCI has also been
questioned.235

Particularly in the setting of ACS, bleeding complications are
higher in this patient subgroup because of platelet dysfunction
and dosing errors; benefits of fibrinolytic therapy, antiplatelet
agents, and anticoagulants can be negated or outweighed by
bleeding complications; and renin-angiotensin-aldosterone in-
hibitors can impose a greater risk because of the complications
of hyperkalemia and worsening renal function in the CKD
patient. Angiography carries an increased risk of contrast-
induced nephropathy; the usual benefits of percutaneous inter-
ventions can be lessened or abolished; and PCI in patients with
CKD is associated with a higher rate of early and late compli-
cations of bleeding, restenosis, and death.179 Thus, the identifi-
cation of CKD is important in that it represents an ACS
subgroup with a far more adverse prognosis but for whom
interventions have less certain benefit.

Coronary arteriography is a frequent component of the care
of ACS patients. As such, contrast-induced nephropathy can
constitute a serious complication of diagnostic and interven-
tional procedures. In patients with CKD or CKD and diabe-
tes, isosmolar contrast material lessens the rise in creatinine
and is associated with lower rates of contrast-induced ne-
phropathy than low-osmolar contrast media. This has been
documented in a randomized clinical trial (RECOVER [Renal
Toxicity Evaluation and Comparison Between Visipaque
(Iodixanol) and Hexabrix (Ioxaglate) in Patients With Renal
Insufficiency Undergoing Coronary Angiography]) compar-
ing iodixanol with ioxaglate852 and in a meta-analysis of
2,727 patients from 16 randomized clinical trials.853 Identifi-
cation of CKD patients as recommended in the AHA science
advisory on detection of chronic kidney disease in patients

with or at increased risk of cardiovascular disease should
guide the use of isosmolar contrast agents.744

To increase awareness of CKD, an AHA science advisory
for the detection of CKD in patients with or at increased risk
for CVD recently was developed in collaboration with the
National Kidney Foundation.744The advisory recommenda-
tions are that all patients with CVD be screened for evidence
of kidney disease by estimating glomerular filtration rate,
testing for microalbuminuria, and measuring the albumin-to-
creatinine ratio (Class IIa, Level of Evidence: C). A glomer-
ular filtration rate less than 60 ml per min per 1.73 square
meters of body surface should be regarded as abnormal (Class
I, Level of Evidence: B). Furthermore, the albumin-to-creat-
inine ratio should be used to screen for the presence of kidney
damage in adult patients with CVD, with values greater than
30 mg of albumin per 1 g of creatinine regarded as abnormal
(Class IIa, Level of Evidence: B).

A diagnosis of renal dysfunction is critical to proper
medical therapy of UA/NSTEMI. Many cardiovascular drugs
used in UA/NSTEMI patients are renally cleared; their doses
should be adjusted for estimated creatinine clearance (see
also Section 3). In a large community-based registry study,
42% of patients with UA/NSTEMI received excessive initial
dosing of at least 1 antiplatelet or antithrombin agent (UFH,
LMWH, or GP IIb/IIIa inhibitor).743 Renal insufficiency was
an independent predictor of excessive dosing. Dosing errors
predicted an increased risk of major bleeding. Clinical studies
and labeling that defines adjustments for several of these
drugs have been based on the Cockroft-Gault formula for
estimating creatinine clearance, which is not identical to the
MDRD formula. Use of the Cockroft-Gault formula to
generate dose adjustments is recommended. The impact of
renal dysfunction on biomarkers of necrosis (i.e., troponin) is
discussed in Section 2.2.8.2.1.

To increase the meager evidence base and to optimize care
for this growing high-risk population, the recognition of CKD
patients with or at risk of CVD and the inclusion and
reporting of renal disease in large CVD trials must be
increased in the future.

6.6. Cocaine and Methamphetamine Users

Recommendations

Class I
1. Administration of sublingual or intravenous NTG and

intravenous or oral calcium channel blockers is recom-
mended for patients with ST-segment elevation or
depression that accompanies ischemic chest discomfort
after cocaine use. (Level of Evidence: C)

2. Immediate coronary angiography, if possible, should
be performed in patients with ischemic chest discom-
fort after cocaine use whose ST segments remain
elevated after NTG and calcium channel blockers; PCI
is recommended if occlusive thrombus is detected.
(Level of Evidence: C)

3. Fibrinolytic therapy is useful in patients with ischemic
chest discomfort after cocaine use if ST segments remain
elevated despite NTG and calcium channel blockers, if
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there are no contraindications, and if coronary angiog-
raphy is not possible. (Level of Evidence: C)

Class IIa
1. Administration of NTG or oral calcium channel block-

ers can be beneficial for patients with normal ECGs or
minimal ST-segment deviation suggestive of ischemia
after cocaine use. (Level of Evidence: C)

2. Coronary angiography, if available, is probably rec-
ommended for patients with ischemic chest discomfort
after cocaine use with ST-segment depression or iso-
lated T-wave changes not known to be previously
present and who are unresponsive to NTG and calcium
channel blockers. (Level of Evidence: C)

3. Management of UA/NSTEMI patients with metham-
phetamine use similar to that of patients with cocaine
use is reasonable. (Level of Evidence: C)

Class IIb
Administration of combined alpha- and beta-blocking
agents (e.g., labetalol) may be reasonable for patients after
cocaine use with hypertension (systolic blood pressure
greater than 150 mm Hg) or those with sinus tachycardia
(pulse greater than 100 beats per min) provided that the
patient has received a vasodilator, such as NTG or a calcium
channel blocker, within close temporal proximity (i.e., within
the previous hour). (Level of Evidence: C)

Class III
Coronary angiography is not recommended in patients
with chest pain after cocaine use without ST-segment or
T-wave changes and with a negative stress test and
cardiac biomarkers. (Level of Evidence: C)

The use of cocaine can produce myocardial ischemia,
thereby leading to UA/NSTEMI.854–857 The widespread use
of cocaine makes it mandatory to consider this cause, because
its recognition mandates special management. Specifically,
initial management recommendations for cocaine-induced
ACS include NTG and calcium channel antagonists. Assess-
ment for resolution of chest discomfort and ECG changes is
then undertaken before fibrinolytic therapy is initiated or
angiography is considered. The use of beta blockers in close
proximity (i.e., within 4 to 6 h) of cocaine exposure is
controversial, with some evidence for harm; thus, when used,
the guidelines recommend combination alpha and beta block-
ade in addition to a vasodilator. There are no data to guide
recommendations for beta blockade later after exposure, after
cocaine elimination.

The action of cocaine is to block presynaptic reuptake of
neurotransmitters such as norepinephrine and dopamine,
which produces excess concentrations at the postsynaptic
receptors that lead to sympathetic activation and the stimu-
lation of dopaminergic neurons.858 There may also be a direct
contractile effect on vascular smooth muscle.855 Detoxifica-
tion is accomplished with plasma and liver cholinesterases,
which form metabolic products that are excreted in the urine.
Infants, elderly patients, and patients with hepatic dysfunc-
tion lack sufficient plasma cholinesterase to metabolize the

drug859 and therefore are at high risk of adverse effects with
cocaine use.

6.6.1. Coronary Artery Spasm With Cocaine Use
The basis for coronary spasm has been demonstrated in both
in vitro859 and in vivo855,860–864 experiments in animals and
humans. Reversible vasoconstriction of rabbit aortic rings has
been demonstrated with cocaine in concentrations of 10�3 to
10�8 mol per liter. Pretreatment with calcium channel block-
ers markedly inhibits cocaine-induced vasoconstriction. Cor-
onary injection of cocaine produces vasoconstriction in
miniswine with experimentally induced nonocclusive athero-
sclerotic lesions.865

Nademanee et al.866 performed 24-h ECG monitoring in 21
male cocaine users after admission to a substance abuse
treatment center and found that 8 had frequent episodes of
ST-segment elevation, most during the first 2 weeks of
withdrawal. In cocaine users with prolonged myocardial
ischemia, coronary arteriography can reveal coronary artery
spasm with otherwise normal-appearing coronary arteries or
with underlying minimally obstructive coronary atheroscle-
rosis.855,857,860 The cocaine-induced increase in coronary vas-
cular resistance is reversed with calcium channel block-
ers.861,867 Cocaine increases the response of platelets to
arachidonic acid, thus increasing thromboxane A2 production
and platelet aggregation.868 In addition, reversible combined
reduction in protein C and antithrombin III has been observed
in patients with cocaine-related arterial thrombosis.869 All of
these effects favor coronary thrombosis.855,862,870 Coronary
thrombosis can also develop as a consequence of coronary
spasm.

Cocaine users can develop ischemic chest discomfort that
is indistinguishable from the UA/NSTEMI secondary to
coronary atherosclerosis. The patient who presents with
prolonged myocardial ischemia should be questioned about
the use of cocaine. In a study by Hollander et al.,871 the
presence or absence of cocaine use was assessed in only 13%
of patients who presented to the ED with chest pain. Table 26
lists the clinical characteristics of a typical patient with
cocaine-related chest pain or MI.857

Most patients who present to the ED with cocaine-
associated chest pain do not develop MI.872 MI development
has been reported to occur only in 6% of such patients.857

Table 26. Clinical Characteristics in the Typical Patient With
Cocaine-Related Chest Pain, Unstable Angina, or Myocardial
Infarction

Young age, usually less than 40 years

Male gender

Cigarette smoker, but no other risk factors for atherosclerosis

Chronic or first-time cocaine user

Symptom onset minutes or even several hours after cocaine use

Associated with all routes of administration

May occur with small or large doses

Often associated with concomitant use of cigarettes and/or alcohol

Reprinted from Progressive Cardiovascular Disease, Pitts WF, Lange RA,
Cigarroa JE, Hillis LD. Cocaine-induced myocardial ischemia and infarction:
pathophysiology, recognition, and management, 40:65–76. Copyright 1997,
with permission from Elsevier.857
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Accelerated coronary atherosclerosis has been reported in
chronic users of cocaine;873,874 coronary artery spasm is more
readily precipitated at sites of atherosclerotic plaques.860

Cocaine causes sinus tachycardia, as well as an increase in
blood pressure and myocardial contractility, thereby increas-
ing myocardial oxygen demand.861 These increases can pre-
cipitate myocardial ischemia and UA/NSTEMI in both the
presence and absence of obstructive coronary atherosclerosis
and coronary spasm.

Aortic dissection875 and coronary artery dissection855,875

have been reported as consequences of cocaine use. Other
reported cardiac complications are myocarditis874 and
cardiomyopathy.876,877

6.6.2. Treatment
When a patient with or suspected of cocaine use is seen in the
ED with chest pain compatible with myocardial ischemia and
ST-segment elevation, sublingual NTG or a calcium channel
blockers (e.g., diltiazem 20 mg IV) should be adminis-
tered.855,864 If there is no response, immediate coronary
angiography should be performed, if possible. Fibrinolytic
therapy has been successfully employed in patients with MI
after cocaine use, although these patients frequently have
contraindications to fibrinolysis, including hypertension, sei-
zures, or aortic dissection. Thus, PCI may be a preferred
method of revascularization in this setting. However, even
this therapeutic strategy is problematic in subjects with
cocaine-related MI; those in whom stents are deployed are at
substantial risk of subsequent in-stent thrombosis unless
double-antiplatelet therapy (ASA and clopidogrel) is ingested
regularly and predictably for several months afterward, and
those who partake in substance abuse often are unreliable in
adhering to such a regimen. Thus, bare-metal stents, which
require a shorter duration of dual-antiplatelet therapy, gener-
ally are preferred to DES in cocaine abusers. If thrombus is
present and PCI is unavailable or ineffective, fibrinolytic
agents may be administered if there are no contraindica-
tions.878,879 If catheterization is not available, intravenous
fibrinolytic therapy may be considered in patients with
ST-segment elevation and clinical symptoms consistent with
MI.

If the ECG is normal or shows only minimal T-wave
changes and there is a history of chest pain compatible with
acute myocardial ischemia, the patient should receive sublin-
gual NTG or an oral calcium channel blocker and be
observed. After cocaine use, increased motor activity, skeletal
muscle injury, and rhabdomyolysis can occur, causing CK
and even CK-MB elevation in the absence of MI.880 Troponin
I and TnT are more specific for myocardial injury and
therefore are preferred. Blood should be drawn twice for
serum markers of myocardial necrosis at 6-h intervals. If the
ECG shows ST-segment changes and the cardiac biochemical
markers are normal, the patient should be observed in the
hospital in a monitored bed for 24 h; most complications will
occur within 24 h.881 If the patients clinical condition is
unchanged and the ECG remains unchanged after 24 h, the
patient can be discharged.879 A shorter observation period of
9 to 12 h, with measurement of troponin levels at 3, 6, and 9 h
after presentation, also has been validated.882

Many observers believe that beta blockers are contraindi-
cated in cocaine-induced coronary spasm because there is
evidence from a single double-blind, randomized, placebo-
controlled trial that beta-adrenergic blockade augments
cocaine-induced coronary artery vasoconstriction.883 Others
believe that if the patient has a high sympathetic state with
sinus tachycardia and hypertension, beta blockers should be
used.855 Labetalol, an alpha and beta blocker, has been
advocated, because it has been shown not to induce coronary
artery vasoconstriction884 even though its beta-adrenergic–
blocking action predominates over its alpha-adrenergic–
blocking activity in the doses that are commonly used.884

Therefore, in cocaine-induced myocardial ischemia and va-
soconstriction, NTG and calcium channel blockers are the
preferred drugs. Both NTG and verapamil have been shown
to reverse cocaine-induced hypertension, coronary arterial
vasoconstriction,864,883 and tachycardia (verapamil).

6.6.3. Methamphetamine Use and UA/NSTEMI
Given the rapid increase in methamphetamine abuse, recog-
nition of its cardiovascular risk is of mounting importance.
Currently, the evidence base for UA/NSTEMI after metham-
phetamine and its treatment is limited to a few publications of
case reports and small series.885–888 These suggest that ACS is
increasingly common in patients evaluated in the ED for
chest discomfort after methamphetamine use and that the
frequency of other potentially life-threatening arrhythmias is
not negligible.886 Clinical presentation resembles that of
cocaine-associated ACS. On the basis of the similarities in
pathophysiology and these few clinical observations, therapy
similar to that of cocaine-induced UA/NSTEMI is recom-
mended pending information more specific to
methamphetamine.

6.7. Variant (Prinzmetals) Angina

Recommendations

Class I
1. Diagnostic investigation is indicated in patients with a

clinical picture suggestive of coronary spasm, with
investigation for the presence of transient myocardial
ischemia and ST-segment elevation during chest pain.
(Level of Evidence: A)

2. Coronary angiography is recommended in patients
with episodic chest pain accompanied by transient
ST-segment elevation. (Level of Evidence: B)

3. Treatment with nitrates and calcium channel blockers
is recommended in patients with variant angina whose
coronary angiogram shows no or nonobstructive cor-
onary artery lesions. Risk factor modification is rec-
ommended, with patients with atherosclerotic lesions
considered to be at higher risk. (Level of Evidence: B)

Class IIb
1. Percutaneous coronary intervention may be consid-

ered in patients with chest pain and transient ST-
segment elevation and a significant coronary artery
stenosis. (Level of Evidence: B)
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2. Provocative testing may be considered in patients with
no significant angiographic CAD and no documenta-
tion of transient ST-segment elevation when clinically
relevant symptoms possibly explained by coronary
artery spasm are present. (Level of Evidence: C)

Class III
Provocative testing is not recommended in patients with
variant angina and high-grade obstructive stenosis on
coronary angiography. (Level of Evidence: B)

Variant angina (Prinzmetals angina, periodic angina) is a
form of UA that usually occurs spontaneously and is charac-
terized by transient ST-segment elevation that spontaneously
resolves or resolves with NTG use without progression to
MI.889 The earliest stages of MI can also be associated with
cyclic ST-segment elevations, but MI does not possess the
nature of periodic angina. The spasm is most commonly focal
and can occur simultaneously at more than 1 site.890 Even
coronary segments that are apparently normal on coronary
angiography often have evidence of mural atherosclerosis on
intravascular ultrasound.891 This can result in localized endo-
thelial dysfunction and coronary spasm.

Patients with Prinzmetals angina frequently have coronary
artery plaques that can be either nonobstructive or obstruc-
tive.892 Walling et al.893 reported that coronary arteriography
showed 1-vessel disease in 81 (39%) of 217 patients and
multivessel disease in 40 (19%). Rovai et al.894 found a
similar high prevalence of obstructive disease in 162 patients
with variant angina.

6.7.1. Clinical Picture
Although chest discomfort in the patient with variant angina
can be precipitated by exercise, it usually occurs without any
preceding increase in myocardial oxygen demand; the major-
ity of patients have normal exercise tolerance, and stress
testing may be negative. Because the anginal discomfort
usually occurs at rest without a precipitating cause, it may
simulate UA/NSTEMI secondary to coronary atherosclerosis.
Episodes of Prinzmetals angina often occur in clusters, with
prolonged asymptomatic periods of weeks to months. Attacks
can be precipitated by an emotional stress, hyperventila-
tion,895 exercise,896 or exposure to cold.897 A circadian vari-
ation in the episodes of angina is most often present, with
most attacks occurring in the early morning.898 Compared
with patients with chronic stable angina, patients with variant
angina are younger and, except for smoking, have fewer
coronary risk factors.899,900 Some studies have shown an
association of variant angina with other vasospastic disorders,
such as migraine headache and Raynauds phenomenon.901

The presence of syncope during an episode of chest pain
suggests severe ischemia related to an acute occlusion, often
due to focal spasm.

Most often, the attacks of angina resolve spontaneously
without evidence of MI. However, a prolonged vasospasm
may result in complications such as MI, a high degree of AV
block, life-threatening ventricular tachycardia, or sudden
death.902,903

6.7.2. Pathogenesis
The pathogenesis of focal coronary spasm in this condition is
not well understood. The probable underlying defect is the

presence of dysfunctional endothelium that exposes the me-
dial smooth muscle to vasoconstrictors such as catechol-
amines, thromboxane A2, serotonin, histamine, and endothe-
lin.904 Endothelial dysfunction also can impair coronary
flow-dependent vasodilatation owing to the decreased pro-
duction and release of nitric oxide905 and enhanced phosphor-
ylation of myosin light chains, an important step in smooth
muscle contraction.906 There can be an imbalance between
endothelium-produced vasodilator factors (i.e., prostacyclin,
nitric oxide) and vasoconstrictor factors (i.e., endothelin,
angiotensin II) that favors the latter.907 There also is evidence
of involvement of the autonomic nervous system, with
reduced parasympathetic tone and enhanced reactivity of the
alpha-adrenergic vascular receptors.905,908,909 Regardless of
the mechanism, the risk for focal spasm is transient but
recurrent.

6.7.3. Diagnosis
The key to the diagnosis of variant angina is the documen-
tation of ST-segment elevation in a patient during transient
chest discomfort (which usually occurs at rest, typically in the
early morning hours, and nonreproducibly during exercise)
and that resolves when the chest discomfort abates. Typically,
NTG is exquisitely effective in relieving the spasm. ST-
segment elevation implies transmural focal ischemia associ-
ated with complete or near-complete coronary occlusion of an
epicardial coronary artery in the absence of collateral circu-
lation. In variant angina, the dynamic obstruction can be
superimposed on severe or nonsevere coronary stenosis or
supervene in an angiographically normal coronary artery
segment. Hence, coronary angiography is usually part of the
workup of these patients and can help orient treatment.

It is noteworthy that spasm often develops spontaneously
during angiography, which aids the diagnosis in patients with
no previously documented ST-segment elevation; catheter-
induced spasm is not, however, an indicator of vasospastic
disease. Diagnostic tests for Prinzmetals angina are based on
the recording of transient ST-segment elevation during an
episode of chest pain. Continuous 12-lead ECG monitoring
can be performed for this purpose in-hospital or as an
outpatient; recording during numerous episodes of pain im-
proves diagnostic sensitivity. A treadmill exercise test is also
useful; one third of patients will show ST-segment elevation,
another third ST-segment depression, and one third no
ST-segment change. Interestingly, the results may not be
reproducible within the same patients and are more often
positive when the test is performed in the early morning
hours. A 2-dimensional echocardiogram or the injection of a
nuclear marker at the time of chest pain may help document
the presence of transmural ischemia. A number of other
provocative tests can be used to precipitate coronary artery
spasm when the diagnosis is suspected but not objectively
documented. Nitrates and calcium channel blockers should be
withdrawn well before provocative testing. These tests are
more often used during coronary angiography; the spasm can
then be visualized before the appearance of chest pain and
promptly relieved by the intracoronary injection of NTG. The
test can also be performed in a coronary care unit setting
while the patient is monitored for ST-segment elevation, but
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this is recommended only if the coronary anatomy is known.
Such nonpharmacological tests include the cold pressor test
and hyperventilation performed for 6 min in the morning,
alone or after exercise.910 Pharmacological tests in general
provide a better diagnostic yield. Ergonovine, methylergon-
ovine, and ergometrin have been most widely studied and
used in the past, but methylergonovine and ergometrin are no
longer generally available, and the use of ergonovine is
limited. Acetylcholine and methacholine are now predomi-
nantly used for this diagnostic purpose. Although the spasm is
usually promptly relieved with NTG administered intracoro-
narily or intravenously, it may at times be refractory to
therapy with NTG and other vasodilators and may be recur-
rent in the same segment or in other coronary artery seg-
ments, resulting in prolonged ischemia, MI, or occasionally,
death.911 For these reasons, provocative tests are now rarely
used and are limited to a few indications, such as patients
with suggestive symptoms that could be helped by an
appropriate diagnosis not otherwise reached, patients in
whom treatment with nitrates and calcium channel blockers
has failed, and patients with a life-threatening disease in
whom the physician wants to verify the efficacy of the
treatment. Thus, patients with a positive hyperventilation test
are more likely to have a higher frequency of attacks,
multivessel spasm, or high degree of AV block or ventricular
tachycardia than are patients with a negative hyperventilation
test,910 and high-risk patients whose tests become negative
with treatment are more likely to have a favorable long-term
course. The investigation of coronary spasm in patients with
coronary artery lesions of borderline significance can be
complemented by other diagnostic procedures such as intra-
vascular ultrasound, functional flow reverse, and other func-
tional testing to assess more accurately the significance of the
obstruction.

6.7.4. Treatment
Coronary spasm is usually very responsive to NTG, long-
acting nitrates, and calcium channel blockers,912–914 which are
considered first-line therapies. (Beta-blockers have theoreti-
cal adverse potential, and their clinical effect is controver-
sial.) Smoking should be discontinued. Usually, a calcium
channel blocker in a moderate to high dose (e.g., verapamil
240 to 480 mg per d, diltiazem 180 to 360 mg per d, or
nifedipine 60 to 120 mg per d) is started; patients with very
active disease can require a combination of nitrates and 2
calcium channel blockers of different classes (i.e., a dihydro-
pyridine with verapamil or diltiazem). Alpha-receptor block-
ers have been reported to be of benefit, especially in patients
who are not responding completely to calcium channel
blockers and nitrates.906 In patients who develop coronary
spasm (with or without provocation) during coronary angiog-
raphy, 0.3 mg of NTG should be infused directly into the
coronary artery that is involved.

6.7.5. Prognosis
The prognosis of variant angina is usually excellent in
patients with variant angina who receive medical therapy,
especially in patients with normal or near-normal coronary
arteries. Yasue et al.915 reported an 89% to 97% overall
5-year survival rate. In a 7-year follow-up in approximately

300 patients, the incidence of sudden death was 3.6% and the
incidence of MI was 6.5%.915 Patients with coronary artery
vasospasm superimposed on a fixed obstructive CAD have a
worse prognosis. In a study of 162 patients with variant
angina by Rovai et al.,894 patients with normal coronary
arteries and single-vessel disease had a 5-year survival rate of
95% compared with a rate of 80% for those with multivessel
disease. Almost identical survival rates were reported in an
earlier study by Walling et al..893 Occasional patients may
require instrumentation with a pacemaker to prevent transient
AV block associated with ischemia or with a defibrillator to
prevent sudden death associated with ischemia-induced ven-
tricular fibrillation. Treatment can at times be very frustrating
in the occasional patient refractory to standard medication.
Cardiac denervation has been used in these patients with
marginal benefit.

6.8. Cardiovascular “Syndrome X”

Recommendations

Class I
1. Medical therapy with nitrates, beta blockers, and

calcium channel blockers, alone or in combination, is
recommended in patients with cardiovascular syn-
drome X. (Level of Evidence: B)

2. Risk factor reduction is recommended in patients with
cardiovascular syndrome X. (Level of Evidence: B)

Class IIb
1. Intracoronary ultrasound to assess the extent of ath-

erosclerosis and rule out missed obstructive lesions
may be considered in patients with syndrome X. (Level
of Evidence: B)

2. If no ECGs during chest pain are available and
coronary spasm cannot be ruled out, coronary angiog-
raphy and provocative testing with acetylcholine,
adenosine, or methacholine and 24-h ambulatory ECG
may be considered. (Level of Evidence: C)

3. If coronary angiography is performed and does not
reveal a cause of chest discomfort, and if syndrome X
is suspected, invasive physiological assessment (i.e.,
coronary flow reserve measurement) may be consid-
ered. (Level of Evidence: C)

4. Imipramine or aminophylline may be considered in
patients with syndrome X for continued pain despite
implementation of Class I measures. (Level of Evi-
dence: C)

5. Transcutaneous electrical nerve stimulation and spinal
cord stimulation for continued pain despite the imple-
mentation of Class I measures may be considered for
patients with syndrome X. (Level of Evidence: B)

Class III
Medical therapy with nitrates, beta blockers, and calcium
channel blockers for patients with noncardiac chest pain
is not recommended. (Level of Evidence: C)

6.8.1. Definition and Clinical Picture
Cardiovascular “syndrome X” refers to patients with angina
or angina-like discomfort with exercise, ST-segment depres-
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sion on exercise testing, and normal or nonobstructed coro-
nary arteries on arteriography.916 This entity should be
differentiated from the metabolic syndrome X (metabolic
syndrome), which describes patients with insulin resistance,
hyperinsulinemia, dyslipidemia, hypertension, and abdominal
obesity. It also should be differentiated from noncardiac chest
pain. Syndrome X is more common in women than in
men.679,916–918 Chest pain can vary from that of typical angina
pectoris to chest pain with atypical features to chest pain that
simulates UA secondary to CAD.917 Other atypical features
can be prolonged chest pain at rest and chest pain that is
unresponsive to NTG.919 Most often, the chest pain occurs
with activity and simulates angina pectoris due to stable
CAD. However, because chest pain can accelerate in fre-
quency or intensity or may occur at rest, the patient can
present with the clinical picture of UA. Therefore, this
syndrome is discussed in this guideline.

The cause of the discomfort and ST-segment depression in
patients with syndrome X is not well understood. The most
frequently proposed causes are impaired endothelium-
dependent arterial vasodilatation with decreased nitric oxide
production, impaired microvascular dilation (non–endotheli-
um-dependent), increased sensitivity to sympathetic stimula-
tion, or coronary vasoconstriction in response to exer-
cise.731,920,921 Increased levels of plasma endothelin correlate
with impaired coronary microvascular dilation.922 There is
increasing evidence that these patients frequently also have
an increased responsiveness to pain and an abnormality in
pain perception.

The diagnosis of syndrome X is suggested by the triad of
anginal-type chest discomfort, objective evidence of ische-
mia, and absence of obstructive CAD. The diagnosis can be
confirmed by provocative coronary angiographic testing with
acetylcholine for coronary endothelium-dependent function
and adenosine for non–endothelium-dependent microvascu-
lar function. Other causes of angina-like chest discomfort not
associated with cardiac disease, such as esophageal dysmo-
tility, fibromyalgia, and costochondritis, must also be elimi-
nated. In addition, in patients with a clinical presentation
consistent with variant angina, coronary spasm must be ruled
out by the absence of ST-segment elevation with the anginal
discomfort or by provocative testing. Myocardial perfusion
scanning may be abnormal owing to a patchy abnormal
response to exercise of the microvasculature that can lead to
reduced coronary flow to different regions of the myocardi-
um.731 Magnetic resonance imaging studies also may suggest
myocardial ischemia.923,924

The intermediate-term prognosis of patients with syndrome X
has been reported to be excellent in older studies.917,919,925 The
CASS registry reported a 96% 7-year survival rate in patients
with anginal-type chest pain, normal coronary arteriograms, and
an LVEF greater than 0.50.926 However, testing for ischemia
was not performed in CASS. More recent data from WISE
indicate that the prognosis in syndrome X, validated by ischemia
testing, is not entirely benign with respect to risk of cardiac death
and nonfatal MI.918,919 The WISE data demonstrate that the
prognosis is related to the extent of angiographic disease across
the range of 20% stenosis to obstructive lesions.918 Long-term
follow-up shows that ventricular function usually remains nor-

mal,919 although there have been reports of progressive LV
dysfunction, and many patients continue to have chest pain that
requires medication.927

Additional data from WISE733,767–774 suggest adverse out-
comes in some women with myocardial ischemia on nonin-
vasive testing and nonobstructive CAD. A number of vari-
ables may be contributory. Intramural lesions, evidence of an
atherosclerotic burden, are evident on intravascular ultra-
sound. A decrease in coronary flow reserve appears to
independently predict major coronary events. In addition,
there is important coronary endothelial dysfunction that may
be related to hormonal influences, inflammatory markers, or
oxidative stress and possibly to a clustering of risk factors as
is seen in the metabolic syndrome. Other microvascular
dysfunction may be present. Although half of the WISE
women with myocardial ischemia documented on noninva-
sive testing had no flow-limiting coronary obstructive disease
at angiography, not only were there persisting symptoms, but
there was a subsequent significant occurrence of coronary
events. Evaluation of the 4-year risk-adjusted freedom from
death or MI showed that women with no or minimal obstruc-
tive disease had a total rate of occurrence of these end points
of 9.4% by 4 years. Pending additional data, aggressive
coronary risk factor reduction appears to be appropriate.

6.8.2. Treatment
Persistence of symptoms is common, and many patients do not
return to work.919 The demonstration of normal coronary arteries
on angiography can be reassuring. In 1 study, after a normal
coronary arteriogram, there was a reduced need for hospitaliza-
tion and a reduction in the number of hospital days for cardiac
reasons.566 However, even minimal atherosclerotic disease on
angiography warrants risk factor modification.

Both beta blockers and calcium channel blockers have been
found to be effective in reducing the number of episodes of chest
discomfort.928,929 Beneficial effects with nitrates are seen in
approximately one half of patients.930 The use of alpha-
adrenergic blockers would appear to be a rational therapy, but
the results of small trials are inconsistent.931 Imipramine 50 mg
daily has been successful in some chronic pain syndromes,
including syndrome X, reducing the frequency of chest pain by
50%.932 Transcutaneous electrical nerve stimulation and spinal
cord stimulation can offer good pain control.933,934 Estrogen in
postmenopausal women with angina and normal coronary arte-
riograms has been shown to reverse the acetylcholine-induced
coronary arterial vasoconstriction, presumably by improving
endothelium-dependent coronary vasomotion,935 and to reduce
the frequency of chest pain episodes by 50%.936 However,
because of increased cardiovascular and other risks documented
in randomized controlled trials of primary and secondary coro-
nary prevention, hormone therapy is not recommended for
chronic conditions.29 Statin therapy and exercise training have
improved exercise capacity, endothelial function, and
symptoms.937,938

It is recommended that patients be reassured of the excel-
lent intermediate-term prognosis and treated with long-acting
nitrates. If the patient continues to have episodes of chest
pain, a calcium channel blocker or beta blocker can be
started.929 Finally, 50 mg of imipramine daily has been
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successful in reducing the frequency of chest pain epi-
sodes.932 Cognitive behavioral therapy can be beneficial.939 If
symptoms persist, other causes of chest pain, especially
esophageal dysmotility, should be ruled out.

6.9. Takotsubo Cardiomyopathy
A disorder, or group of disorders, with several names (stress-
induced cardiomyopathy, transient LV apical ballooning, Takot-
subo cardiomyopathy, and broken heart syndrome) is an uncom-
mon but increasingly reported cause of ACS. Takotsubo
cardiomyopathy is noteworthy for the absence of obstructive
coronary artery disease, typical precipitation by intense psycho-
logical or emotional stress, and predominant occurrence in
postmenopausal women. The characteristic finding of apical LV
ballooning is seen on left ventriculography or echocardiography,
with transient ST elevation or deep T-wave inversions on the
surface ECG. Despite the presence of positive cardiac biomark-
ers and frequent hemodynamic compromise or even cardiogenic
shock, almost all patients recover completely, typically with
normal wall motion within 1 to 4 weeks.730,940,941

7. Conclusions and Future Directions
The last quarter century has witnessed enormous strides in the
understanding of ACS pathophysiology and its management.
These have included the critical role of coronary thrombo-
sis,942 the novel concept and suggestion of a therapeutic
benefit of reperfusion therapy,943–946 and finally, the demon-
stration of mortality reductions with fibrinolysis in large,
multicenter trials.531a However, these trials also uncovered
the paradox that fibrinolysis did not benefit or even harmed
NSTEMI patients.531a This central management dichotomy,
together with other differences between STEMI and UA/
NSTEMI,13 has been reflected since 2000 in separate practice
guidelines. Despite these differences, more remains in com-
mon than distinct, including the discovery that atherothrom-
bosis is an active, inflammatory process.947,948 Further inquiry
has led to the concept of the vulnerable plaque and the
vulnerable patient.949,950

Whereas the incidence and risk of STEMI have decreased
over the past 25 years, the relative frequency of UA/NSTEMI
has increased, and its risk has remained relatively high (now
comparable to that of STEMI).951 Hence, improving UA/
NSTEMI outcomes remains a challenge for the future.

A contemporary multinational observational study has
emphasized the benefits of applying evidence-based guide-
lines in clinical practice.951a Between 1999 and 2006, 27,558
patients with UA/NSTEMI in 14 countries were enrolled and
followed for 6 months after discharge. Increases over the 7
years of enrollment were observed in the use of interventional
therapy and of major pharmacological therapies, including
beta blockers, statins, ACE inhibitors (or ARBs), low molec-
ular weight heparin, GP IIb/IIa inhibitors, and thienopyri-
dines. These changes were accompanied by marked declines
(by one half) in in-hospital rates of heart failure or cardio-
genic shock and recurrent MI and in 6-month rates of death
(from 4.9% to 3.3%) and stroke (1.4% to 0.7%). Improved
outcomes occurred despite an increase in patient risk profile.
The future should emphasize further improvements in
evidence-based guideline applications.

Improving prehospital and ED assessment should aim at
more efficient entry into the health care system (e.g., limiting
delays for NTG-refractory angina before calling 9-1-1),
diagnosis and risk stratification (e.g., using marker changes
while they are still in the normal range; in the future, with the
aid of nontraditional biomarkers), and initiation of therapy.
The future will see the increasing use of new imaging tests to
assess the chest pain patient. By simultaneously assessing
cardiac function, perfusion, and viability, CMR can yield a
high sensitivity and specificity for diagnosis of CAD/ACS.296

Multislice cardiac computed tomography, which combines
coronary calcium scoring with noninvasive coronary angiog-
raphy (current resolution 0.5mm), has undergone favorable
initial evaluation for assessment of the low- to intermediate-
risk chest pain patient.297 The current status and appropriate
application of CMR and cardiac CT are addressed in recent
ACC/AHA documents.25,294

The concept of a network of “heart attack centers” has been
proposed as a way to improve MI care in the future.952–954

These heart attack centers would be organized and certified to
provide the highest levels of care and would be geographi-
cally readily accessible to virtually all patients.

For high-risk patients, the concept of establishing and main-
taining normal levels of myocardial perfusion mechanically
continues to gain support, with evidence favoring intervention at
even shorter (e.g., less than 6 to 24 h) rather than longer (i.e.,
greater than 48 to 96 h) intervals.540 The future should bring
additional important information on this issue.

In contrast, for low-risk patients, evidence is growing that
an initially noninvasive approach may be preferred (e.g., PCI
shows benefit in high-risk women, as in men, but carries
adverse risk potential in low-risk women).532,565 This depen-
dence of therapeutic benefit on disease risk has also been
shown for antiplatelet and anticoagulant therapies. Hence,
there is an increasing need to optimally stratify risk; some
progress has been made (e.g., with the use of biomarkers
integrated into an overall clinical risk score; see Section 2.2),
but further development of risk assessment algorithms will be
welcome in the future.

Platelets play a critical role UA/NSTEMI, and antiplatelet
therapy continues to undergo testing. Higher (e.g., 600 mg or
more of clopidogrel) and earlier loading doses of oral
thienopyridine have been tested since the previous guidelines
were published (see Section 3.2), with evidence of earlier
antiplatelet activity. However, an incremental benefit of
triple-antiplatelet therapy (ASA, GP IIb/ IIIa inhibitor, and
clopidogrel) over double therapy with clopidogrel plus ASA
(without GP IIb/IIIa inhibition) was recently shown for PCI
in the setting of UA/NSTEMI.244

Late thrombosis of DES,400,402,403,955 associated with de-
layed endothelialization,399,399a recently has emerged as a
therapeutic issue.401 Thus, longer periods of dual-antiplatelet
therapy (i.e., at least 1 year) increasingly are advocated (see
Section 3.2). Missing is an individualized approach to anti-
platelet management: the future should bring efficient, vali-
dated platelet function testing to allow titration of the type,
intensity, and duration of antiplatelet therapy. More choices
in antiplatelet therapy can be expected, including intrave-
nously administered and rapidly acting ADP receptor antag-
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onists and more potent and/or more readily reversible oral
agents. Biocompatible stents can also be expected looking
forward, including biodegradable stents.

Triple-anticoagulant therapy (e.g., ASA, a thienopyridine,
and warfarin) increasingly has a potential indication (e.g.,
PCI plus atrial fibrillation, cardiac or vascular thrombosis, or
mechanical heart valve). Its current Class IIb recommenda-
tion (to be used “with caution”1,2; Fig. 11) is in need of a
firmer evidence base.1,2

Anticoagulant choices have proliferated since the last
guidelines were published. Although LMWH (e.g., enoxa-
parin) gained recognition as an alternative or preferred
anticoagulant in the previous guidelines, subsequent study in
the setting of an early PCI strategy has suggested that either
UFH or LWMH is acceptable.423 Meanwhile, agents from 2
new classes have been tested favorably (see Section
3.2).424,425 Fondaparinux, a synthetic factor Xa inhibitor, was
noninferior to enoxaparin at 9 d, with a lower bleeding risk.
However, catheter-related thrombosis with fondaparinux
raises concerns about its use with PCI, a concern amplified by
its failure with PCI in STEMI.433 In contrast, fondaparinux is
an appealing choice with a noninvasive approach to UA/
NSTEMI, especially in those at higher risk of bleeding.

The ACUITY study, which tested bivalirudin for UA/
NSTEMI, has led to a guidelines change to allow bivalirudin as
an anticoagulant option.425 Bivalirudin was found to be nonin-
ferior to UFH/LMWH when given with a GP IIb/IIIa inhibitor.
When given without a GP inhibitor, bleeding rates were lower
but ischemic risk was higher unless clopidogrel therapy had been
given before the procedure. Bivalirudin use was not tested with
a conservative strategy. These guidelines present several options
for anticoagulant/antiplatelet regimens, but whether there are
clear preferences must await additional analysis and an enriched
evidence base and could vary depending on the health care
setting, the preferred treatment strategy (e.g., invasive vs. con-
servative), and individual patient factors.

This guideline revision recognizes ongoing developments
in prevention (see Section 5.1.1). More aggressive LDL-C
lowering (i.e., to the optimal LDL-C goal of less than 70 mg
per dl) further reduces cardiovascular events, although an
incremental mortality benefit remains to be shown.956 An
additional tool for smoking cessation has appeared (vareni-
cline), and others are in testing (see Section 5.2). High
compliance with recommended secondary prevention mea-
sures has been shown to improve outcomes, but optimal
compliance is still lacking, including at hospitals peer-rated
as top tier.957 The evidence base for therapeutic lifestyle
change continues to grow; the challenge for the future is more
successful implementation (see Section 5.2).

Primary prevention remains a major challenge. Risk is
currently assessed by traditional factors (e.g., Framingham
risk score) and the intensity of treatment by risk score-
determined goals. The majority of coronary events occur in a
large segment of the population whose risk is intermediate
(neither very low nor very high). Routine individual screen-
ing for asymptomatic disease is widely accepted for common
cancers (e.g., colon and breast cancer) but not for atheroscle-
rosis. Application of an “atherosclerosis test” (e.g., coronary
artery calcium scoring or carotid intima-media thickness
assessment) to middle-aged adults at intermediate risk has
been proposed.25,294,949,950 The future will determine how
broadly extended primary screening will be accepted to
identify the “ACS-vulnerable” patient.

Progress in UA/NSTEMI remains uneven, with rapid
evolution in some areas but slow progress in others. Our hope
is that guidelines increasingly become based on levels of
evidence A (or B). Writing these guidelines has highlighted
the many holes in the fabric of the current evidence base.
Academia, regulatory agencies, practicing physicians, profes-
sional organizations, and patient advocacy groups, as well as
industry, must cooperate to achieve the universal goal of a
fully evidence-based management strategy for UA/NSTEMI
in the future. Strategies must include not only innovations in
diagnosis and treatment but also fresh approaches to motivat-
ing lifestyle changes, leading to improved diet, weight con-
trol, physical activity, and tobacco avoidance, as well as to
better compliance with evidence-based medical therapies.380

7.1. Recommendations for Quality of Care and
Outcomes for Acute Coronary Syndromes (NEW
SECTION)
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Appendix 1. Relationships With Industry–ACC/AHA Committee to Revise the 2002 Guidelines for the Management of Patients With
Unstable Angina/Non–ST-Elevation Myocardial Infarction (UPDATED) (see 2011 Focused Update)
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Committee Member Research Grant Speaker’s Bureau Stock Ownership Consultant/Advisory Member

Robert M. Califf
(continued)

• Aviron Flu Mist
• Bayer AG
• Bayer Corp.
• Berlex
• Biocompatibles, Ltd.
• Biogen
• Bioheart
• Biomarin
• Biosense Webster, Inc.
• Biosite
• Biotronik
• Biotechnology General Corp.
• Boehringer Ingleheim
• Boston Scientific
• Bracco Diagnostics
• Bristol-Myers Squibb
• CanAm Bioresearch, Inc.
• Cardiac Science, Inc.
• Cardiodynamics
• CardioKinetix, Inc.
• Caro Research
• Celsion Corp.
• Centocor
• Chase Medical
• Chugai Biopharmaceuticals, Inc.
• Coley Pharma Group
• Conor Medsystems, Inc.
• Corautus Genetics, Inc.
• Cordis
• Corgentech
• Covalent Group
• Critical Therapeutics, Inc.
• CryoVascular Systems, Inc.
• CTS Durham
• Cubist Pharmaceuticals
• CV Therapeutics, Inc.
• Dade Behring
• Daiichi
• Dupont
• Dyax
• Echosens, Inc.
• Eclipse Surgical Technologies
• Edwards Lifesciences
• Enzon
• Ernst and Young
• Esai
• Ev3, Inc.
• Evalve, Inc.
• First Circle Medical, Inc.
• First Horizon
• Flow Cardia, Inc.
• Fox Hollow Pharmaceuticals
• Fujisawa
• Genentech
• General Electric Healthcare
• General Electric Medical Systems
• Genome Canada
• Genzyme Corporation
• Gilead
• GlaxoSmithKline
• Guidant
• Guilford Pharmaceuticals

(Continued)

e544 Circulation May 10, 2011

 by guest on M
ay 29, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


Appendix 1. Continued
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Ownership/
Partnership/

Principal Research Grants Salary

Jose Diez • Content–ACCF
Cardiac
Catheterization and
Intervention
Committee

• Sanofi-Aventis None None None None

Stephen Ellis • Content–ACC/AHA
Acute Coronary
Syndromes Data
Standards Writing
Committee

• Abbott
• Boston Scientific
• Cordis
• Viacor

None None • Centocor None

James Ferguson • Content–ACCF
Cardiac
Catheterization and
Intervention
Committee

• Bristol-Myers Squibb
• Eisai†
• GlaxoSmithKline
• Prism
• Sanofi-Aventis†
• Schering-Plough
• Takeda
• The Medicus Co.
• Therox

• Bristol-Myers Squibb
• Sanofi-Aventis†
• Schering-Plough

None • Eisai
• The Medicus Co.
• Vitatron/Medtronic

None

Gregg Fonarow • Content–ACCF
Prevention of
Cardiovascular
Disease Committee

• AstraZeneca
• Bristol-Myers

Squibb/Sanofi†
• GlaxoSmithKline†
• Guidant
• Medtronic†
• Merck/Schering-Plough†
• Pfizer†
• St. Judes

• AstraZeneca
• Bristol-Myers

Squibb/Sanofi†
• GlaxoSmithKline†
• Medtronic†
• Merck/

Schering-Plough†
• Pfizer†

None • Guidant
• Medtronic†
• Pfizer†
• St. Judes

None

Robert
Harrington

• Content–ACC/AHA
Acute Coronary
Syndromes Data
Standards Writing
Committee

None None None • AstraZeneca†
• Bristol-Myers Squibb†
• Lilly†
• JMC†
• Merck†
• Sanofi-Aventis†
• Schering-Plough†

None

Edward
Havranek

• Content–ACC/AHA
Task Force on Data
Standards

• CV Therapeutics
• McKesson

None None None None

Harlan Krumholz • Content–ACC/AHA
STEMI Guidelines
Writing Committee,
ACC/AHA Acute
Coronary
Syndromes Data
Standards Writing
Committee

• CV Therapeutics
• United Healthcare†

None None None None

Janet Long • Content–ACCF
Prevention of
Cardiovascular
Disease Committee

None • AstraZeneca None None None

C. Noel Bairey
Merz

• Content • AstraZeneca
• Bayer†
• KOS
• Merck
• Pfizer

None • Eli Lilly†
• Johnson

Johnson†
• Medtronic†

• Merck
• Pfizer†

None
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Appendix 2. Continued

Peer Reviewer� Representation
Consulting

Fees/Honoraria Speaker’s Bureau

Ownership/
Partnership/

Principal Research Grants Salary

Debabrata
Mukherjee

• Content–ACCF
Cardiac
Catheterization
and Intervention
Committee

None None None None None

Charles Mullany • Content–
ACC/AHA STEMI
Guidelines Writing
Committee

None None None • AstraZeneca
• Atricure
• Avant Immunotherapeutics
• Baxter
• Carbomedics/Sorin Group
• CryoLife
• Jarvik Heart
• Medtronic
• St. Jude Medical
• Thoratec Corporation
• TransTech Pharma
• W.L. Gore and Associates

None

Magnus Ohman • Content–ESC
Guidelines on
Non–ST-Elevation
Acute Coronary
Syndromes
Writing
Committee

• Inovise†
• Liposcience
• Response

Biomedical
• Savacor†
• The Medicines

Company

None • Inovise†
• Medtronic†
• Savacor†

• Berlex†
• Bristol-Myers Squibb†
• Eli Lilly†
• Millenium Pharmaceuticals†
• Sanofi-Aventis†
• Schering-Plough†

None

Joseph Ornato • Content–ACC/AHA
STEMI Guidelines
Writing
Committee

• Boehringer
Ingelheim

• Bristol-Myers
Squibb

• Genetech
• PDL BioPharma,

Inc.
• ZOLL

None None None None

Rita Redberg • Content–ACCF
Prevention of
Cardiovascular
Disease
Committee

None None None None None

Charanjit Rihal • Content–ACCF
Cardiac
Catheterization
and Intervention
Committee

None None None None None

David Williams • Content–ACC/
AHA/SCAI PCI
Guidelines Writing
Committee

• Abbott
• Cordis†

None None • Cordis Guidant None

Kim Williams • Content–ACCF
Cardiovascular
Imaging
Committee

• CV Therapeutics†
• GE Healthcare†
• King

Pharmaceuticals†

• Astellas
Healthcare†

• GE Healthcare†

None • Bristol-Myers Squibb†
• CV Therapeutics†
• GE Healthcare†
• Molecular Insight Pharmaceuticals†

This table represents the relationships of peer reviewers with industry that were disclosed at the time of peer review of this guideline. It does not necessarily reflect
relationships with industry at the time of publication.

�Names are listed in alphabetical order within each category of review.
†Indicates a significant relationship (valued at $10,000 or more).
§Participation in the peer review process does not imply endorsement of this document.
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Appendix 3. Abbreviations (UPDATED) (see 2011 Focused Update)

AAFP American Academy of Family Physicians

ACC American College of Cardiology

ACCF American College of Cardiology Foundation

ACE angiotensin converting enzyme

ACEP American College of Emergency Physicians

ACP American College of Physicians

ACS acute coronary syndrome

ACT activated clotting time

ACUITY Acute Catheterization and Urgent Intervention Triage strategy

AHA American Heart Association

AMI acute myocardial infarction

aPTT activated partial thromboplastin time

ARTS Arterial Revascularization Therapy Study

ASA aspirin

AST, SGOT aspartate aminotransferase

AV atrioventricular

BARI Bypass Angioplasty Revascularization Investigation

BNP B-type natriuretic peptide

CABG coronary artery bypass graft

CABRI Coronary Angioplasty versus Bypass Revascularization Investigation

CAD coronary artery disease

CAPTURE c7E3 Fab Antiplatelet Therapy in Unstable Refractory Angina trial

CASS Coronary Artery Surgery Study

CCB calcium channel blocker

CCTA coronary computed tomographic angiogram

CHD coronary heart disease

CI confidence interval

CKD chronic kidney disease

CK-MB creatine kinase-myocardial band

CMR cardiac magnetic resonance

COMMIT CIOpidogrel and Metoprolol in Myocardial Infarction Trial

COX cyclooxygenase

CPR cardiopulmonary resuscitation

CREDO Clopidogrel for the Reduction of Events During Observation trial

CRP C-reactive protein

CT computed tomography

cTn cardiac troponin

CURE Clopidogrel in Unstable Angina to Prevent Recurrent Events trial

CVD cardiovascular disease

d day

DAVIT Danish Study Group on Verapamil in Myocardial Infarction

DES drug-eluting stent

DIGAMI Diabetes and Insulin-Glucose Infusion in Acute Myocardial Infarction

ECG electrocardiogram

ED emergency department

EMS emergency medical services

EPIC Evaluation of c7E3 for the Prevention of Ischemic Complications

EPILOG Evaluation of PTCA and Improve Long-term Outcome by c7E3 GP IIb/IIIa receptor blockade

EPISTENT Evaluation of Platelet IIb/IIIa Inhibitor for STENTing

ERACI-II Estudio Randomizado Argentino de Angioplastia vs. Clrugia-II

(Continued)
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Appendix 3. Continued

ESC European Society of Cardiology

ESSENCE Efficacy and Safety of Subcutaneous Enoxaparin in Unstable Angina and Non-Q Wave Myocaridal Infarction trial

FRIC FRagmin In ustable Coronary artery disease

FRISC Fast Revascularization During Instability in Coronary Artery Disease

FRISC-II Fast Revascularization During Instability in Coronary Artery Disease-II

GISSI Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto-1 1 trial

GISSI-3 Gruppo Italiano per lo Studio della Sopravvivenza nell’infarto Miocardico

GP glycoprotein

GRACE Global Registry of Acute Coronary Events

GUSTO Global Utilization of Streptokinase and t-PA for Occluded Arteries

GUSTO-II Global Use of Strategies to Open Occluded Coronary Arteries II

h hour

Hb hemoglobin

HDL-C high-density lipoprotein cholesterol

HF heart failure

HOPE Heart Outcomes Prevention Evaluation Study

HR hazard ratio

IABP intra-aortic balloon pump

ICTUS Invasive versus Conservative Treatment in Unstable coronary Syndromes

ICU intensive care unit

IPT interpersonal psychotherapy

INR international normalized ratio

ISAR-REACT Intracoronary stenting and Antithrombotic Regimen- Rapid Early Action for Coronary Treatment

ISIS-2 Second International Study of Infarct Survival

ISIS-4 Fourth International Study of Infarct Survival

IU international unit

IV intravenous

JNC 7 Seventh Joint National Committee on High Blood Pressure

kg kilogram

LAD left anterior descending coronary artery

LDL-C low-density lipoprotein choloesterol

LMWH low-molecular-weight heparin

LV left ventricular

LVEF left ventricular ejection fraction

MASS II Multicenter Anti Atherosclerotic Study II

MATE Medicine versus Angiography in Thrombolytic Exclusion

MDPIT Multicenter Diltiazem Postinfarction Trial

MDRD Modification of Diet and Renal Disease

METS metabolic equivalents

MI myocardial infarction

MVO2 myocardial oxygen demand

NCEP National Cholesterol Education Program

NHLBI National Heart, Lung, and Blood Institute

NS nonsignificant

NSTEMI non-ST-segment elevation myocardial infarction

NTG nitroglycerin

NT-proBNP N-terminal B-type natriuretic peptide

OASIS Organization to Assess Strategies for Ischemic Syndromes

OR odds ratio

PCI percutaneous coronary intervention

(Continued)
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Appendixes 4–8 (NEW SECTION) (see 2011 Focused Update)

Appendix 3. Continued

PDA personal digital assistant

PRISM Platelet Receptor Inhibition in Ischemic Syndrome Management

PRISM-PLUS Platelet Receptor Inhibition in Ischemic Syndrome Management in Patients Limited by Unstable Signs and Symptoms

PTCA percutaneous transluminal coronary angioplasty

PURSUIT Platelet Glycoprotein IIb/IIIa in Unstable 16 Angina: Receptor Suppression Using Integrilin Therapy

REACT Rapid Early Action for Coronary Treatment

REPLACE-2 Randomized Evaluation of PCI Linking Angiomax to reduced Clinical Events

RITA Research Group in Instability in Coronary Artery Disease trial

RR risk ratio

SaO2 arterial oxygen saturation

SC subcutaneous

SCAI Society for Cardiovascular Angiography and Interventions

SHOCK SHould we emergently revascularize Occluded Coronaries for cardiogenic shocK study

SoS Stent or Surgery

STEMI ST-elevation myocardial infarction

STS Society of Thoracic Surgeons

SVG saphenous vein graft

SYNERGY Superior Yield of the New Strategy of Enoxaparin, Revascularization and Glycoprotein IIb/IIIa Inhibitors trial

TACTICS-TIMI 18 Treat Angina with Aggrastat and determine Cost of therapy with Invasive or Conservative Strategy (TACTICS) TIMI-18 trial

TARGET Do Tirofiban and ReoPro Give Similar Efficacy Outcomes Trial

TIMI Thrombolysis In Myocardial Infarction

TnI troponin I

TnT troponin T

U units

UA unstable angina

UA/NSTEMI unstable angina/non-ST-elevatioin myocardial infarction

UFH unfractionated heparin

VANQWISH Veterans Affairs Non-Q-Wave Infarction Strategies in Hospital

VINO Value of first day angiography/angioplasty In evolving Non-ST-Segment elevation myocardial infarction: Open randomized trial

WISE Women’s Ischemia Syndrome Evaluation
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