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B. Cost Comparison With Angioplasty

The cost-effectiveness of angioplasty is dependent on the
preangioplasty symptoms of the patient in the same way
that CABG surgery is so dependent, particularly in sub-
groups in whom revascularization cannot be shown to have
a survival benefit compared with medical therapy (ie, in
single-vessel disease). Because it relieves angina, angioplasty
for single-vessel-disease patients with severe angina is esti-
mated to have a cost-effectiveness of $9,000/QALY. In
patients with only mild angina, however, angioplasty in the
setting of LAD single-vessel disease is estimated to have a
poor cost-effectiveness of $92,000/QALY (723).

A direct comparison of the cost of angioplasty and
coronary bypass surgery for selected patients with multives-
sel disease (ie, those patients for whom either therapeutic
modality was considered appropriate) has been made in the
randomized trials of angioplasty versus CABG.

In general, the cost analyses of randomized trials have
revealed that the initial cost of angioplasty is ~50% to 65%
of the initial cost of bypass surgery. The incremental cost of
repeated procedures during the follow-up period has led to
a cumulative cost of angioplasty that approaches the cumu-
lative cost of bypass surgery at 3 years. The EAST found
that the 3-year inpatient cost of angioplasty was 94% of that
of bypass surgery (134). The RITA Trial, which included a
large number of patients with single-vessel disease, found
that the 2-year cumulative cost of angioplasty was 80% of
the cost of coronary bypass (135). The BARI trial con-
ducted a prospectively designed analysis of the comparative
cost of the 2 procedures from a subgroup of the participating
centers, comprising a total of 934 of the 1829 patients
enrolled (125). The mean initial hospital cost of angioplasty
was 65% of that of surgery, but after 5 years the cumulative
cost of initial surgical therapy was only $2,700 more than
the cost of initial angioplasty (an ~5% difference). Because
the surgical cohort had a higher overall 5-year survival, the
cost of this survival benefit could be calculated. It was found
to be $26,000/y of survival benefit for surgical therapy of 2-
and 3-vessel disease (in patients for whom either angioplasty
or surgery was considered appropriate initial therapy). As
considered in the previous section, this incremental cost for
double- and triple-vessel disease is within the range of costs
for generally accepted therapies. It is notable that this cost
of incremental benefit does not consider the benefit of
coronary bypass in terms of relief of angina during the
follow-up interval, which was demonstrated in each of these
3 trials (BARI, EAST, and RITA). If this factor were
included, the cost-¢ffectiveness of CABG for incremental
benefit in these selected patients with multivessel disease
($/QALY) would be <$26,000.

Previous considerations of both patient benefit and cost-
effectiveness have suggested that angioplasty is less effective
for patients with more advanced disease. Data gathered at
Duke University has shown that there is a significant cost
gradient for angioplasty as the extent of disease increases
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Figure 13. Percentage of 1-year costs for PTCA and CABG.
Reproduced with permission from (724).

(related to repeated procedures whose instance may be
reduced by stents), which is not apparent for coronary
bypass (Figure 13) (724).

C. Cost Reduction in Coronary Bypass

Estimates presented in the previous portion of this
section suggest that coronary bypass has been cost-effective
in the last 2 decades. Initiatives to decrease the length of
stay by using clinical pathways and standardized fast-track
protocols have reduced hospital costs. Indeed, the estimates
made by Weinstein and Stason are distinctly dated: im-
provements in outcomes and shortened lengths of hospital-
ization are likely to have considerably improved the cost-
effectiveness of CABG (and angioplasty) since 1982.

A major innovation has been the introduction of off-
bypass CABG, which has reduced the postprocedure length
of stay to between 2 and 3 days. In some centers, this has led
to a total 3-month cost for single-vessel coronary bypass
that is not significantly different from the total 3-month cost
for angioplasty of single-vessel disease (620). Considering
the favorable long-term patency of an IMA graft to the
LAD, the cost reductions possible with off-bypass CABG
may improve the relative cost-effectiveness of coronary
bypass compared with either medical therapy or percutane-
ous techniques, particularly for symptomatic, proximal

LAD disease.

IX. INDICATIONS
A. Introduction

1. Quality of Life. The CABG operation is indicated both
for the relief of symptoms and for the prolongation of life.
The 1991 Guidelines focused on survival relative to medical
therapy as the pivotal indication for operation. In addition
to extension of the length of life, this operation is an
important therapeutic tool for the relief of disabling symp-
toms.

The 1991 Guidelines state that “the evidence is complete
that the coronary artery bypass operation relieves angina in
most patients.” The results of the randomized trials of

CABG versus PTCA have confirmed and extended this
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conclusion (725). Not only did CABG effectively relieve
angina in the symptomatic patients enrolled in the random-
ized trials, but also freedom from angina and from antian-
ginal medications was superior in the CABG cohorts
compared with PTCA cohorts.

The benefit realized from the use of CABG to relieve
disabling symptoms must be balanced against the risk of the
operation and tempered by the potential activity level of the
individual patient. This risk may be very low in selected
groups of patients. In a series of 1386 patients with single-
and double-vessel disease aged <66 years, without CHF,
and an EF>0.35 from the early 1980s at Emory University,
a hospital mortality of 0.07% (1 patient) was reported. Not
only did these young, healthy patients have a very low risk,
but their potential for renewal of an active lifestyle was
exceptionally high. CABG in patients such as these for
relief of disabling angina after failure of medical therapy is
an attractive option, even if no survival benefit can be
predicted. If, on the other hand, one were to consider a
78-year-old patient with limiting arthritis and class II
angina, then the potential benefit of CABG will be consid-
erably less and the risk comparably greater. In this case, the
attractiveness of PT'CA or continued medical therapy as the
appropriate therapy is enhanced.

Some caution must be expressed in the use of CABG for
relief of symptoms. CABG treats the manifestations of
CAD, not the disease process. As coronary disease
progresses, therefore, angina often returns. The hazard
function for return of angina is low for the first 5 years after
operation and then begins to rise, seemingly related to late
closure of bypass conduits. So long as the patient and the
practitioner understand that angina may return after 5 to 10
years, the application of CABG for the relief of angina
rather than for survival benefit is appropriate, particularly in
low-risk patients. If preoperative symptoms are disabling,
there is a high probability for a return to a fully functional
lifestyle and, as discussed in Section VIII, the procedure is
cost-effective as well.

2. Survival. The second important indication for CABG,
after relief of symptoms, is prolongation of life. The
randomized trials of CABG versus medical therapy have
defined patient subsets whose survival is enhanced. These
patients tend to be those with advanced coronary disease:
notably left main disease and triple-vessel disease (or
double-vessel disease including a proximal LAD stenosis)
combined with LV dysfunction. The survival benefit of
CABG was examined in detail in the 1991 Guidelines and
will be applied to specific patient subgroups in the following
sections.

B. Chnical Subsets

1. Asymptomatic or Mild Angina. For patients with no
symptoms or mild angina, the appropriateness of coronary
bypass surgical therapy is based on survival advantage
therapy compared with nonsurgical therapy. The relative
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appropriateness of percutaneous versus surgical therapy is
discussed in Section III. To identify anatomic subsets in
which coronary bypass is beneficial, definition of “impor-
tant” coronary stenosis is necessary. For this and all subse-
quent sections, coronary stenosis will be defined as a 50% or
greater reduction of lumen diameter. This is the degree of
narrowing defined as important in the majority of random-
ized trials that have examined the relationship of coronary
anatomy and survival after CABG. It is important to note
that the level of angina in this category is not considered an
indication for surgery. Moderate or severe angina would
represent symptoms that many patients find unacceptable
despite adequate medical therapy. Contrariwise, in this
category, patients are either completely asymptomatic or
have acceptable symptoms such that bypass surgery for
symptom relief is not the issue.

The indication for bypass surgery in this category relates
to the extent of coronary disease, the demonstration of
objective signs or symptoms of this disease, and consider-
ation for the risk of nonmedical therapy, which may include
either bypass surgery or angioplasty. As stated in Section
III, C, the data on which these classifications are assigned
are based on 3 randomized controlled trials, several smaller
randomized trials, a subsequent meta-analysis of these data,
and several observational studies. The limitations of these
data are discussed in Section III, C and listed in Table 6.

Indications for CABG in Asymptomatic or Mild
Angina

Class 1

1. Significant left main coronary artery stenosis.

2. Left main equivalent: significant (=70%) stenosis
of the proximal LAD and proximal left circamflex
artery.

3. Three-vessel disease. (Survival benefit is greater in
patients with abnormal LV function; eg, EF
<0.50.)

Class Ila
Proximal LAD stenosis with 1- or 2-vessel disease.*

Class IIb
One- or 2-vessel disease not involving the proximal

LAD.}
Class II1

See text.

2. Stable Angina. For patients with stable angina, the
indication for CABG is based both on the likelihood of
improving survival and on the likelihood of relief of
lifestyle-limiting symptoms. Based on the 3 large, prospec-
tive, randomized trials comparing medical with surgical

*Becomes Class I if extensive ischemia documented by noninvasive study and/or
LVEF <50%.

FIf large area of viable myocardium and high-risk criteria or noninvasive testing,
becomes Class 1.
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therapy and multiple observational studies, the patient
factors most influencing a decision to recommend CABG
include the presence of severe proximal multivessel coronary
disease, LV dysfunction, a strongly positive stress test, and
comorbid conditions such as PVD and diabetes. Additional
factors that are of critical importance relate to the perceived
immediate risk of bypass surgery and the long-term prog-
nosis, particularly whether the patient’s potential improve-
ment in longevity or quality of life due to a successful bypass
operation justifies the short-term risk.

Indications for CABG in Stable Angina

Class 1

1. Significant left main coronary artery stenosis.

2. Left main equivalent: significant (=70%) stenosis
of the proximal LAD and proximal left circamflex
artery.

3. Three-vessel disease. (Survival benefit is greater
when LVEF <0.50.)

4. Two-vessel disease with significant proximal LAD
stenosis and either EF <0.50 or demonstrable
ischemia on noninvasive testing.

5. One- or 2-vessel CAD without significant proximal
LAD stenosis, but with a large area of viable
myocardium and high-risk criteria on noninvasive
testing.

6. Disabling angina despite maximal noninvasive
therapy, when surgery can be performed with ac-
ceptable risk. If angina is not typical, objective
evidence of ischemia should be obtained.

Class IIa

1. Proximal LAD stenosis with 1-vessel disease.*

2. One- or 2-vessel CAD without significant proximal
LAD stenosis, but with a moderate area of viable
myocardium and demonstrable ischemia on nonin-
vasive testing.

Class II1

1. One- or 2-vessel disease not involving significant
proximal LAD stenosis, in patients who have mild
symptoms that are unlikely due to myocardial isch-
emia or who have not received an adequate trial of
medical therapy and
(A) Have only a small area of viable myocardium or
(B) Have no demonstrable ischemia on noninvasive
testing.

2. Borderline coronary stenoses (50% to 60% diameter
in locations other than the left main coronary
artery) and no demonstrable ischemia on noninva-
sive testing.

3. Insignificant coronary stenosis (<50% diameter re-
duction).

*Becomes Class I if extensive ischemia documented by noninvasive study and/or
LVEF <50%.
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3. Unstable Angina/Non—Q_Wave MI. Indications for
coronary bypass surgery in this category relate not only to
survival but also to the relief of symptoms. Thus, in general,
all of the survival indications listed for the asymptomatic
patient or the individual with stable angina apply. However,
timing of surgery becomes a critical consideration. Some
reports have suggested a high mortality after CABG in
patients with acute unstable angina or non—-Q wave MI and
have shown that one of the independent predictors of
mortality after coronary bypass surgery is the stability of the
patient going to operation. Other investigators have not
found this association (Section V, K). In the patient in
whom stabilization with aggressive medical therapy may be
achieved, it is advisable to stabilize and reduce ongoing
ischemia before proceeding to bypass surgery.

Indications for CABG in Unstable Angina/Non—
Q_Wave MI

Class 1
1. Significant left main coronary artery stenosis.
2. Left main equivalent: significant (=70%) stenosis of
the proximal LAD and proximal left circumflex artery.
3. Ongoing ischemia not responsive to maximal non-
surgical therapy.

Class I1a

Proximal LAD stenosis with 1- or 2-vessel disease.*

Class IIb
One- or 2-vessel disease not involving the proximal

LAD.}

Class II1
See text.

4. ST-Segment Elevation (Q-Wave) MI. Although early
coronary bypass surgery as a primary reperfusion strategy in
patients suffering from an ST-segment elevation infarction
has been reported, the widespread use of intravenous
thrombolytic therapy for this purpose and more recently,
primary angioplasty, has largely superseded early application
of bypass surgery. Studies have shown that eventual infarct
size and the subsequent risk of mortality and/or LV dys-
function are related to the time from the onset of symptoms
until coronary reperfusion. Although, on average, coronary
bypass surgery requires a longer time to establish coronary
reperfusion than either of the nonsurgical techniques, mod-
ification of the conditions of reperfusion that is possible
with surgical therapy may offer some benefit with regard to
eventual infarct size relative to percutaneous or thrombolytic
therapy. Despite this potential benefit of reperfusion mod-
ification, coronary bypass is rarely performed for this indi-
cation except in special circumstances. The decision to
perform surgery requires angiographic demonstration of
adequate target vessels in the region of infarction and

FIf large area of viable myocardium and high-risk criteria on noninvasive testing,
becomes Class I.
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Table 18. Coronary Artery Bypass Graft Surgery Mortality in Patients With Acute Myocardial

Infarction (MI)

Mortality % (n/N)

Relative Risk

Q-Wave Non—-Q-Wave Total
MI MI Mortality IABP Inotropes Perioperative
Group
<48 Hours 50 (3/6) 0(0/1) 18 9.3 35 3.0
3-5 Days 0(0/7) 16 (1/6) 3.3 14.6 1.5 1.2
6—42 Days 10 (4/45 1.9 (1/51) 2.2 5.99 1.8 1.4

TABP indicates intra-aortic balloon pump.

usually other regions as well. In most circumstances, early
coronary bypass for acute infarction is appropriate only in
patients with residual ongoing ischemia despite nonsur-
gical therapy, be it thrombolysis, angioplasty, or both. As
with angioplasty, the risks of bypass operation in patients
in the midst of an acute ST-segment elevation infarction
are substantially higher than are the risks in elective
candidates.

To determine the benefits and liabilities of treatment of
an acute MI with CABG requires accurately defining the
topic. The definition of acute MI is the resultant ischemic
muscle injury after reduction or interruption of the coronary
artery blood supply. The obvious weakness in this definition
is the variability of the tissue damage. This has been
addressed by subclassifying MIs into Q-wave and non—Q_
wave-types. A Q-wave infarction has been defined as
ST-segment changes that progress to new Q_waves in
addition to a creatine phosphokinase (CPK)-MB isoenzyme
elevation of >10 IU/L. Non—Q wave infarction is defined as
ST-segment and T-wave abnormalities that do not progress
to pathological Q_waves but show abnormal elevations of
CPK-MB isoenzyme of >10 IU/L (606). The decision or
appropriateness to recommend surgical revascularization
in the face of an acute MI depends on the clinical
symptoms and the presence of persistent ischemia despite
maximum medical therapy. This is also the algorithm
that is used to decide to proceed with catheter-based
therapy. It appears that when there is a situation that is
not amenable to medical or catheter-based therapy and
persistent ischemia is present, CABG is indicated. This is
presuming that there is no overwhelming contraindica-
tion against operation.

There are specific conditions other than default that will
warrant CABG in the face of an acute MI: the presence of
left main stenosis, severe 3-vessel disease, associated valve
disease (whether secondary to the MI or unrelated), and
anatomy unsuitable for other forms of therapy. The litera-
ture is somewhat vague regarding the categories for surgical
intervention. Some of the reports address Q-wave versus
non—Q wave infarctions while others address the recency of
MI to operation (ie, <6 hours, 6 hours to 2 days, 2 to 14
days, 2 to 6 weeks, and >6 weeks) or unstable angina
versus evolving MI, mechanical complications, acute

occlusions, and control patients. It is best to review these
separately and try to identify a common recommendation
and approach.

Braxton et al (606) studied the comparative effect of
operating on patients with a Q-wave MI and non—Q_wave
MI versus a control group. Table 18 illustrates the mortality
and relative risks. Excluding the patients who require
emergency operation for mechanical complications of an
acute MI, the patients undergoing CABG within 48 hours
of the Q-wave MI will carry a significantly increased
operative mortality approaching 50%. The data imply that
for such patients, there is little to be gained by waiting >48
hours in most circumstances. The implication is also made
that symptomatic patients with a non—-Q_wave MI may
undergo surgical revascularization at any time with no
significant increase in mortality over elective patients (606).
This is substantiated in a recent article by Goodman et al
(603), wherein MI after thrombolytic therapy was evaluated
in relation to events with Q-wave versus non—Q_wave MIs.
The non—Q_wave MI was more likely to be nonanterior,
distally located, and have better global and regional LV
function. In the setting of thrombolysis after MI, patients
with a non—Q_wave MI were more likely to have early,
complete, and sustained infarct-related artery patency and
better LV function. This identification of anatomic and
functional differences between Q-wave and non—Q_wave
MIs should also translate into operative risk for these 2
patient cohorts and verifies the worse operative risk with
surgery in the early Q-wave period.

Creswell et al (601) retrospectively reviewed 2296 pa-
tients who underwent CABG after an acute MI. A gener-
alization that was made was that the operative mortality
decreased as the time between the acute MI and operation
increased. Patients who underwent operation <6 hours had
an operative mortality of 8.4% and those who underwent
operation >6 hours, 4.3% (P = 0.02) (Table 19). Addi-
tional findings were that despite the urgency of operation,
operative mortality was greater for those patients with a
preoperative M1 than those without an MI. It is important
to note that when the independent risk factors of urgency of
operation, increased patient age, renal insufficiency, number
of previous Mls, and hypertension were adjusted for, the
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Table 19. Coronary Artery Bypass Graft Surgery Mortality After Acute Myocardial Infarction

(MI): Effect of Delaying Operation

Outcome <6 Hours 6-48 Hours 2-14 Days 2-6 Weeks >6 Weeks No MI
Op mort 9.1% 8.3% 5.2% 6.5% 2.9% 2.1%
Periop MI 9.1% 9.8% 2.8% 2.7% 4.0% 3.9%
Trans CVA 0.0% 3.0% 1.3% 0.4% 0.8% 0.8%
Perm CVA 9.1% 3.8% 2.9% 1.5% 2.3% 1.2%
AF 27.2% 40.9% 33.0% 39.1% 31.8% 30.7%

Op mort indicates operative mortality; Periop, perioperative; Trans, transient; CVA, cerebrovascular accident; Perm, permanent;

and AF, atrial fibrillation.

time interval between MI and CABG was not a significant
predictor of death.

A third way to examine the impact of an MI on operative
mortality was reported by von Segesser et al (599). In this
series, 641 of 3,397 patients had stable or unstable angina,
respectively, and underwent CABG. These 641 patients
were divided into 5 groups. Group A patients had unstable
angina that involved the inclusion of 2 of 6 criteria including
impending infarction, electrocardiographic ST-segment
modifications, minimal increases in CPK values, prolonged
angina at rest, angina resistant to intravenous medication,
and postinfarction angina. Group B patients were sustaining
an evolving MI defined as either a new electrocardiographic
Q_wave; electrocardiographic ST-segment modifications;
and CPK-MB values >8% of total CPK, CPK >3 times
normal; CPK-MB >10% of total CPK; or new LV dyski-
nesis on echocardiography or scintigraphy. Group C pa-
tients had mechanical complications of acute MI. Group D
patients had an acute coronary occlusion (emergency post-
PTCA or angiography), and Group E patients had stable
class IV angina (control).

In this series, acute CABG in patients with unstable
angina, evolving MI, and acute coronary occlusion demon-
strated results comparable to those of CABG in the elective
cohort. Late survival in these 3 cohorts was similar to that of
the group with stable angina. The worst late survival was in
those with mechanical complications, although it was ac-
ceptable. The conclusions of this investigation support acute
revascularizations in unstable angina and selected patients
after acute MI.

A review of other articles dealing with operation after
acute MI (38,456,600,726) suggests that unless patients are
in cardiogenic shock or have mechanical complications of
acute MI, early CABG can be performed with little of no
increase in risk of perioperative mortality.

Mechanical complications of acute MI include ventricular
septal defect, MR secondary to papillary muscle infarction
and/or rupture, and LV free-wall rupture (727-734). There
is general agreement that cardiogenic shock associated with
a mechanical complication of an MI warrants emergency
operation to correct the defect as a life-saving procedure.
Although there is less consensus as to the timing of
operation for patients with ventricular septal defect or MR

after acute MI with hemodynamic stability, most cardiac
surgical centers proceed promptly to surgery.

There does not appear to be clear documentation of the
best timing for stable patients with a mechanical complica-
tion. There has been the argument to delay operation to
allow the friable tissue to “mature” and hold sutures; this
invokes some Darwinian selection process and prompted
Norell et al (727) to approach all of these types of problems
acutely. Their results did not demonstrate a statistical
difference between acute and subacute operation. It must be
stated, however, that the numbers in many of these series
were small or included patient enrollment extending over
several decades while techniques, understanding of physiol-
ogy, and philosophy have advanced.

Indications for CABG in ST-Segment Elevation
(Q-Wave) MI

Class 1

None.

Class Ila
Ongoing ischemia/infarction not responsive to maxi-
mal nonsurgical therapy.

Class IIb
1. Progressive LV pump failure with coronary stenosis
compromising viable myocardium outside the initial
infarct area.
2. Primary reperfusion in the early hours (=6 to 12
hours) of an evolving ST-segment elevation MI.

Class I11
Primary reperfusion late (=12 hours) in an evolving
ST-segment elevation MI without ongoing ischemia.

5. Poor LV Function. As discussed in Section V, I,
increasing evidence suggests that chronic LV dysfunction
due to viable but hibernating myocardium in patients with
severe multivessel disease is relatively common. Further-
more, observational studies now support the notion that
coronary bypass surgery can result in stabilization and often
improvement in LV function in selected patients. Operation
on a patient with poor LV function is particularly appro-
priate if the patient has signs or symptoms of intermittent
ischemia and minimal or no CHF. On the other hand, if the
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patient has prominent signs and symptoms of CHF with
minimal angina, the decision to operate should be based on
objective evidence of hibernating myocardium (735). There
should be demonstration of substantial regions of myocar-
dial viability that would benefit from revascularization
(736). Such areas must be perfused by coronary arteries of
sufficient size and location to be reasonable targets for
bypass surgery (737).

The concept of operating on patients with poor LV
function for survival advantage comes from the randomized
trials that suggested that patients with left main, 3-vessel,
and 2-vessel disease and vessel disease involving the proxi-
mal LAD with concomitant LV dysfunction on average had
a greater survival advantage compared with those on medical
therapy. Although the randomized studies did not include
large numbers of patients with EFs <0.30, subsequent
observational data suggest that these patients, although
having a higher immediate risk for bypass surgery, may achieve
a greater long-term gain in terms of survival advantage,
assuming that the concepts discussed above are applied (735—
737).

Indications for CABG in Patients With Poor LV
Function

Class 1

1. Significant left main coronary artery stenosis.

2. Left main equivalent: significant (=70%) stenosis
of the proximal LAD and proximal left circumflex
artery.

3. Proximal LAD stenosis with 2- or 3-vessel disease.

Class IIa
Poor LV function, with significant viable noncontract-
ing revascularizable myocardium and without any of
the above anatomic patterns.

Class I11
Poor LV function, without evidence of intermittent
ischemia and without evidence of significant revascu-
larizable viable myocardium.

6. Life-Threatening Ventricular Arrhythmias. The ben-
efits of CABG in patients with ventricular arrhythmias have
been studied in survivors of out-of-hospital cardiac arrest
and in patients with inducible ventricular tachycardia or
fibrillation under electrophysiological study. In general,
bypass surgery has been more effective in reducing episodes
of ventricular fibrillation than ventricular tachycardia, because
the mechanism of the latter arrhythmia usually involves reentry
with scarred endocardium rather than ischemia.

In survivors of cardiac arrest who have severe and oper-
able coronary disease, CABG surgery can suppress arrhyth-
mia induction, reduce subsequent cardiac arrest, and result
in a good long-term outcome (738-740). It is particularly
effective when an ischemic etiology for the arrhythmia can
be documented, for instance, with exercise (741). However,
because coronary revascularization may not alleviate all of
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the factors that predispose to ventricular arrhythmias,
concomitant insertion of an implantable cardioverter-
defibrillator may be necessary (742). Similarly, continued
inducibility or clinical recurrence of ventricular tachycardia
after CABG usually requires defibrillator implantation.

Indications for CABG in Life-Threatening Ventricular
Arrhythmias

Class 1
1. Left main coronary artery stenosis.
2. Three-vessel coronary disease.

Class Ila
1. Bypassable 1- or 2-vessel disease causing life-

threatening ventricular arrhythmias.}
2. Proximal LAD disease with 1- or 2-vessel disease.$

Class II1
Ventricular tachycardia with scar and no evidence of
ischemia.

7. CABG After Failed PTCA. The decision to proceed
with emergency bypass surgery after a failed PTCA proce-
dure is a complex one. The interventional cardiologist and
consulting cardiac surgeon must together decide when the
procedure cannot be salvaged by percutaneous techniques,
often in the acute setting of ischemia or infarction. Impor-
tant considerations include the mechanisms of the failed
procedure, the potential to correct this situation surgically,
the extent of myocardium that is jeopardized, and the
overall clinical status of the patient. Threatened compared
with acute vessel closure poses a particularly challenging
situation, since the physicians must balance further attempts
at percutaneous salvage versus moving forward with surgery.
Factors that influence the outcome of surgery include
patient characteristics such as LV dysfunction, older age,
and previous MI (743,744), as well as anatomic factors such
as complex lesion characteristics, extent of multivessel dis-
case, and the absence of collaterals (743-746). Finally,
outcome also depends on the total ischemic time and may be
adversely affected by a delay in transport to the operating
room (743,744,747,748). Bypass surgery is clearly the pro-
cedure of choice in the setting of hemodynamic compromise
or for retrieval of a foreign body, such as a fractured guide
wire or undeployed stent in a crucial anatomic position.
Emergency bypass for failed PTCA is understandably
associated with a higher rate of death and subsequent MI
compared with elective bypass surgery (743,749). It is
encouraging to observe the diminishing need for emergency
bypass surgery in this situation, owing in large measure to
the increasing use and availability of intracoronary stents
(659,750). Among patients who require emergency bypass
after a failed angioplasty in the current era, the rate of
complications remains substantial (751-753). This probably

$Becomes Class I if arrhythmia is resuscitated sudden cardiac death or sustained
ventricular tachycardia.
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reflects the increased severity of CAD and other comorbidi-
ties in patients currently treated with PTCA. Therefore, a
coordinated approach and cooperative interaction between
the cardiologist, cardiac surgeon, and anesthesia team are
necessary to expedite resuscitation, transfer, and revascular-
ization of patients with failed PTCA.

Indications for CABG After Failed PTCA
Class 1

1. Ongoing ischemia or threatened occlusion with
significant myocardium at risk.
2. Hemodynamic compromise.

Class Ila
1. Foreign body in crucial anatomic position.
2. Hemodynamic compromise in patients with im-
pairment of the coagulation system and without
previous sternotomy.

Class IIb
Hemodynamic compromise in patients with impair-
ment of the coagulation system and with previous
sternotomy.

Class I11
1. Absence of ischemia.
2. Inability to revascularize due to target anatomy or
no-reflow state.

8. Patients With Previous CABG. Reoperation after
previous CABG can be successfully performed, but the risk
of hospital mortality is increased ~3-fold compared with
the primary operation. Moreover, reoperation is associated
with a diminished expectation for relief of symptoms and a
diminished expectation for prolongation of life compared
with the primary operation (see Sections IV, A2 and V, G).
For this reason, reoperation is generally reserved for relief of
disabling symptoms or for compelling evidence of poten-
tially life-threatening areas of myocardium at risk objec-
tively quantified by noninvasive studies. Because many of
these patients have had previous myocardial damage, con-
sideration of the consequences of infarction of an area of
myocardium demonstrated to be at risk must be weighed
against the cumulative effect of the current threatening
situation combined with prior damage.

The relative utility of percutaneous techniques in this
situation is increased, particularly if these techniques can be
applied to the native vessels. The application of percutane-
ous techniques to vein-graft stenosis is markedly inferior to
the results obtainable in the native vessels.

An increasingly common situation is the presence of a
functioning IMA graft to the LAD artery, with recurrent
ischemia in other regions of the heart. The potential loss of
this conduit consequent to a reoperation represents a major
negative factor in the long-term therapy of that patient and
is cause for additional caution in recommendation of a
reoperation.
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Indications for CABG in Patients With Previous
CABG

Class 1
Disabling angina despite maximal noninvasive ther-
apy. (If angina is not typical, then objective evidence of

ischemia should be obtained.)

Class IIa
Bypassable distal vessel(s) with a large area of threat-
ened myocardium by noninvasive studies.

Class IIb
Ischemia in the non-LAD distribution with a patent
IMA graft to the LAD supplying functioning myocar-
dium, without an aggressive attempt at medical man-
agement and/or percutaneous revascularization.

Class 111
See text.

X. AREAS IN NEED OF FUTURE RESEARCH

The last 30 years of progress in CABG surgery have been
most impressive. Many challenges remain, however, as
analysis of current results reveals areas of patient selection
and perioperative management strategies that are poorly
defined by currently available data. Several patient subsets
particularly stand out as areas in need of further investiga-
tion. It appears that diabetic patients offer an unusual
challenge, since the results of coronary artery bypass in this
group of patients are distinctly inferior to the results in
nondiabetic patients. Perhaps more compulsive manage-
ment of perioperative and postoperative glucose levels will
improve this problem. There are current data suggesting
that coronary bypass may be superior to percutaneous
techniques in these patients, but stents were not used
extensively in the BARI trial. There is an absence of data on
minority patients with regard to CABG surgery, an impor-
tant area of future investigation. Appropriate management
of patients with acute coronary syndromes is an evolving
situation. Improvements in percutaneous techniques, in-
cluding the use of drugs that inhibit platelet function, has
dramatically altered management in this situation. At the
same time, CABG offers an opportunity for controlled
reperfusion and perhaps the best opportunity for resuscita-
tion of infarcting myocardium. The management of patients
with end-stage coronary disease, particularly patients who
have had multiple stenting procedures and/or multiple
coronary bypass procedures, is becoming an increasingly
difficult problem. The success of coronary bypass in younger
patients has led to the increasing consideration of CABG in
elderly and very elderly patients. These patients were sys-
tematically excluded from the randomized trials of coronary
bypass versus medical therapy and versus percutaneous
techniques. Data on optimal management of this increas-
ingly important and large patient subset are scarce.
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Many areas of perioperative management are also evolv-
ing and need refinement and evaluation. The use of multiple
arterial conduits appears to offer benefit, but the long-term
efficacy and benefit of radial artery grafts and second IMA
grafts are incompletely defined. Techniques for less-invasive
CABG are rapidly changing, and video-assisted technology
and robotic operative tools may lead to even more dramatic
changes in the near future. TMLR appears to offer clinical
benefit, but the mechanism of this benefit is very poorly
understood. This technique may be implementable via
percutaneous techniques. Gene therapy holds promise as a
technique for stimulation of the development of new vas-
culature in ischemic myocardium. Much of the morbidity
and mortality of coronary bypass is related to the use of
CPB. There are developing pharmacological and mechani-
cal methods for reducing the sequelac of CPB (drugs that
reduce coagulation and inflammatory complications, such as
aprotinin or aminocaproic acid, and leukocyte depletion to
diminish the early inflammatory response). The manage-
ment of patients with very poor LV function is also
evolving, as preoperative application of mechanical assis-
tance with an IABP appears to be useful. Operative tech-
niques such as ventricular remodeling (in the case of a
scarred myocardium or a grossly dilated LV) or mitral repair
in the case of chronic ischemic MR, are techniques that
warrant further study.

Modification of risk factors after CABG is perhaps the
most promising but also the most difficult area for future
improvement in long-term results. It remains discouraging
that attempts at smoking cessation have achieved only a
20% success rate. One would hope that the near certainty
of future problems with coronary disease would be a
strong motivational factor in this effort. Psychological
problems of anxiety and depression appear to be associ-
ated with, if not causally related to, CAD and its
progression. The pharmacological management of these
disorders is becoming increasingly effective. Progress in
the management of serum lipids, including reduction of
cholesterol and other lipid levels in patients with “aver-
age” levels, appears to offer promise in decreasing the
progression of coronary disease.

From the perspective of resource utilization by society,
cost analysis of medical therapy, percutaneous therapy, and
surgical therapy of coronary disease remains a current and
compellingly important area of research. Evolving tech-
niques will mean that these data and data analysis will need
to be repeatedly revisited in future years. As one attempts to
quantify the value of coronary bypass surgery, a recurrent
reevaluation of patient benefit is also obviously necessary.
Indeed, the future of coronary bypass depends on a quan-
titative demonstration of patient benefit and value to soci-
ety, as the various opportunities for delivery of sophisticated
medical care are increasingly competitive for the limited
resources available.
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American Heart Association. See ACC/AHA; AHA
Amiodarone, prevention of postoperative atrial
fibrillation with, 1293, 1294t
Anastomosis, IMA to LAD, 1311
Anesthetic techniques, 1266
Aneurysm, abdominal aortic, resection, 1308
Angina pectoris
in acute M1, 1309, 1310, 1310t
in allograft CAD, 1309
asymptomatic or mild, as indication for CABG,
1319
CABG for
versus medical therapies for, 1277
versus PTCA, 1279t, 1281, 1281f, 1282
incidence of, after CABG, 1272, 1273t
recurrent, 1313
from vein graft failure, 1313
severity of, benefits of CABG versus medical
therapies and, 1276t
stable, indications for CABG in, 1319-1320
surgery for, historical perspective, 1265
transmyocardial laser revascularization for, 1314~
1315
unstable
effectiveness of CABG in, 1309-1310
indications for CABG in, 1320

Angioplasty, percutaneous transluminal coronary
(PTCA), 1266, 1268, 1310, 1313
in acute coronary syndromes, 1309, 1310
compared with CABG, 1277-1278
cost comparison, 1318
in quality of life, 1318
disadvantages of, 1277
failed, CABG after, 1323
restenosis after, 1313
in SVGs, 1313
technological improvements in, 1313
in two-vessel disease, 1314
Angiotensin-converting enzyme inhibitors, 1282
Antiarrhythmics, 1298t
Antibiotics. See also specific agent
perioperative, postoperative mediastinitis and, 1271
preoperative administration, 1292, 1293t
Anticoagulation, for post CABG atrial fibrillation,
1286
Antifibrinolytics, 1298t
Anti-inflammatory strategies, 1298t
for CPB, 1289
Antimicrobials, 1298t
Antiplatelet agents, 1298t. See also specific agent
for SVG patency, 1297
Antiseptics, topical, 1291
Anxiety, 1325
postoperative, 1299-1300
Aorta, assessment of, 1268
Aortic valve
disease, coexistence with coronary artery disease,
CABG for, 1306
replacement, after prior CABG, 1306
Aortocoronary bypass grafting, 1313
vein graft failure in, 1313
Aprotinin
effects on postoperative blood transfusion
requirements, 1296
use with cardiopulmonary bypass, 1291
Arrhythmias, ventricular, life-threatening, indications
for CABG in, 1323
Arterial blood, intracavitary, in left ventricle, 1314
Arterial oxygen tension, 1304
Arteriography, historical perspective, 1265
Aspirin, 1308
preoperative, risks related to, 1296
for SVG patency, 1297, 1298t
Atelectasis, 1304
Atenolol, prevention of postoperative atrial fibrillation
with, 1294t
compared with propafenone, 1293
Atherectomy
directional coronary, 1313
rotational, 1313
Atheroembolism, perioperative, for aortic arch plaque,
1284
Atheroma, aortic, 1268, 1284, 1285
Atheromatous material, liberation of, after CABG,
1268
Atherosclerosis
aortic, 1268, 1270
detection of, 1288
macroembolic stroke and, 1284-1286
diffuse, 1268
medical management of, versus CABG, 1282
stroke and, 1284
vein graft, 1272

Atrial fibrillation, postoperative
in elderly, 1301
prevention of, 1292-1293, 1294t
stroke and, reduction of, 1286

B

BARI (Bypass Angioplasty Revascularization
Investigation), 1278, 1279t, 1280, 1281, 1303,
1310, 1324
Beating heart
anastomosis performed on, 1311
CABG on, 1311
Beta-adrenergic blocking agents (B-blockers), 1282,
1311. See also specific agent
compared with CABG, 1277
withdrawal of, 1286, 1292, 1293
Bleeding
perioperative, strategies to reduce, 1293, 1295
in transmyocardial revascularization, 1314-1315
Blood donation
autologous, prehospitalization, 1296
pre-CPB, 1296
Blood flow
cerebral, during CPB, 1289
renal, 1271
Blood transfusion
autotransfusion, 1296
homologous, after CABG, infection related to,
1292
perioperative, strategies to reduce, 1293, 1296
postoperative, predisposing risk factors for, 1296
Body size, mortality after CABG and, 1267
Bovine grafts, IMA, 1313
Brain dysfunction, risk of, after CABG, reducing of,
1284
Type 1 neurologic injury, 1284-1288
Type 2 neurologic injury, 1288-1289
Breathing, mechanics of, changes in, postoperative,
1303-1305
Bronchitis, chronic, 1297
Bupropion, 1299
Bypass Angioplasty Revascularization Investigation.
See BARI

C

CABRI (Coronary Angioplasty versus Bypass
Vascularization Investigation), 1278, 1279,
1281
Calcium channel blockers, 1311. See also specific agent
prevention of postoperative atrial fibrillation with,
1293
Canadian Cardiovascular Society, 1310
Capillary-arteriolar dilatations, 1288
Carbon dioxide, elimination, impairment of, 1304
Carbon dioxide lasers, 1314-1315
Carbon dioxide tension, 1304
Cardiac arrest, survivors of, CABG to suppress
arrhythmias in, 1323
Cardiac events, after CABG, 1272
Cardiac rehabilitation, postoperative, 1299
Cardiac transplantation. See Heart transplantation
Cardioplegia. See also Myocardial protection
blood, for chronically dysfunctional myocardium,
1290
cold crystalloid versus warm blood, 1289-1290
retrograde delivery of, in reoperative patients, 1290
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Cardiopulmonary bypass (CPB), 1266
avoidance of, 1311
blood donation before, 1296
microembolization related to, 12881289
sequelae of
reducing of, 1325
systemic, attenuation of, 1291
in valve disease patients, 1306
vascular access for, 1311-1312
vented, 1289
warming rate in, 1289
Cardiopulmonary bypass (CPB) time, neurologic risk
and, 1287
Cardioversion, 1286
Caregivers, communication between, 1300
Carotid disease
neurologic risk reduction and, 1287-1288
screening for, 1287
Carotid surgery, combined with coronary surgery,
1288
Carrel, Alexis, 1265
CASS (Coronary Artery Surgery Study), 1266, 1275,
1303
CASS registry, 1308, 1309
Catheters, 1266
Cefamandole, 1293t
Cefazolin, 1293t
Cefuroxime, 1293t
Cephalosporin, postoperative infection prophylaxis
with, 1292
Cerebral edema, after extracorporeal circulation, 1289
Cerebral hypoperfusion and neurologic outcome, 1289
Cerebral outcomes, adverse, after CABG, 1268-1270
Cerebrovascular accident (CVA). See stroke
Circulation, 1264
Class I conditions, indications for CABG in, 1264
failed PTCA, 1324
life-threatening ventricular arrhythmias, 1323
mild or asymptomatic angina, 1319
poor LV function, 1323
repeat CABG, 1324
stable angina, 1320
unstable angina/non-Q wave MI indications for
CABG in, 1320
Class II conditions, 1264
Class Ila conditions, indications for CABG in, 1264
failed PTCA, 1324
life-threatening ventricular arrhythmias, 1323
mild or asymptomatic angina, 1319
poor LV function, 1323
repeat CABG, 1324
ST-segment elevation (Q-wave) MI, 1322
stable angina, 1320
unstable angina/non-Q wave MI, 1320
Class IIb conditions, 1264
indications for CABG in
failed PTCA, 1324
mild or asymptomatic angina, 1319
repeat CABG, 1324
ST-segment elevation (Q-wave) MI, 1322
unstable angina/non-Q wave MI, 1320
Class III conditions, 1264
indications for CABG in
failed PTCA, 1324
life-threatening ventricular arrhythmias, 1323
poor LV function, 1323
ST-segment elevation (Q-wave) MI, 1322
stable angina, 1320
Clopidogrel
side effects, 1297
for SVG patency, 1297
Closed-chest CABG, 1311-1312
Collateral vessels, artificial, 1265
Coma, 1268

Communication, between caregivers, 1300
Comorbidities, 1266
survival after coronary artery bypass graft surgery,
1268
Comparative trial, features of, 1278
Competence, institutional and operator
report cards and quality improvement, 1316
volume considerations, 1315-1316
Computed tomography, 1284
of hemorrhagic component of cerebrovascular
accident, 1286
Conduits, arterial and alternate, 1312-1313
Conflicts of interest, 1264
Congestive heart failure. See Heart failure
COPD, CABG in patients with, 1303-1305
Coronary anatomy, variables describing, 1266
Coronary Angioplasty versus Bypass Vascularization
Investigation. See CABRI
Coronary arteries, size, in women, 1302
Coronary artery disease (CAD)
benefits of CABG compared with medical therapies
in, 1277
coexistence with valve disease, CABG in patients
with, 1306-1307
in diabetes patients, 1303
Coronary Artery Surgery Study. See CASS
Corticosteroids, use with cardiopulmonary bypass,
1291
Cost
hospital, in elderly, 1302
PTCA versus CABG, 1280
related to complications of coronary disease, 1282
stroke-related, 1284
Cost-effectiveness of CABG, 1316-1317
Cost reduction, in CABG, 1318
Coumadin, 1286
Counseling, 1270
CPB. See Cardiopulmonary bypass
Creatinine, serum levels, postoperative renal
dysfunction and, 1271, 1272t
Cross-over, PTCA versus CABG, 1278

D

Dacron grafts, 1313
Data analysis, 1324
Databases
cardiac surgical, risk stratification models from,
1266
Duke University Cardiovascular, 1309
STS, 1315
DeBakey, Michael, 1265
Decision making, 1264
Department of Veterans Affairs Medical Centers,
1271
Depression, 1325
postoperative, 1299-1300
in women, 1302-1303
Diabetes, 1268
CABG in patients with, 1303
CNS complications in, after CABG, 1268
effect on outcome, CABG versus PTCA, 1281,
1282, 1283f
mortality, cerebrovascular accident and,
mediastinitis after CABG and, 1269t
perioperative infection in, reducing of, 1291-1292
postoperative mediastinitis in, 1271
reoperation for CABG and, 1307-1308
risk for postoperative renal dysfunction and, 1272t
Dialysis, dialysis patients, 1271
cardiovascular disease among, 1305-1306
mortality rates, 1306
cerebrovascular accident and, mediastinitis after
CABG and, 1269t
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PTCA or CABG for, 1305
Diastolic function, left ventricular, 1291
Digoxin, prevention of postoperative atrial fibrillation
with, 1293
Dipyridamole, 1297
Discharge. See Hospital discharge
Dysrhythmias, 1268, 1270
postoperative, prevention of, 1292-1293, 1294t

E

EAST (Emory Angioplasty versus Surgery Trial),
1278, 1279t, 1281, 1310, 1318
Echocardiography
detection of aortic atherosclerosis, 1288
epivascular, of aortic atherosclerosis, 1285
transesophageal (TEE), 1266
of aortic atherosclerosis, 1284, 1285
Economic issues
cost comparison with angioplasty, 1318
cost-effectiveness of CABG, 1316-1317
cost reduction in coronary bypass, 1317-1318
Economics of scale, 1315-1316
Ejection fraction
benefits of CABG versus medical therapies and,
1276
in elderly, 1301-1302
mortality in CABG and, 1308, 1309
Elderly. See also Age factors
CABG in, 1300-1302
carotid disease in, stroke and, 1285f, 1287
diabetics, CABG surgery in, 1303
internal mammary artery graft in, 1290
morbidity after coronary artery bypass graft surgery
and, 1267
Electrocautery, 1271
Electroencephalography, intraoperative, 1289
Emboli, embolism. See also Microembolization
air, 1268
atrial fibrillation-associated, 1286
Emergency surgery
in elderly, 1301
mortality, cerebrovascular accident and,
mediastinitis after CABG and, 1269t
Emory Angioplasty versus Surgery Trial. See EAST
Emotional dysfunction, postoperative, 1299-1300
Emotional health, PTCA versus CABG, 1280
Employment, PTCA versus CABG, 1280
Encephalopathy, after CABG, 1268, 1270
End-stage coronary disease, management of patients
with, 1324
End-stage renal disease. See Renal disease
Endarterectomy
carotid, 1287
coronary, 1265
Endothelial integrity, capillary, 1304
Epigastric artery, inferior, conduit, 1312
e-aminocaproic acid, effects on postoperative blood
transfusion requirements, 1296
ERACI (Estudio Randomizado Argentino de
Cirugia), 1279t, 1280, 1310
Erythropoietin, effect on postoperative blood
transfusion requirements, 1296
Estudio Randomizado Argentino de Cirugia. See
ERACI
European Coronary Artery Bypass Trial, 1266
Evolving technologies, impact of
arterial and alternate conduits, 1312-1313
less invasive CABG, 1310-1312
percutaneous technology, 1313-1314
transmyocardial revascularization, 1314-1315
Exercise time, PTCA versus CABG, 1280
Exercise training, 1299
Expert opinion, 1264
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Extracorporeal circulation, heparin-bonded circuitry
for, 1291

F

“Fast-track” approach, 1300

Favaloro, Rene, 1265

FEV,. See Forced expiratory volume per second

Fibrillatory arrest, no-clamp, 1285

Fibrinolytic therapy. See Thrombolytic therapy

Follow-up, in randomized trials, 1278

Forced expiratory volume per second (FEV,), 1304
in COPD, 1304

G

GABI (German Angioplasty Bypass-Surgery
Investigation), 1278, 1279t, 1280
Garrett, Edward, 1265
Gas exchange, abnormalities, postoperative, 1304
Gastric artery, left, conduit, 1312
Gastroepiploic arteries conduits, 1312
Gender issues. See also Women
mortality after coronary artery bypass graft surgery
and, 1267
PTCA versus CABG and, 1278
Gene therapy, 1325
German Angioplasty Bypass-Surgery Investigation. See
GABI
Gibbon, John, 1265
Glomerular filtration rate, during CABG, 1271
Glucocorticoids. See Corticosteroids
Glucose
blood levels, postoperative mediastinitis in, 1271
control of, 1282
Glutaraldehyde, 1313
Graft. See also Allograft; Internal mammary artery
graft; Saphenous vein graft
arterial, reoperation related to, 1307
autologous venous and arterial, 1312
nonautologous venous and arterial, 1312
synthetic, 1312, 1313
Graft conduits, arterial and alternate, 1312-1314
Green, George, 1266

H

Heart, elevation of, 1311
Heart and Estrogen/progestin Replacement Study
trial, 1298
Heart failure, risk for postoperative renal dysfunction
and, 1272t
Heart-lung machines, primitive, 1265
Heart transplantation patients, CABG in, 1309
Hemodynamic instability, in elderly, 1301
Hemorrhagic component of cerebrovascular accident,
1286-1287
Heparin, 1286
-bonded circuitry, for extracorporeal circulation,
1291
Hepatitis B virus, 1293
Hepatitis C virus, 1293
Hibernation, myocardial protection in, 1290
Hormone replacement therapy, postoperative benefits,
1298
Hospital discharge, early, 1300
Hospital length of stay, effects of percutaneous
techniques compared with CABG, 1277,
1278, 1280
Hospital outcomes of CABG, 1266
morbidity associated with CABG
adverse cerebral outcomes, 1268-1270
mediastinitis, 1270-1271
renal dysfunction, 1271-1272
predicting hospital mortality, 1266-1268
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Hospitalization, PTCA versus CABG, 1278

Human immunodeficiency virus, 1293

Human T-cell lymphotropic virus, 1293

3-Hydroxy-3-methylglutaryl coenzyme A, 1297

Hypercapnia, 1304

Hyperglycemia, 1289

Hyperhomocystinemia, 1297, 1298

Hyperlipidemia, pharmacologic management of, 1297,
1298

Hyperthermia, cerebral, 1289
Hypoperfusion, cerebral, 1289
Hypotension, perioperative, 1268

I

IABP. See Intraaortic balloon pump
IMA. See Internal mammary artery graft
Indications for CABG
clinical subsets
asymptomatic or mild angina, 1319
CABG after failed PTCA, 1323, 1324
indications for CABG in patients with previous
CABG, 1324
life-threatening ventricular arrhythmias, 1323
poor LV function, 1322-1323
ST-segment elevation (Q-wave) MI, 1320-1322
stable angina, 1319-1320
unstable angina/non-Q wave myocardial infarc-
tion, 1320
quality of life, 1318, 1319
survival, 1319
Indobufen, for SVG patency, 1297
Infection
perioperative, reducing risk for, 1291-1292
sternal wound, 1270
Insulin infusion, reducing perioperative infection in
diabetics by, 1291-1292
Intercostal artery conduit, 1311
Internal mammary artery (IMA) graft, 1265, 1266,
1286
bilateral, 1312
benefits, 1312
complications, 1312
bovine, 1313
clinical use of, historical perspective, 1265
compared with saphenous vein graft, 1312
in diabetes, 1281
effect on survival, 1268
late patency with, 1272
left
for transmyocardial revascularization, 1314
use in elderly, 1301
mortality rates associated with, 1290
postoperative mediastinitis and, 1271
reoperation related to, 1307-1308
use in women, 1302
Internal thoracic artery. See Internal mammary artery
Interstitial lung disease, 1304
Intraaortic balloon pump (IABP), 1268
as adjunct to myocardial protection, 1290
Ischemia, 1266, 1268. See also Myocardial ischemia
recurrent, 1312
Isolation, social, postoperative, 1299-1300
Israeli women, hospital mortality in, compared with
men, 1302

J
Journal of the American College of Cardiology, 1264

L

Lasers, for transmyocardial revascularization (TMLR)
carbon dioxide, 1314-1315
use of, 1315, 1325

Lausanne trial, 1278, 1279t
Left main disease, benefit of CABG in, compared
with medical therapies, 1275
Leukocytes
activated, in myocardial reperfusion injury, 1290
depletion, 1292
during cardiopulmonary bypass, 1291
clopidogrel-related, 1296
Life, prolongation of, 1318, 1319
Lindbergh, Charles, 1265
Lipid, serum, management of, 1325
Lipid lowering therapy, 1282, 1298t
Liver transplantation patients, CABG in, 1309
Longmire. William, 1265
Loop, Floyd, 1266
Low cardiac output syndrome, in elderly, 1301
Lower extremity, revascularization, 1308
Lumen diameter, reduction of. See Stenosis
Lung function. See Pulmonary function

M

Magnesium sulfate, prevention of postoperative atrial
fibrillation with, 1294t
Management strategies
maximizing postoperative benefit, 1297-1300. See
also Postoperative benefit
reduction of perioperative mortality and morbidity,
1282-1297. See also Mortality and morbidity
MASS (Medicine, Angioplasty, or Surgery Study)
trial, 1278
Mediastinal drainage, 1295
Mediastinitis
associated with CABG, 1270-1271
risk for, preoperative estimation of, 1269t
Medical therapies, 1266
versus CABG, 1273, 1277
benefits of surgery, 1277
cost per quality-adjusted life year, 1317t
location and severity of stenosis, 1275-1277
overview, 1273-1275
symptoms. quality of life, 1277
Medical therapies, versus CABG, 1272
Medicine, Angioplasty, or Surgery Study trial. See
MASS
Men. See Gender issues
Microembolization, reducing risk of, 1288-1289
MID-CABG. See Minimally-invasive direct coronary
artery bypass
Minimally invasive direct coronary artery bypass
(MID-CABG), 1311, 1314
Minimally-invasive direct coronary artery bypass
(MID-CABG)
benefits of, 1311
Mitral valve
disease, coexistence with coronary artery disease,
CABG for, 1306, 1307
repair, 1325
Mortality and morbidity associated with CABG
adverse cerebral outcomes, 1268-1270
hospital, predicting of, 1266-1268
mediastinitis, 1270-1271
perioperative, reduction of, 1282, 1284, 1298t
general management considerations, 1297
prevention of postoperative dysrhythmias, 1292~
1293, 1294t
reducing risk of brain dysfunction, 1284-1289.
See also Brain dysfunction
reducing risk of perioperative infection, 1291~
1292
reducing risk of perioperative myocardial
dysfunction, 1289-1291. See also Myocardial

protection
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strategies to reduce postoperative bleeding and
transfusion, 1293-1297
psychosocial predictors of, 1299
renal dysfunction, 1271-1272
risk for, preoperative estimation of, 1269t
volume of procedures and, 1315, 1316
Mortality rates
after CABG, 1266
associated with mammary artery as opposed to
saphenous vein revascularization, 1290
in elderly, 1300, 1301, 1301f
in patients with MI, 1321, 1321t, 1322, 1322t
in patients with poor left ventricular function,
1308, 1309
PTCA versus CABG, 1279t, 1280, 1281, 1282
reduction of, 1316
for reoperation for CABG, 1307, 1308
after repeat CABG, 1324
in unstable angina, 1310
warm versus cold cardioplegia and, 1289
in women, 1302, 1303
CABG versus medical therapies and, 1276t
in diabetes patients, 1303
in end-stage renal disease patients, coronary disease
and, 1305, 1306
Multivessel CAD, 1310
Myocardial dysfunction, perioperative, reducing risk
for, 1289-1291. See also Myocardial
protection
Myocardial hibernation. See Hibernation
Myocardial infarction (MI). See also Acute coronary
syndromes
anterior, recent, stroke risk and, 1286
benefits of CABG versus medical therapies for,
1277
after CABG, 1272, 1273t
CABG in, 1268
mortality rates in, 1321, 1321t, 1322, 1322t
outcomes for, 1310
definition of, 1321
mechanical complications of, 1322
non-Q_wave, 1321
indications for CABG in, 1320
after percutaneous techniques, 1313
perioperative, 1289
Q-wave, 1320-1323
indications for CABG in, 1321-1323
PTCA versus CABG, 1278, 1279t, 1280, 1281
rate of, PTCA versus CABG and, 1282
subsequent, risk for, PTCA vs. CABG and, 1280
Myocardial ischemia, benefits of CABG compared
with medical therapies in, 1277
Myocardial protection
for acutely depressed cardiac function, 1289-1290
adjuncts to, 1290
for chronically dysfunctional myocardium, 1290
in inferior infarct with right ventricular
involvement, 1289-1290
for patients with satisfactory preoperative cardiac
function, 1289
in reoperative patients, 1290
Myocardial reperfusion injury, 1290
Myocardial viability, 1277

N

Neurologic deficits, after CABG, 1268-1270
Neurologic injury
Type 1, 1284, 1285f
aortic atherosclerosis and macroembolic stroke,
1284-1286
atrial fibrillation and postoperative stroke, 1286
carotid disease and neurologic risk reduction,
1287-1288

CBP time and neurologic risk, 1287
recent antecedent cerebrovascular accident,
1286-1287
recent anterior MI, LV mural thrombus and
stroke risk, 1286
Type 2, 1288
cerebral hypoperfusion and neurologic outcome,
1289
potentiators of adverse neurological outcome,
1289
reducing risk of microembolization, 1288-1289
Neutropenia, ticlopidine-related, 1297
New York Heart Association. See NYHA
New York State, mortality rates after CABG in, 1316
Nicotine
gum, 1299
transdermal patch, 1299
Nitrates, compared with CABG, 1277
No-clamp technique, 1285-1286
Northern New England Cardiovascular Disease Study
Group, 1269t, 1308, 1316
NYHA (New York Heart Association), 1301

(0)

Obesity, 1297
mediastinitis after CABG and, 1270-1271
mortality, cerebrovascular accident and,
mediastinitis after CABG and, 1269t
as risk factor in elderly, 1301
Observational trials, 1264
Off-bypass CABG, 1311
cost reduction by, 13161317
Ontario, Adult Cardiac Network of, 1315
Operative techniques
improvement in, 1266
research techniques, 1325
Operator-related factors, postoperative mediastinitis
and, 1271
Outcomes of CABG
comparison of medical therapies versus surgical
revascularization. See also Medical therapy,
1273-1277
comparison with percutaneous techniques, 1277-
1282. See also Angioplasty, percutancous
transluminal coronary; Percutaneous
techniques
hospital, 1266-1272. See also Hospital outcomes
posthospital, 1272-1273
Oxygen
at home, 1303
requirements, in respiratory insufficiency, 1303-1304

P

Palpation, 1285
Parisian Mediastinitis Study Group, 1271
Patency rates, IMA graft compared with SVG, 1312
Patient subsets. See Special patient subsets
Percutaneous techniques, 1313-1314. See also
Angioplasty, percutaneous transluminal
coronary
comparison with CABG, 1277-1278
improvements in, 1324
Perfusion defects, after transmyocardial laser
revascularization, 1314
Perioperative management, research needs in, 1324
Peripheral vascular disease (PVD), 1268
concomitant with coronary artery disease, 1308
Physician judgment, determination of outcome and,
1278
Plaque, aortic arch, 1284
Platelet inhibitors, 1313
Polytetrafluoroethylene grafts, 1313
Port-access CABG, 1311-1312
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Posthospital outcomes, 1272-1273
Postoperative benefit, maximizing of, 1297t
antiplatelet therapy for SVG patency, 1297t
cardiac rehabilitation, 1299
emotional dysfunction and psychosocial
considerations, 1299-1300
hormonal manipulation, 1298
pharmacologic management of hyperlipidemia,
1297-1298
rapid sustained recovery after operation, 1300
smoking cessation, 1297t, 1298-1299
Postoperative complications, in women, 1302
PRD. See Renal dysfunction, postoperative
Preoperative evaluation, cardiac, in patients with
peripheral vascular disease, 1308
Prior surgery, 1266
Propafenone, prevention of postoperative atrial
fibrillation, compared with atenolol, 1293
Propranolol, prevention of postoperative atrial
fibrillation with, 1294t
Proximal LAD disease, 1275
CABG for
versus medical therapies, 1275, 1276t
versus PTCA, 1284t
Proximal left circumflex artery disease, 1275
Psychosocial considerations, postoperative, 1299-1300
PTCA. See Angioplasty, percutaneous transluminal
coronary
Pulmonary disease
CABG in patients with, 1303-1305
estimating degree of, 1304
Pulmonary edema, preoperative, 1297
Pulmonary function
abnormalities, after CABG, 1304-1035
clinical evaluation of, 1304
PVD. See Peripheral vascular disease

Q
Quality-adjusted life year (QALY), for cABG, cost-
effectiveness, 1317
compared with angioplasty, 1318
compared with medical therapy, 1317t
Quality improvement, 1316
Quality of life
benefits of CABG versus medical therapies and,
1277
indications for CABG, 1318t
PTCA versus CABG, 1280

R

Radial artery conduit, 1312
Randomized Intervention Treatment of Angina trial.
See RITA trial
Randomized trials. See also specific trial
on PTCA compared with CABG, 1278-1280
recent, limitations of, 1264
Recovery, rapid sustained, 1300
Recovery time, effects of percutaneous techniques
compared with CABG, 1277
Renal disease, end-stage, CABG in patients with,
1305-1306
Renal dysfunction, 1268
postoperative (PRD), 1271-1272
Renal function, perioperative, postoperative renal
dysfunction and, 1271
Renal transplantation, in diabetic patients, CABG
and, 1303
Renal transplantation patients, CABG in, 1309
Reoperation
mortality related to, 1267-1268
after previous CABG, indications for, 1324
PTCA versus CABG, 1278, 1280

quantity of, postoperative mediastinitis in, 1271
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risk for, 1307t, 1307-1308
postoperative renal dysfunction and, 1272t
for vein graft failure, 1313
Reoperative patients, myocardial protection in, 1290
Reperfusion injury. See Myocardial reperfusion injury
Report cards, 1316
Research, future, need for, 1324-1325
Resource utilization, 1325
Respiratory insufficiency, CABG in patients with,
1303-1304
Restenosis, after CABG, 1277-1278
compared with PTCA, 1313
Restrictive lung disease, 1304
Reverse-staged procedure, stroke risk and, 1288
Right ventricular dilatation and dysfunction, effect on
LV function, 1291
Right ventricular failure, interior infarct with,
myocardial protection in, 1290-1291
Risk factors for CABG, 1266
modification of, 1325
Risk stratification models, 1266
application of, 1267
RITA (Randomized Intervention Treatment of
Angina) trial, 1278, 1279¢, 1280, 1281f, 1310,
1318
Rotablation, 1313

S

Saphenous vein graft (SVG), 1286
aortocoronary, historical perspective, 1265
compared with internal mammary artery graft, 1312
cryopreserved homologous, 1313
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