
Revascularization for heart failure
Harry R. Phillips, MD, Christopher M. O’Connor, MD, and Joseph Rogers, MD Durham, NC
Coronary artery disease is the most common underlying cause of heart failure, yet there is little consensus on the role of
revascularization in the management of patients with ischemic cardiomyopathy. The concept of recovery of dysfunctional but
viable myocardium forms the pathophysiologic basis for the benefit of revascularization. Data from observational studies
suggest that patients with coronary disease and left ventricular dysfunction may have improved outcomes after surgical
revascularization or percutaneous coronary intervention (PCI) compared to medical treatment. Viability testing may be useful
in selecting a population of patients who will receive differential benefit. In the clinical management of patients with
heart failure, clinicians face challenging decisions about whether to recommend revascularization especially in patients who
do not have angina. As data from randomized trials are awaited, PCI and coronary artery bypass grafting may be con-
sidered as complimentary revascularization approaches. Registry data suggest a benefit of coronary artery bypass grafting
over PCI in patients with reduced ejection fraction; however, in patients with focal disease and comorbidities including
previous surgery, PCI is reasonable, especially if complete revascularization is possible. (Am Heart J 2007;153:S652S73.)
Background
Heart failure (HF) is a worldwide public health

problem of major and ever-expanding proportions. In

the United States, 5 million patients have HF,1 and

annually, more than 1 million are hospitalized with HF,2

making it the most common diagnosis related group.3

Moreover, more than 50000 patients in the United States

die each year with HF as a primary diagnosis1 and,

despite many therapeutic advances in treatment, clini-

cians are frustrated by the overall poor prognosis of

these patients.4

Coronary artery disease (CAD) is the most common

cause of HF in the United States. Almost 60% of patients

in the ADHERE Registry had a history of coronary artery

disease.5 Similarly, of patients enrolled in chronic HF

clinical trials, most patients (68%) had ischemic heart

disease recorded as their HF etiology.6

In the presence of CAD, without valvular disease, HF is

most commonly caused by left ventricular (LV) systolic

dysfunction. Coronary revascularization in the form of

coronary artery bypass grafting (CABG) and percutane-

ous coronary intervention (PCI) has been exhaustively

studied and analyzed over the years as a treatment of

acute and chronic CAD, yet definitive studies that

address the role of revascularization in patients with

CAD and LV dysfunction are not available. The man-

agement of patients with ischemic cardiomyopathy, but
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without angina, is particularly challenging, yet no

randomized trials have been completed in this group.

This article will review the existing data concerning

revascularization as a treatment of HF in patients with

CAD. An attempt will be made to refine the clinical

approach especially in regard to the role of PCI in this

patient population. Viability testing for identifying

patients most likely to benefit from revascularization

therapy will be discussed.
Pathophysiology of functional recovery
after coronary revascularization in
patients with ischemic dysfunction

Revascularization may potentially improve the out-

come of patients with ischemic LV dysfunction by

several mechanisms. Viable but dysfunctional myocar-

dial cells can be explained by the concepts of hibernat-

ing7 or stunned myocardium.8 Hibernating myocardium

is chronically dysfunctional tissue related to inadequate

coronary blood flow and may demonstrate better

function after improvement in perfusion. Recovery

occurs over a prolonged course with only about one

third of hibernating segments showing early improve-

ment, but nearly two thirds demonstrating late recovery

after 14 months on serial evaluation after revasculariza-

tion.9 Apoptosis appears to play a role in hibernation

and suggests that early revascularization may be essential

to avoid irreversible dysfunction.10 Stunned myocardium

refers to dysfunction in viable myocardium related to

transient ischemia. After ischemia is relieved, serial

noninvasive imaging suggests that recovery may occur

early with nearly two thirds of stunned segments,

demonstrating early functional recovery at 3 months



Figure 1

Diagrammatic representation of postulated progressive changes in a patient with hibernating myocardium and (A) no remodeling (B), mild to
moderate remodeling (C and D), and end stage (E) of the disorder. WMA, Wall-motion abnormality. Reprinted with permission from J Am Coll
Cardiol 2006;47:978-80. Copyright 2006, The American College of Cardiology Foundation.
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after revascularization, and only one tenth showing late

improvement at 14 months.9

In practice, the distinction between hibernating and

stunned myocardium blurs, and the 2 processes proba-

bly often coexist. Both contribute to progressive systolic

dysfunction, remodeling, and the development of HF.

Up to 60% of ischemic LV dysfunction has been

attributed to dysfunctional but viable myocardium,11

and thus, there is a potential opportunity to improve

outcome in many patients. Rahimtoola et al12 have

recently suggested a unifying concept of hibernation and

remodeling with emphasis on the importance of early

revascularization (Figure 1). Other potential benefits of

revascularization, independent of functional improve-

ment, may include prevention in further deterioration in

LV function and reduction in the risk of sudden death.13

Another consideration is that of postinfarction

remodeling, which involves the replacement of nonvia-

ble myocardium with scar tissue and is accompanied by

secondary pathologic changes in shape and size of the

LV. This process contributes to the progression of

systolic dysfunction, and may also be reversed by

revascularization.14 Remodeling appears to progress

over time and the ability to reverse the process may also

be time-sensitive.12
Surgical coronary revascularization in
patients with LV dysfunction:
observational data

The evidence supporting the clinical benefit of

surgical coronary revascularization is based on obser-

vational data. The Duke Cardiovascular Disease Data-

bank is a unique database for the evaluation of surgical

revascularization in patients with ischemic cardiomy-

opathy. O’Connor et al15 reported the 25-year experi-

ence of 1391 patients with systolic dysfunction and

ischemic heart disease. Of these, 1052 patients were

treated medically and 339 underwent CABG. After

adjusting for disease severity and other prognostic

factors, the CABG-treated patients had a significantly

lower mortality beyond 30 days as compared with the

medically treated patients. Survival after CABG

exceeded medical therapy at 1 year (83% vs 74%,

P b .0001) 5 years (61% vs 37%, P b .0001) and

10 years (42% vs 13%, P b .0001). The survival

advantage was present regardless of ejection fraction

(EF), age, New York Heart Association functional class,

or the presence of angina. Recently, an update of

more than 18000 patients entered into the Duke

Databank from 1986 to 2000 confirmed the survival



Figure 2

Relative risk of mortality for CABG compared to medical therapy in
moderate-to-severe LV systolic dysfunction, ranked in order of study
quality. Studies were observational, most patients had limiting
angina, and preoperative viability testing was not routinely
performed. Reprinted with permission from J Am Coll Cardiol
2005;46:567-74. Copyright 2005, The American College of
Cardiology Foundation.
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benefit of revascularization in patients with CAD and

reduced EF.16

The potential improvement in mortality from revas-

cularization in patients with ischemic LV dysfunction

was seen in other studies, but the apparent benefit in

patients without angina is at odds with other data

sets.17,18 The surgical operative mortality in these early

series ranged from 5% to 30% depending on LV function

and comorbidities. The most recent series suggest that

most patients demonstrate improvement in functional

status, but given the risk of the surgical procedure, it is

unfortunate these late outcomes of the procedures are

not better defined.18 Similarly, these observational series

suggest an improvement in LV function after revascu-

larization, but the numbers of patients with severe

dysfunction is small.18 The mortality data from non-

randomized studies comparing CABG with medical

therapy are summarized in Figure 2.

A more recent observational series confirmed the

mortality benefit of revascularization seen in earlier

series and emphasized the benefit of early treatment.

Tarakji et al19 analyzed the outcomes of 765 patients

with a LVEF b35% who underwent positron emission

tomography (PET)/fluorodeoxyglucose (FDG) study

at the Cleveland Clinic between 1997 and 2002. Of

the 765 patients, 230 (30%) underwent early inter-

vention (mostly CABG within the first 6 months of

the viability study). Of the 230 patients, using 39

demographic, clinical, and PET/FDG variables, 153

were propensity matched with 153 patients who did

not undergo early intervention. Early intervention was

associated with a 3-year mortality rate of 15% versus
35% for the medically treated group ( P b .0004).

There was benefit seen irrespective of the amount of

viability seen on the PET/FDG study.
Role of PCI in patients with HF
Recently, observational data supporting the benefit of

PCI to treat acute HF, presumably related to myocardial

stunning, has been reported. The GRACE Registry

provided an opportunity to evaluate the characteristics

and outcomes of patients who developed HF in the

setting of an acute coronary syndrome from a contem-

porary data set (1999-2001).20 The registry enrolled

16166 patients, of which 1788 had HF at the time of

hospital admission. Patients with HF were significantly

less likely to undergo cardiac catheterization (46.5% vs

54.2%, P = .0001) and PCI (26% vs 31.8%, P = .0001)

compared with patients who have acute coronary

syndrome without HF. The rate of CABG was similar

between groups. The combined risk of inhospital and

postdischarge 6-month mortality was significantly higher

in patients with HF on admission (20.7% vs 5.9%, hazard

ratio 3.8, 95% CI 3.33-4.36, P b .001). Patients with HF

who underwent inhospital revascularization (predomi-

nantly PCI) had a significantly lower rate of postdi-

scharge 6-month mortality (14% vs 23.7%, P b .0001).

This finding persisted after adjusting for baseline differ-

ences and other prognostic factors (hazard ratio 0.5, 95%

CI 0.37-0.68, P b 0.0001). Low utilization of cardiac

catheterization in patients with acute HF was also

confirmed in the ADHERE Registry.5

The data on PCI in chronic ischemic LV dysfunction is

even more meager than that for surgical revasculariza-

tion. Revascularization of chronic total occlusions has

been shown to have beneficial effects on LV function

and volumes.21 Percutaneous revascularization with

stenting can be safely performed in patients with low

EF with acceptable late major adverse cardiac event

rates.22 A single small, randomized trial comparing PCI

with CABG in a low EF population concluded that

outcomes were similar with the 2 revascularization

approaches.23 In contrast, a large registry report from

the State University of New York suggested better

outcomes for patients with impaired LV function who

underwent CABG compared with those who underwent

stenting. They compared 37212 patients with multi-

vessel disease who underwent CABG (26% with EF

b40%) and 22102 patients with multivessel disease who

underwent PCI (18.5% with EF b40%) from January 1,

1997, to December 31, 2000.24 For the patients with

an EF b40% and with 2- or 3-vessel disease with

involvement of the proximal left anterior descending

coronary artery, the hazard ratios strongly favored

CABG over stenting. The hazard ratios were not

significantly different for other patients with 2-vessel

disease. Concerns about the validity of comparisons



Figure 3

Death rates for patients with and without myocardial viability treated
by revascularization or medical therapy. There is 79.6% reduction in
mortality for patients with viability treated by revascularization ( P b

.0001). In patients without myocardial viability, there was no
significant difference in mortality with revascularization versus
medical therapy. Reprinted with permission from J Am Coll Cardiol
2002;39:1151-58. Copyright 2002, The American College of
Cardiology Foundation.
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of PCI and CABG outcomes in registries have been

recently emphasized.25
The role of viability testing
Observational series suggest that viability testing may

be useful to identify a subset of patients with ischemic

LV dysfunction who are likely to benefit from cardiac

revascularization procedures. Viability may be evaluated

by an assortment of techniques including single-photon

emission computed tomography, PET, dobutamine

echocardiography, and most recently, magnetic reso-

nance imaging (MRI).

Recently, several meta-analyses have been consistent

in predicting improved survival in patients who dem-

onstrated viability in the setting of ischemic dysfunction

and who subsequently underwent revascularization.26-30

Allman et al conducted a meta-analysis of 24 studies of

viability testing in 3088 patients with CAD and systolic

dysfunction. Among patients with demonstrated viabil-

ity, 1-year mortality was 16% in the medically treated

patient and 3.2% in patients who underwent revascu-

larization ( P b .0001). There was no difference in

mortality among the patients who did not demonstrate

viability (Figure 3). In contrast to these studies, the

report of Tarakji et al19 from the Cleveland Clinic

discussed previously showed no relationship between

the degree of viability on PET/FDG and outcome. Early

intervention was associated with better survival regard-
less of the amount of myocardium thought to be

nonfunctional but viable. The numerous limitations of

these observational studies of viability testing in patients

with ischemic LV dysfunction have been well summa-

rized by the Mayo Clinic Group.11,31

Contrast-enhanced magnetic resonance imaging (CMR)

may also be a useful strategy to determine response to

revascularization in patients with HF. Capitalizing on the

outstanding spatial resolution of this technique and the

increased uptake of gadolinium in areas of infarction

(bhyperenhancementQ) allows accurate delineation of

viable versus nonviable myocardium and makes CMR a

practical tool to quantify the transmural extent of

irreversible myocardial damage. Kim et al32 studied

50 patients who underwent MRI before revasculariza-

tion. Magnetic resonance imaging was repeated after

revascularization to determine improvements in regions

of myocardial dysfunction. Of the original study cohort,

41 patients had repeat MRI an average of 79 days after

revascularization. After revascularization, 53% of the

segments with abnormal contractility improved. The

likelihood of improvement in contractility was related to

the extent of hyperenhancement. As hyperenhancement

increased, the proportion of segments with improved

contractility significantly decreased. This relationship

was observed after adjustment for repeated measures and

other prognostic factors (Figure 4). Clinicians are

beginning to consider CMR as the gold standard for

viability testing, but more data are needed linking CMR

viability with clinical outcomes before its true role in

clinical decision making can be defined.33

Randomized trials in progress
There are many limitations of the observational studies

evaluating the effect of revascularization and the

predictive value of viability testing in patients with

ischemic LV dysfunction. The possibility of a selection

bias cannot be ruled out in any of these studies. Imaging

and revascularization techniques have improved over

time, and earlier series may not accurately predict

current outcomes. Medical therapy was not optimal in

the early series and was not standardized in any of the

studies. In addition, the impact of limited use of

defibrillators is unknown. Fortunately, at least 3 ran-

domized trials are underway to evaluate the effect of

revascularization in patients with ischemic dysfunction:

the STICH trial,34 the HEART,35 and the PARR-2 study.36

In addition, these trials are designed to determine the

role of viability testing in patient selection.

Guideline-based clinical practice
Decisions about the uncertain benefits of revasculari-

zation in high-risk patients with ischemic LV dysfunction

have challenged clinicians since the early days of

coronary revascularization. The benefits of pharmaco-



Figure 4

Relation between the transmural extent of hyperenhancement before revascularization and the likelihood of increased contractility after
revascularization. Data are shown for all 804 dysfunctional segments and separately for the 462 segments with at least severe hypokinesia and
the 160 segments with akinesia or dyskinesia before revascularization. For all 3 analyses, there was an inverse relation between the
transmural extent of hyper enhancement and the likelihood of improvement in contractility. Reprinted with permission from N Engl J Med 2000;
343;1445-53. Copyright 2000, Massachusetts Medical Society.
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logic management are strongly evidence-based, and all

patients should be placed on medical management with

recommended agents according to the 2005 American

College of Cardiology/American Heart Association

(ACC/AHA) Guidelines Update for the Diagnosis and

Management Chronic Heart Failure.37 In addition, device

therapy with defibrillators and possibly cardiac resynch-

ronization therapy should be considered in many of

these patients.

The ACC/AHA guidelines provide several recommen-

dations on the role of coronary angiography. A class I

recommendation is given to patients presenting with HF

and angina or significant ischemia, unless the patient is

not a candidate for any type of revascularization.37

Coronary angiography is a class IIa recommendation in

patients with HF who have chest pain that may or may not

be of cardiac origin, whose coronary anatomy is
unknown. It is also a class IIa recommendation in patients

with HF and known or suspected CAD but who do not

have angina, despite the concerns in the guidelines about

the effectiveness of revascularization in these patients.

In practice, if not previously performed, many

clinicians believe it is reasonable to consider cardiac

catheterization in all patients who present with HF who

are candidates for revascularization. Coronary angiogra-

phy is usually necessary to reliably demonstrate or rule

out the presence of CAD because perfusion deficits and

segmental wall-motion abnormalities identified on non-

invasive testing cannot reliably distinguish those with

ischemic LV dysfunction from those with nonischemic

cardiomyopathy. Accordingly, noninvasive testing to

define the likelihood of CAD in patients with HF and

LV dysfunction has a class IIb recommendation in

the guidelines.38



Figure 5

Management algorithm for patients with LV dysfunction and suspected coronary disease. SPECT, Single-photon emission computed tomography;
Echo, echocardiography; CABG, coronary artery bypass surgery; ICD, implantable cardioverter/defibrillator; CRT, cardiac resynchronization
therapy.
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Coronary angiography is important not only in

determining candidacy for revascularization but also

because decisions regarding medical therapy for patients

with HF depend on the presence or absence of CAD. It is

not recommended to use aspirin in patients without

obstructive coronary disease and HF unless there are

other indications. In contrast, patients with CAD should

be treated with vasculoprotective medications including

aggressive therapy with statins. Finally, the choice of

angiotensin-converting enzyme inhibitor may be affect-

ed by the type of HF based on the presence or absence

of significant CAD.

The guidelines state that noninvasive imaging to detect

myocardial ischemia and viability is reasonable in

patients with HF and known CAD without angina (class

IIa recommendation).37 Despite observational data sug-

gesting the value of revascularization for patients with

viability, the studies are not yet considered pivotal in

clinical decision making. Thus, viability testing may be

used to refine revascularization decisions but viability is

not required as a prerequisite to revascularization in

patients who are otherwise good candidates.

The 2005 ACC/AHA guidelines also provide recom-

mendations for revascularization.37 Revascularization in
patients who have HF symptoms and angina pectoris is a

class I recommendation. The management of patients

with HF but no angina is not straightforward, and the

guidelines state that, despite theoretical arguments in

favor of revascularization, the benefit is unproven. The

2004 ACC/AHA guidelines for CABG address patients

with poor LV function with an emphasis on the amount

of jeopardized myocardium and assign a class I recom-

mendation for patients with LV dysfunction and left

main, left main equivalent, and proximal left anterior

descending coronary artery disease with 2- or 3-vessel

disease without regard to symptoms or viability.38 A class

IIa recommendation is given to patients with LV

dysfunction with a myocardium that can be significantly

revascularized without the class I anatomical patterns,

but again, without regard to symptoms. The 2005

guidelines for PCI do not address recommendations for

patients with clinical HF or LV dysfunction.39

In practice, HF patients with ischemic dysfunction and

angina are offered revascularization if feasible. Although

clinical data are inconsistent, revascularization is often

considered in patients without angina, given the high

mortality associated with medical treatment. Thus, the

practice patterns of many clinicians approximate the



Table I. Factors influencing choice of CABG versus PCI in
patients with LV dysfunction and CAD

PCI CABG

Anatomic
Focal lesions +
Diffuse lesions +
Complex lesions including chronic total occlusion +

Clinical
Prior CABG +
Advanced age +
Multiple comorbidities +
Need for concomitant mitral surgery +
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CABG guidelines, and patients without angina, but who

have large amounts of jeopardized myocardium suitable

for revascularization, are strongly considered for revas-

cularization. Stress testing is challenging in this patient

population, but a decision in favor of revascularization

may be supported if a large amount of ischemia can be

convincingly demonstrated. The role of viability testing

varies among institutions depending on availability of

techniques and clinical experience. Decision making in

patients who have no angina, borderline coronary

anatomy, or significant comorbidities can be assisted by

viability testing with the finding of large amounts of

viability supporting a decision for increased-risk revas-

cularization as shown in Figure 5. Knowledge of the

pathophysiology of hibernating myocardium plus obser-

vational data would suggest that revascularization is time-

sensitive, and a bwait-and-see approachQ is rarely appro-

priate. The eagerly awaited results of randomized trials

should clarify the role of revascularization and viability

testing especially for patients who have no angina.

There are no strict criteria to determine which

patients are btoo sickQ to be considered for revascular-

ization. Many of these are patients with advanced age

or who have compelling comorbidities such

multiorgan failure, and conservative management is

obvious. Unfortunately, clinicians not uncommonly face

difficult decisions concerning younger patients includ-

ing the dilemma in which the choice between the

periprocedural mortality of high-risk revascularization

must be balanced against the uncertainty of organ

availability and risks of transplantation.
Patient selection for PCI
Percutaneous coronary intervention is the most com-

mon revascularization technique for coronary disease

worldwide based on the efficacy of bare metal and, more

recently, drug-eluting stents. Fundamentally, PCI differs

from CABG in that PCI addresses a focal stenosis,

whereas CABG treats an entire myocardial segment. In

the former case, a current culprit is being treated,

whereas in the latter case, future culprit lesions may be

revascularized. This concept has been used to explain

the more favorable outcomes with CABG compared to

PCI in the New York State Registry.40

In everyday practice, PCI and CABG may be considered

as complementary rather than competitive approaches in

patients with ischemic cardiomyopathy. A history of

previous bypass surgery is a common reason to prefer PCI

over CABG, whereas the need for concomitant mitral

valve repair makes a surgical approach more appealing. A

number of anatomical and clinical factors are summarized

in Table I. The ability to achieve complete revasculariza-

tion is often an important issue in choosing between PCI

and surgical revascularization with some believing that

late outcome is influenced more by completeness of
revascularization than by method.11 It especially seems

reasonable to try to achieve revascularization of all viable

segments. Finally, PCI is often the procedure of last resort

for patients who have been denied surgery. In those

patients with compromised LV function and in whom

technically challenging lesions are approached, the

risk versus benefit in terms of the potential for cardio-

vascular collapse and other risks of the PCI procedure

including intra-aortic balloon pump support must

be considered.

Conclusions
Currently, revascularization decisions in patients with

ischemic cardiomyopathy cannot be based on random-

ized clinical trial data. The outcomes of multiple

observational studies support the benefit of revasculari-

zation in patients with ischemic cardiomyopathy and

angina. Revascularization may be an emerging concept in

patients without angina but who have appropriate

coronary anatomy and no contraindications. Viability

testing can identify patients who may have hibernating or

stunned myocardium, and may play a supportive role in

decision making. The choice of revascularization tech-

nique should be made on the basis of anatomical, clinical,

and patient preference issues. Ongoing randomized

clinical trials should better define the role of revascular-

ization and viability testing and allow the development of

more comprehensive clinical guidelines for management.

References
1. Thom T, Haase N, Rosamond W, et al, for the American Heart

Association Statistics Committee and Stroke Statistics Subcommittee.
Heart disease and stroke statistics—2006 update: a report from the
American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation 2006;113:e85-e151.

2. Koelling TM, Chen RS, Lubwama RN, et al. The expanding national
burden of heart failure in the United States: the influence of heart
failure in women. Am Heart J 2004;147:74 -8.

3. Massie BM, Shah NB. Evolving trends in the epidemiologic factors of
heart failure: rationale for preventive strategies and comprehensive
disease management. Am Heart J 1997;133:703-12.



American Heart Journal

April 2007
S72 Phillips, O’Connor, and Rogers
4. Roger VL, Weston SA, Redfield MM, et al. Trends in heart failure
incidence and survival in a community-based population. JAMA
2004;292:344-50.

5. Adams Jr KF, Fonarow GC, Emerman CL, et al. Characteristics
and outcomes of patients hospitalized for heart failure in the
United States: rationale, design, and preliminary observations
from the first 100,000 cases in the Acute Decompensated
Heart Failure National Registry (ADHERE). Am Heart J 2005;149:
209 -16.

6. Gheorghiade M, Bonow RO. Chronic heart failure in the United
States: a manifestation of coronary artery disease. Circulation
1998;97:282 -9.

7. Rahimtoola SH. The hibernating myocardium. Am Heart J
1989;117:211-21.

8. Kim SJ, Depre C, Vatner SF. Novel mechanisms mediating stunned
myocardium. Heart Fail Rev 2003;8:143 -53.

9. Bax JJ, Visser FC, Poldermans D, et al. Time course of functional
recovery of stunned and hibernating segments after surgical
revascularization. Circulation 2001;104(Suppl 1):I314 -8.

10. Dispersyn GD, Borgers M, Flameng W. Apoptosis in chronic
hibernating myocardium: sleeping to death? Cardiovasc Res
2000;45:696 -703.

11. Chareonthaitawee P, Gersh BJ, Araoz PA, et al. Revascularization
in severe left ventricular dysfunction: the role of viability testing.
J Am Coll Cardiol 2005;46:567 -74.

12. Rahimtoola SH, LaCanna G, Ferrari R, et al. Hibernating myocar-
dium another piece of the puzzle falls into place. J Am Coll Cardiol
2006;47:978 -80.

13. Samady H, Elefteriades JA, Abbott BG, et al. Failure to improve left
ventricular function after coronary revascularization for ischemic
cardiomyopathy is not associated with worse outcome. Circulation
1999;100:1298 -304.

14. Carluccio E, Biagioli P, Alunni G, et al. Patients with hibernating
myocardium show altered left ventricular volumes and shape, which
revert after revascularization evidence that dyssynergy might
directly induce cardiac remodeling. J Am Coll Cardiol 2006;47:
969 -77.

15. O’Connor CM, Velazquez EJ, Gardner LH, et al. Comparison of
coronary artery bypass grafting versus medical therapy on long-
term outcome in patients with ischemic cardiomyopathy (a 25-year
experience from the Duke Cardiovascular Disease Databank). Am J
Cardiol 2002;90:101 -7.

16. Smith PK, Califf RM, Tuttle RH, et al. Selection of surgical or
percutaneous coronary intervention provides differential longevity
benefit. Ann Thorac Surg 2006;82:1420 -8.

17. Alderman EL, Fisher LD, Litwin P, et al. Results of coronary artery
surgery in patients with poor left ventricular function (CASS).
Circulation 1983;68:785 -95.

18. Baker DW, Jones R, Hodges J, et al. Management of heart failure,
III: the role of revascularization in the treatment of patients with
moderate or severe left ventricular systolic dysfunction. JAMA
1994;272:1528 -34.

19. Tarakji KG, Brunken R, McCarthy PM, et al. Myocardial viability
testing and the effect of early intervention in patients with
advanced left ventricular systolic dysfunction. Circulation
2006;113:230 -7.

20. Steg PG, Dabbous OH, Feldman LJ, et al. Determinants and
prognostic impact of heart failure complicating acute coronary
syndromes: observations from the Global Registry of Acute
Coronary Events (GRACE). Circulation 2004;109:494 -9.
21. Baks T, van Geuns RJ, Duncker DJ, et al. Prediction of left ventricular
function after drug-eluting stent implantation for chronic total
coronary occlusions. J Am Coll Cardiol 2006;47:721 -5.

22. Di Sciascio G, Patti G, D’Ambrosio A, et al. Coronary stenting in
patients with depressed left ventricular function: acute and long-term
results in a selected population. Catheter Cardiovasc Interv
2003;59:429 -33.

23. Sedlis SP, Ramanathan KB, Morrison DA, et al. Outcome of
percutaneous coronary intervention versus coronary bypass grafting
for patients with low left ventricular ejection fractions, unstable
angina pectoris, and risk factors for adverse outcome with bypass
(the AWESOME randomized trial and registry). Am J Cardiol
2004;94:118 -20.

24. Hannan EL, Racz MJ, Walford G, et al. Long-term outcomes of
coronary-artery bypass grafting versus stent implantation. N Engl J
Med 2005;352:2174-83.

25. Casserly IP. The optimal revascularization strategy for multivessel
coronary artery disease: the debate continues. Cleve Clin J Med
2006;73:317 -28.

26. Allman KC, Shaw LJ, Hachamovitch R, et al. Myocardial viability
testing and impact of revascularization on prognosis in patients with
coronary artery disease and left ventricular dysfunction: a meta-
analysis. J Am Coll Cardiol 2002;39:1151-8.

27. Bax JJ, Poldermans D, Elhendy A, et al. Sensitivity, specificity, and
predictive accuracies of various noninvasive techniques for detecting
hibernating myocardium. Curr Probl Cardiol 2001;26:
141 -86.

28. Bax JJ, van der Wall EE, Harbinson M. Radionuclide techniques for
the assessment of myocardial viability and hibernation. Heart
2004;90(Suppl 5):v26-v33.

29. Bourque JM, Hasselblad V, Velazquez EJ, et al. Revasculariza-
tion in patients with coronary artery disease, left ventricular
dysfunction, and viability: a meta-analysis. Am Heart J 2003;
146:621 -7.

30. Bourque JM, Velazquez EJ, Borges-Neto S, et al. Radionuclide
viability testing: should it affect treatment strategy in patients with
cardiomyopathy and significant coronary artery disease? Am Heart
J 2003;145:758 -67.

31. Gibbons RJ, Chareonthaitawee P, Bailey KR. Revascularization in
systolic heart failure: a difficult decision. Circulation
2006;113:180 -2.

32. Kim RJ, Wu E, Rafael A, et al. The use of contrast-enhanced
magnetic resonance imaging to identify reversible myocardial
dysfunction. N Engl J Med 2000;343:1445 -53.

33. Bucciarelli-Ducci CB, Wu E, Lee DC, et al. Contrast-enhanced
cardiac magnetic resonance in the evaluation of myocardial
infarction and myocardial visibility in patients with ischemic heart
disease. Curr Probl Cardiol 2006;31:121 -68.

34. Doenst T, Velazquez EJ, Beyersdorf F, et al. To STICH or not to
STICH: we know the answer, but do we understand the question?
J Thorac Cardiovasc Surg 2005;129:246 -9.

35. Cleland JG, Freemantle N, Ball SG, et al. Coronary stenting in
patients with depressed left ventricular function: acute and long-term
results in a selected population. Catheter Cardiovasc Interv
2003;59:429 -33.

36. Beanlands R, Nichol G, Ruddy TD, et al. Evaluation of outcome and
cost effectiveness using an FDG PET-guided approach to manage-
ment of patients with coronary disease and severe left ventricular
dysfunction (PARR-2): rational, design, and methods. Control Clin
Trials 2003;24:776 -94.



American Heart Journal

Volume 153, Number 4
Phillips, O’Connor, and Rogers S73
37. Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005
guideline update for the diagnosis and management of chronic
heart failure in the adult: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Update the 2001 Guidelines for
the Evaluation and Management of Heart Failure). American
College of Cardiology Web Site 2005. Available at: http://
www.acc.org/clinical/guidelines/failure//index.pdf.

38. Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA 2004
guideline update for coronary artery bypass graft surgery: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to
Update the 1999 Guidelines for Coronary Artery Bypass Graft
Surgery). American College of Cardiology Web Site.
Available at: http://www.acc.org/clinical/guidelines/cabg/
cabg.pdf.

39. Smith SC Jr, Feldman TE, Hirshfeld Jr JW, et al. ACC/AHA/SCAI
2005 guideline update for percutaneous coronary intervention: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (ACC/AHA/SCAI
Writing Committee to update the 2001 Guidelines for Percutaneous
Coronary intervention). American College of Cardiology Web
Site. Available at: http://www.acc.org/clinical/guidelines/
percutaneous/update/index.pdf.

40. Gersh BJ, Frye R. Methods of coronary revascularization—things
may not be as they seem. N Engl J Med 2005;352:2235 -7.

http://www.acc.org/clinical/guidelines/failure//index.pdf
http://www.acc.org/clinical/guidelines/cabg/cabg.pdf
http://www.acc.org/clinical/guidelines/percutaneous/update/index.pdf

	Revascularization for heart failure
	Background
	Pathophysiology of functional recovery after coronary revascularization in patients with ischemic dysfunction
	Surgical coronary revascularization in patients with LV dysfunction: observational data
	Role of PCI in patients with HF
	The role of viability testing
	Randomized trials in progress
	Guideline-based clinical practice
	Patient selection for PCI
	Conclusions
	References


