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Introduction

Limitations with organ procurement re-
strict the use of homologous heart trans-
plantation in patients with advanced heart
failure. Despite the increasingly selective
listing, many transplant candidates will die
before the opportunity of a heart donor aris-
es. The chances of survival and the quality
of life of patients eligible for transplanta-
tion therefore depend on the waiting list no
less than on the operation itself.

As a consequence, and pending further
progress in mechanical replacement de-
vices and xenotransplantation, there has
been a surge in the interest for non-trans-
plant surgical procedures, including “con-
ventional” operations – such as coronary
bypass grafting and mitral valve repair or
replacement – and the more innovative in-
terventions addressing the remodeling
process.

The degree of development and the ef-
fectiveness of translating these concepts in-
to practice are variable. There are no prop-
erly designed trials which provide evi-
dence-based selection criteria for the
matching of any of these procedures with
any corresponding patient profile. Eco-

nomic and accessibility considerations af-
fect the indications no less than the clinical
criteria and appropriateness. We therefore
reviewed the most relevant data regarding
these aspects with the aim of improving the
rationale of the “conventional wisdom” ap-
proach.

Coronary bypass grafting

Patients with angina and left ventricular
dysfunction are likely to benefit most from
revascularization even though their clinical
picture may include heart failure1. Their
clinical and prognostic benefits are largely
explained by the prevention of new is-
chemic events and the relief of chronic is-
chemia – hibernation – if any. In this set-
ting, whether the post-revascularization left
ventricular functional changes affect the
outcome appears to be a moot question,
though at least one study suggests that an
increased ejection fraction per se is not a
prerequisite for improved survival2.

Patients with heart failure following one
or more ischemic insult, but no angina, are
often characterized by an enlarged heart and
severe left ventricular systolic dysfunction
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The need of alternatives to transplantation has lead to routinely reconsidering conventional
surgery for selected patients with advanced heart failure. 

Although the recovery of ventricular contractility with revascularization sometimes restores ven-
tricular function almost to normality while dramatically enhancing the quality of life, only a few pa-
tients with ischemic left ventricular dysfunction exhibit the amount of hibernating myocardium re-
quired for such a spectacular outcome taking place. Advanced remodeling is a further obstacle and is
currently being addressed by means of operations designed to reduce ventricular volume and restore
geometry. Hemodynamic measurements raise concerns, however, as to the diastolic function and the
competence of the mitral valve late after reconstructive surgery. Finally, the repair of mitral valve re-
gurgitation has produced interesting short-to-medium term results both in terms of survival and
heart failure relief. Yet, their durability is uncertain, if not disappointing when the valvular disease
has an ischemic etiology.

Expectations of patients undergoing one of the aforementioned procedures, or a combination there-
of, should not be averaged as they heavily depend on the specific patient profile under evaluation.
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and probably constitute a somewhat different subset. At
variance with the previous scenario, any improvement
in heart failure symptoms following revascularization
has been shown to be related to the recruitment of sig-
nificant amounts of reversibly dyssynergic myocardi-
um3-5. The latter parameter thus plays a pivotal role in
the prediction of the functional recovery when recom-
mending a revascularization procedure. This has high-
lighted the hibernating myocardium as the substrate
linked to the post-revascularization recovery better than
any other viability state. Although it is quite prevalent in
patients with ischemic heart disease – and can be iden-
tified in about half of those with ischemic cardiomy-
opathy – hibernation is often limited in extent, to the
point that only 1 out of 3-4 examined patients presents
with the minimum amount of recruitable muscle neces-
sary for an effective surgical risk/benefit ratio6. As a
matter of fact, patients in whom less than 20% of the left
ventricle may be considered as hibernating are unlikely
to benefit from revascularization3-5. Careful diagnostic
discrimination is required in every patient, therefore, as
to the specific contribution of hibernation compared to
other different myocardial viability states such as stun-
ning, inducible ischemia, remodeling and normalcy,
since only the former allows the reliable prediction of
the revascularization-mediated functional recovery7.
Unfortunately, detailed viability assessment at the reso-
lution level of some elegant research study8 is not com-
monly available for clinical purposes, nor has the dis-
criminating ability of the ventricular volumes been in-
corporated into routine diagnostic work-up despite
some quite compelling evidence9,10.

Those few studies assessing the value of revascular-
izing the failing heart suggest that when the coronary
graftability11 and myocardial viability criteria are satis-
fied12-14 bypass grafting procedures compare quite fa-
vorably with heart transplantation in the short-to-medi-
um term follow-up. Louie et al.12 achieved a 72% 3-
year survival in 22 patients revascularized for severe
congestive heart failure due to ischemic cardiomyopa-
thy (the mean ± SD end-diastolic left ventricular diam-
eter was 70 ± 7 mm in this series). Postoperatively, the
left ventricular ejection fraction increased (from 26 ± 9
to 36 ± 9%) and the functional capacity improved (from
NYHA class 3.9 ± 0.3 to 1.2 ± 0.4) in the majority of
their patients. The small population sample did not pre-
vent the authors from identifying the key role of my-
ocardial viability for patient selection while, at the
same time, pointing to the adverse implications of ad-
vanced remodeling (i.e. a left ventricular end-diastolic
diameter > 75 mm or a left ventricular ejection fraction
< 20%). 

The short-term outcome was similarly good in a se-
ries of 32 patients referred for transplantation but even-
tually submitted to revascularization because of “sig-
nificant” myocardial viability, as reported by Dreyfus
et al.13. The heart failure symptoms improved (average
NYHA class 2 from 3.2 preoperatively) and an 84%

survival rate was recorded at a mean of 18 ± 6 months
of follow-up. Finally, Paolini et al.14 selected, on the
basis of viability criteria, a small group of 9 patients
with severe left ventricular dysfunction and congestive
heart failure but no angina nor inducible ischemia. All
patients survived and clinically improved (average
NYHA class 1.9 from 3.1 preoperatively) at a 28 ± 10
month follow-up, while the left ventricular ejection
fraction increased from 27 to 43%.

The longer-term outcome after revascularization for
congestive heart failure can only be inferred from some
surgical series of patients selected on the basis of severe
left ventricular dysfunction though with a variable clin-
ical presentation. For instance, Lorusso et al.15 reported
an 8-year follow-up for such a series including 30% of
cases classified as being in NYHA class III-IV preop-
eratively. At multivariable analysis, both old age and
congestive heart failure were independent predictors of
an increased mortality suggesting that, in patients with
a congestive heart failure history preoperatively, the
long-term survival might have been significantly lower
than the overall survival rate of 60 ± 9% reported in that
series. As a reference, the 8-year follow-up in the
UNOS Registry16 recorded a 54% survival rate after
heart transplantation, though in a younger population
sample. In another series with a somewhat more severe
left ventricular dysfunction (ejection fraction 18 ± 5%)
Mickleborough et al.17 achieved a 72% 5-year survival
rate following revascularization, while confirming the
adverse predictive role of old age and of a congestive
heart failure history. It is worth emphasizing that the
preoperative NYHA class IV status was associated with
a 5-year survival rate which was < 40% in this series. In
contrast, the UNOS Registry16 5-year survival rate was
67%. It is fair to point out that the unfavorable predic-
tive role of congestive heart failure was not confirmed
by Luciani et al.18, who reported a 75 ± 8% survival 7
years following revascularization for severe left ven-
tricular dysfunction.

Of course, rehabilitation is at least as relevant as
survival when comparing alternative treatments in this
clinical setting, and that is where the limitations of
coronary revascularization are best appreciated. As re-
ported by the UNOS Registry16, 91% of transplanted
patients have no functional limitation at 5 years while,
on the other hand, about half of the revascularized pa-
tients surviving through 7-8 years suffer from recurrent
heart failure15,18. Besides the clinical outcome, the fi-
nancial advantages favoring revascularization19 may
therefore be erased by subsequent multiple re-hospital-
izations for congestive heart failure. 

To summarize, myocardial revascularization ap-
pears to be an effective and appropriate first-line ap-
proach to ischemic cardiomyopathy though, when heart
failure prevails over the ischemic symptoms and signs,
significant amounts of functionally recruitable my-
ocardium are required if the results of heart transplan-
tation are to be emulated. It should be appreciated that
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advanced remodeling9,10, unstable hemodynamics,
acute coronary syndromes, a low cardiac output, pul-
monary hypertension and “right ventricular” fail-
ure11,13,17,20,21, have all been associated with a poor sur-
gical result and render revascularization unattractive
and possibly inappropriate. Advanced age is a further
risk factor11,15,17, though the lack of alternatives will in-
troduce a bias. This may lead to a dangerous underesti-
mation of this risk factor. Perhaps in the elderly, more
than in any other setting, one should not proceed to
surgery in the absence of the criteria predicting a sig-
nificantly enhanced quality of life.

Mitral valve surgery

Having established that the resection of the chordae
tendineae and the consequent discontinuity of the an-
nulo-papillary apparatus could partly explain the poor
results observed after mitral valve surgery in cases with
severe left ventricular dysfunction, surgeons have gone
back to operating upon the incompetent mitral valve
with the use of new techniques which spare the suspen-
sory mechanism of the valve. In the majority of pa-
tients, mitral repair is quite straightforward22,23 though,
as an alternative, the eventual implantation of a pros-
thetic device can still be performed whilst at the same
time leaving at least the posterior leaflet in place to-
gether with its chordal attachments.

Whether due to primary or ischemic cardiomyopa-
thy, as the heart enlarges the process of remodeling at-
tracts both leaflets into the ventricle below the annular
plane – while at the same time the annulus dilates. The
available suspensory and closing components of the
mitral valve thus become inadequate and no longer en-
sure valve competence. By downsizing the annular cir-
cumference, mitral annuloplasty is quite successful in
restoring proper leaflet coaptation though in an abnor-
mal, somewhat subannular plane. Annuloplasty may al-
so restore the base of the ventricle and the whole cavi-
ty away from the somewhat spherical shape of car-
diomyopathy hearts and towards a more elliptical con-
figuration23. On the other hand, mitral annuloplasty,
whether alone or combined with some kind of free wall
repair, may be inadequate for post-infarction aneu-
rysms involving the base of the papillary muscles, mak-
ing valve replacement unavoidable.

Provided that the difficulty of comparing the differ-
ent, contemporary surgical series with the historical
counterparts is fully acknowledged, the short-to-medi-
um term outcome of mitral valve surgery in the pres-
ence of severe left ventricular dysfunction has seem-
ingly changed for the better following the implementa-
tion of the aforesaid technical principles. At 2 years, the
survival ranged from 68 to 86%, only to diverge radi-
cally at 5 years from 38 to 78% in the four most con-
tributory series dealing with this clinical problem22-25.
The ejection fraction cut-off for inclusion (varying

from 25 to 35%), the role of active ischemia (ranging
from nil to prevalent) and the proportion of replace-
ment procedures (from 0 to 40%) were just the most ev-
ident – though by no means the only – differences be-
tween the four series. This makes it difficult to defi-
nitely foretell what can be accomplished and how with
mitral valve surgery in this setting. As a working hy-
pothesis, associated revascularization for active is-
chemia (but not for incidental coronary artery disease)
portends a worse prognosis and annuloplasty, when
feasible, is preferable to mitral replacement24,26. 

Quite importantly, patients surviving mitral valve
surgery for severe heart failure and left ventricular dys-
function enjoy a greater functional capacity compared
to that observed preoperatively22-25. Bolling at al.23

have also shown that a significant degree of reverse re-
modeling does occur after reductive mitral annuloplas-
ty. The clinical and physiologic value of correcting the
mitral valve regurgitation of hearts with severe ventric-
ular dysfunction has thus been reasonably documented,
although a longer-term follow-up and additional contri-
butions are eagerly awaited in order to improve the se-
lection criteria for recommending this procedure. It is
also critical that uncertainties as to the role of active is-
chemia be unraveled, and that the need and the nature
of different and more innovative therapeutic strategies
be clearly defined for this specific subset of patients.

Left ventricular reshaping

On the basis of Laplace’s law, resection of part of
the left ventricular postero-lateral wall has been inves-
tigated as a means of decreasing the radius of the left
ventricular cavity and hence the wall stress in patients
with end-stage dilated cardiomyopathy27. Although the
operation may be quite successful in some patients, the
result cannot be reliably predicted. This, in turn, leads
to a lack of reproducibility and disappointment. Partial
left ventriculectomy is therefore best set aside until ad-
ditional research will improve the selection criteria and
perhaps bring about some kind of technical refine-
ment28. Notwithstanding this criticism, the procedure
has bolstered the concept of reverse remodeling and
drawn new interest in left ventricular aneurysmectomy
and its variants.

Among others, left ventriculoplasty by either
aneurysm or simple scar excision has emerged as a
means of decreasing the left ventricular volume in pa-
tients with ischemic cardiomyopathy29. Though first
described as a treatment for anterior wall deformities,
which still constitute the bulk of eligible cases, the con-
cept may also apply to large aneurysms in different lo-
cations. The procedure has been validated in the short-
term by a large multicenter study showing an 84% 18-
month survival together with an 85% freedom from re-
hospitalization30. In Dor’s experience, the 10-year sur-
vival was inversely related to the preoperative left ven-
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tricular volume31, suggesting the appropriateness of
proceeding with surgery before advanced remodeling
occurs.

Objective postoperative evidence of improvement
following Dor’s procedure has not emerged as clearly
as the progression in the NYHA class. At 1 year, the left
ventricular volumes were down to half the preoperative
measurements, and the left ventricular ejection fraction
was significantly improved. Nevertheless, that seems to
have occurred at the expense of the ventricular compli-
ance, as suggested by the increased pulmonary arterial
and wedge pressures compared to the corresponding
preoperative values29. Furthermore, the cardiac output
persists at the low-normal values observed prior to
surgery, and slightly more than one third of patients de-
velop mitral regurgitation32. The increased ventricular
sphericity has been offered as an explanation for the de
novo mitral insufficiency, which was at least moderate
in 18% of Dor’s patients32. Finally, rewarding as it may
be, left ventriculoplasty certainly owes an as yet unde-
fined share of its merits to the frequently associated
procedures such as coronary artery bypass grafting, mi-
tral repairs and antiarrhythmic intervention. Most
awaited is thus the contribution of the STICH trial (Sur-
gical Treatment for Ischemic Heart Failure) whose aim
is to compare medical treatment alone versus revascu-
larization versus combined revascularization and ven-
triculoplasty33.

New technologies also address reverse remodeling
by physical left ventricular containment. One option in-
cludes the conversion of the transverse section of the
left ventricle almost to a “figure of 8” shape by splitting
the short axis at different planes, with the aim of reduc-
ing wall stress34. Alternatively, a restraining mesh may
be wrapped around both ventricles to decrease diastolic
stress as successfully shown in a preliminary clinical
series35.

Buckberg’s trilogy and epilogue

The necessity of separately discussing these differ-
ent surgical procedures should not obscure the oppor-
tunity of considering them in a complementary way as
appropriate in patients with heart failure undergoing
surgical evaluation31. Whether stand-alone or com-
bined, they are far more accessible than heart trans-
plantation and are definitely cheaper. In properly se-
lected patients their results may equal those of trans-
plantation19, not to mention that there may be no alter-
native for many elderly patients who are ineligible to
compete for a new heart.

Unfortunately, the scenario in which such a clinical
decision is taken is further compounded by the pressure
to overcome the limitations of medical treatment, and
the tempting – and generally favorable – early reports
of innovative approaches and new technologies. It may
thus happen that sometimes, maybe just out of lack of

alternatives, a choice must be made in the absence of
clearly supporting evidence, and heart failure typically
exemplifies that situation. For those occasionally oblig-
ed to decide in the lack of guidelines or against them it
is therefore mandatory to make every aspect of such a
decisional process explicit, in order to improve upon
their understanding of the outcomes and to use that un-
derstanding as a preliminary step towards the develop-
ment of new knowledge.

References

1. Baker DW, Jones R, Hodges J, Massie BM Konstam MA,
Rose EA. Management of heart failure. III. The role of
revascularization in the treatment of patients with moderate
or severe left ventricular dysfunction. JAMA 1994; 272:
1528-34.

2. Samady H, Elefteriades JA, Abbott BG, Mattera JA,
McPherson CA, Wackers FJ. Failure to improve left ven-
tricular function after coronary revascularization for is-
chemic cardiomyopathy is not associated with worse out-
come. Circulation 1999; 100: 1298-304.

3. Marwick TH, Nemec JJ, Lafont A, Salcedo EE, MacIntyre
WJ. Prediction by postexercise fluoro-18 deoxyglucose
positron emission tomography of improvement in exercise
capacity after revascularization. Am J Cardiol 1992; 69:
854-9.

4. Di Carli MF, Asgarzadie F, Schelbert HR, et al. Quantitative
relation between myocardial viability and improvement in
heart failure symptoms after revascularization in patients
with ischemic cardiomyopathy. Circulation 1995; 92: 3436-
44.

5. Bax JJ, Poldermans D, Elhendy A, et al. Improvement of
left ventricular ejection fraction, heart failure symptoms
and prognosis after revascularization in patients with chron-
ic coronary artery disease and viable myocardium detected
by dobutamine stress echocardiography. J Am Coll Cardiol
1999; 34: 163-9.

6. Auerbach MA, Schoder H, Hoh C, et al. Prevalence of my-
ocardial viability as detected by positron emission tomog-
raphy in patients with ischemic cardiomyopathy. Circula-
tion 1999; 99: 2921-6.

7. Cornel JH, Bax JJ, Elhendy A, et al. Biphasic response to
dobutamine predicts improvement of global left ventricular
function after surgical revascularization in patients with sta-
ble coronary artery disease. Implications of time course of
recovery on diagnostic accuracy. J Am Coll Cardiol 1998;
31: 1002-10.

8. Narula J, Dawson MS, Singh BK, et al. Noninvasive char-
acterization of stunned, hibernating, remodeled and nonvi-
able myocardium in ischemic cardiomyopathy. J Am Coll
Cardiol 2000; 36: 1913-9.

9. Hamer AW, Takayama M, Abraham KA, et al. End-systolic
volume and long-term survival after coronary artery bypass
graft surgery in patients with impaired left ventricular func-
tion. Circulation 1994; 90: 2899-904.

10. Yamaguchi A, Ino T, Adachi H, et al. Left ventricular vol-
ume predicts postoperative course in patients with ischemic
cardiomyopathy. Ann Thorac Surg 1998; 65: 434-8.

11. Langenburg SE, Buchanan SA, Blackbourne LH, et al. Pre-
dicting survival after coronary revascularization for ischemic
cardiomyopathy. Ann Thorac Surg 1995; 60: 1193-7.

12. Louie HW, Laks H, Milgalter E, et al. Ischemic cardiomy-
opathy. Criteria for coronary revascularization and cardiac
transplantation. Circulation 1991; 84: III290-III295.

78

Ital Heart J Vol 4 February 2003



13. Dreyfus G, Duboc D, Blasco A, et al. Coronary surgery can
be an alternative to heart transplantation in selected patients
with end-stage ischemic heart disease. Eur J Cardiothorac
Surg 1993; 7: 482-8.

14. Paolini G, Lucignani G, Zuccari M, et al. Identification and
revascularization of hibernating myocardium in angina-free
patients with left ventricular dysfunction. Eur J Cardiotho-
rac Surg 1994; 8: 139-44.

15. Lorusso R, La Canna G, Ceconi C, et al. Long-term results
of coronary artery bypass grafting procedure in the presence
of left ventricular dysfunction and hibernating myocardi-
um. Eur J Cardiothorac Surg 2001; 20: 937-48.

16. Hosenpud J, Bennett LE, Keck BM, Boucek MM, Novick
RJ. The Registry of the International Society for Heart and
Lung Transplantation: eighteenth official report - 2001. J
Heart Lung Transplant 2001; 20: 805-15.

17. Mickleborough LL, Carson S, Tamariz M, Ivanov J. Results
of revascularization in patients with severe left ventricular
dysfunction. J Thorac Cardiovasc Surg 2000; 119: 550-7.

18. Luciani GB, Montalbano G, Casali G, Mazzucco A. Pre-
dicting long-term functional results after myocardial revas-
cularization in ischemic cardiomyopathy. J Thorac Cardio-
vasc Surg 2000; 120: 478-89.

19. Cope JT, Kaza AK, Reade CC, et al. A cost comparison of
heart transplantation versus alternative operations for car-
diomyopathy. Ann Thorac Surg 2001; 72: 1298-305.

20. Hausmann H, Topp H, Holz S, Hetzer R. Decision-making
in end-stage coronary artery disease: revascularization or
heart transplantation? Ann Thorac Surg 1997; 64: 1296-
302.

21. Yau TM, Fedak PWM, Weisel RD, Teng C, Ivanov J. Pre-
dictors of operative risk for coronary bypass operations in
patients with left ventricular dysfunction. J Thorac Cardio-
vasc Surg 1999; 118: 1006-13.

22. Calafiore AM, Gallina S, Di Mauro M, et al. Mitral valve
procedure in dilated cardiomyopathy. Repair or replace-
ment? Ann Thorac Surg 2001; 71: 1146-53.

23. Bolling SF, Pagani FD, Deeb GM, Bach DS. Intermediate-
term outcome of mitral reconstruction in cardiomyopathy. J
Thorac Cardiovasc Surg 1998; 115: 381-8.

24. Chen FY, Adams DH, Aranki SF, et al. Mitral valve repair
in cardiomyopathy. Circulation 1998; 98: II124-II127.

25. Bishay ES, McCarthy PM, Cosgrove DM, et al. Mitral valve

surgery in patients with severe left ventricular dysfunction.
Eur J Cardiothorac Surg 2000; 17: 213-21.

26. Miller DC. Ischemic mitral regurgitation redux - To repair or
to replace? J Thorac Cardiovasc Surg 2001; 122: 1059-62.

27. Batista RJV, Santos JVL, Takeshita N, Bocchino L, Lima
PN, Cunha MA. Partial left ventriculectomy to improve left
ventricular function in end-stage heart disease. J Card Surg
1996; 11: 96-7.

28. Franco-Cereceda F, McCarthy PM, Blackstone EH, et al.
Partial left ventriculectomy for dilated cardiomyopathy: is
this an alternative to transplantation? J Thorac Cardiovasc
Surg 2001; 121: 879-93.

29. Dor V, Sabatier M, Di Donato M, Montiglio F, Toso A,
Maioli M. Efficacy of endoventricular patch plasty in large
postinfarction akinetic scar and severe left ventricular dys-
function: comparison with a series of large dyskinetic scars.
J Thorac Cardiovasc Surg 1998; 116: 50-9.

30. Athanasuleas CL, Stanley AW Jr, Buckberg GD, Dor V, Di
Donato M, Blackstone E. Surgical anterior ventricular en-
docardial restoration (SAVER) in the dilated remodeled
ventricle after anterior myocardial infarction. RESTORE
Group. Reconstructive Endoventricular Surgery, returning
Torsion Original Radius Elliptical Shape to the LV. J Am
Coll Cardiol 2001; 37: 1199-209.

31. Buckberg GD. Congestive heart failure: treat the disease,
not the symptom - return to normalcy. J Thorac Cardiovasc
Surg 2001; 121: 628-37.

32. Di Donato M, Sabatier M, Dor V, et al. Effects of the Dor
procedure on left ventricular dimension and shape and geo-
metric correlates of mitral regurgitation one year after
surgery. J Thorac Cardiovasc Surg 2001; 121: 91-6.

33. Jones RH. Is it time for a randomized trial of surgical treat-
ment of ischemic heart failure? J Am Coll Cardiol 2001; 37:
1210-3.

34. McCarthy PM, Takagaki M, Ochiai Y, et al. Device-based
change in left ventricular shape: a new concept for the treat-
ment of dilated cardiomyopathy. J Thorac Cardiovasc Surg
2001; 122: 482-90.

35. Konertz WF, Shapland JE, Hotz H, Dushe S, Braun JP, 
Stantke K, Kleber FX. Passive containment and reverse re-
modeling by a novel textile cardiac support device. Circula-
tion 2001; 104 (Suppl I): I270-I275.

B Zingone et al - Conventional surgery for heart failure

79


