
111Ann Thorac Cardiovasc Surg Vol. 9, No. 2 (2003)

Original
Article

Introduction

With recent advances in surgical technique and intraop-
erative myocardial protection, along with certain com-
parative advantages, coronary artery bypass grafting
(CABG) is often considered an effective option for pa-
tients with severe left ventricular (LV) dysfunction.1-4) It
is often looked at favorably also because the results of
medical therapy are often unsatisfactory,5) and cardiac
transplantation is limited because of the small number of
donor organs.6) These limitations, in conjunction with re-
cent studies that report a lowering of mortality for coro-

nary revascularization,1-4,7) make the latter a more impor-
tant therapeutic option in patients with severely depressed
ventricular function.

Nevertheless, CABG in patients with reduced LV func-
tion remains a surgical challenge. For example, hospital
mortality associated with LV dysfunction cases is still
higher than that for normal LV function cases.3,8,9) In an
attempt to improve the outcome for this set of patients,
we have undertaken aggressive complete revascularization
for poor LV function, in the expectation that this approach
will activate the hibernating myocardium.10) To quantify
the efficacy of complete revascularization as practiced at
our institution, we conducted a retrospective study.

Patients and Methods

Between April 1994 and May 2002, 893 patients under-
went CABG at our institution. Of these, 42 patients with
an ejection fraction (EF) of less than 30%, as determined
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by cineangiography, constituted the study group. Excluded
from this series were 11 patients who underwent LV plasty
or mitral annuloplasty and 5 patients with acute myocar-
dial infarction (MI).

The indication for surgery was congestive heart fail-
ure with reversible ischemia (31 patients) or unstable or
postinfarction angina (11 patients). We evaluated revers-
ible ischemia by thallium-201 scintigraphy, cineangiog-
raphy and echocardiography. Complete revascularization
was the goal in all cases and we performed bypass graft-
ing to all graftable vessels in which the myocardium was
viabile. Bypass grafting was targeted at all major branches,
the left anterior descending artery (LAD), the diagonal
branches (Dx), the obtuse marginal branch (OM), the
posterolateral branch (PL), and the posterior descending
artery (PD). We defined complete revascularization as
bypass grafting to all these major branches which had
stenosis. The left internal thoracic artery (LITA) was used
in all cases. For the diffusely diseased or calcified coro-
nary artery, we performed a coronary endarterectomy and
on-lay patch anastomosis for all lesions. Even if graftable
vessels by simple bypass grafting method could not be
detected, we performed bypass grafting using these tech-
niques.

Twenty-seven patients were men and 15 were
women. They ranged in age from 43 to 82 years (mean,
66.0±9.3 years). As determined according to the New
York Heart Association (NYHA) classification just be-
fore surgery, 26 patients were in class II, 9 in class III,

and 7 in class IV. There was a history of known old
myocardial infarction in 38 patients (90%). Thirty-two
patients (76%) had had congestive heart failure. Thirty
(71%) had diabetes mellitus, and 25 (60%) had hyper-
tension. The operation was designated elective (30
patients) or urgent (12 patients); there were no emer-
gent operations. Two patients (5%) had an intra-aortic
balloon pumping (IABP) in place. Two patients had
two-vessel disease and 40 had triple-vessel disease.
Six patients had disease in the left main trunk. The
values for the preoperative clinical variables are given
in Table 1.

Catheterization data are shown in Table 2. The preop-
erative EF was calculated from single ventricular angiog-
raphy by the modified Simpson method. The mean EF
was 23.8±4.5% (range, 13% to 30%). The mean left ven-
tricular end-diastolic volume index (LVEDVI) was
132±79 mL/m2 and the mean left ventricular end-systolic
volume index (LVESVI) was 100±31 mL/m2. The mean
cardiac index (CI) was 2.6±0.6 L/m2 and the mean left
ventricular end-diastolic pressure (LVEDP) was 19.2±7.0
mmHg.

A standard operative technique for CABG was used
on all 42 patients: standard cardiopulmonary bypass,
moderate hypothermia, and cold crystalloid cardioplegia.
The LV was vented through the right superior pulmonary
vein. Combined intermittent antegrade and retrograde car-
dioplegia via the coronary sinus was used on all patients.

All data in the text and tables are presented as the
mean±SD. Patient characteristics and outcomes were com-
pared by using t tests for continuous variables. The late sur-
vival was evaluated by using Kaplan-Meier analysis. The
StatView (StatView 4.5, Abacus Concepts, Cupertino, CA)
program was used for statistical analysis.

Table 1.  Preoperative clinical variables

NYHA, New York Heart Association; MI, myocardial in-
farction; IABP, intra-aortic balloon pumping; CHF, conges-
tive heart failure.

Table 2.  Catheterization data

Diseased vessels
 2
 3
 Left main
LVEF (%)
LVEDVI (mL/m2)
LVESVI (mL/m2)
Cardiac index (L/m2)
LVEDP (mmHg)

  2 (5%)
40 (95%)
  6 (14%)
23.8±4.5 (13-30)
 132±39
 100±31
  2.6±0.6
19.2±7.0

LVEF, left ventricular ejection fraction; LVEDVI, left ven-
tricular end-diastolic volume index; LVESVI, left ventricu-
lar end-systolic volume index; LVEDP, left ventricular end-
diastolic pressure.

Age (y)

Sex (male/female)
NYHA classification II
 III
 IV
Timing Elective
 Urgent
Hypertension
Diabetes mellitus
Old MI
History of CHF
Preoperative IABP
Dialysis
Primary indication for operation
 Heart failure
 Angina

    66.0±9.3
     (43-82)
    27/15
    26 (62%)
      9 (21%)
      7 (17%)
    30 (71%)
    12 (29%)
    25 (60%)
    30 (71%)
    38 (90%)
    32 (76%)
      2 (5%)
      2 (5%)

    31 (74%)
    11 (26%)
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Results

The mean operative time was 366±86 minutes (205-545
minutes), the mean cardiopulmonary bypass time was
167±42 minutes (75-277 minutes), and the mean aortic
cross-clamp time was 120±32 minutes (41-195 minutes).
Two of the 42 patients had two coronary grafts, 6 had
three, 11 had four, 15 had five, 3 had six, and 5 had seven.
The mean number of grafts per patient was 4.6±1.3, and
that of arterial grafts was 1.6±0.9. Endarterectomy was
performed in 13 patients and on-lay patch anastomosis in
20. Endarterectomy of the LAD was done in 6 patients,
that of the PD in 7, that of the OM in 2, and that of the Dx
in 1. The mean patency rate determined by postoperative
coronary angiography 1 month after operation was 98.8%,
and that of LITA was 100%. The mean patency rate of
endarterectomy or on-lay patch anastomosis was 97%
(Table 3).

Two patients disregarding 2 preoperative cases had an
IABP inplace for therapeutic reasons at the time of op-
eration. One patient sustained MI perioperatively accord-
ing to the criteria used at our hospital; creatine kinase,
myocardial band fraction >100 IU/L. There were 3 cere-
brovascular complications (major: 1, minor: 2), and 1
patient required reoperation for infection. No patient died
during the operation and 1 patient died due to mediastini-

tis 2 months after surgery. Follow-up ranged from 1 to 94
months (mean, 32±26 months). Seven patients died some-
time after discharge; 3 from cardiac events (heart failure
and MI), and 4 for unknown reasons. Figure 1 shows the
Kaplan-Meier estimated survival rate: the 5-year rate was
83.1%. Five patients were readmitted because of conges-
tive heart failure. Figure 2 shows the Kaplan-Meier esti-
mated cardiac event-free rate; the 5-year rate was 77.5%.

Thirty-five patients (83%) underwent follow-up cinean-
giography studies to determine the EF. The mean EF, on
average determined 1 month after CABG, increased sig-
nificantly; from 23.8±4.5% to 35.3±8.5% (range, 21% to
52%). For 8 patients the EF remained essentially un-
changed (within 5 EF points of the preoperative value); it
improved significantly in the other 27 patients. The maxi-
mum improvement was 29 EF units. The mean LVEDVI
and LVESVI also improved, but not significantly.

Figure 3 compares preoperative and postoperative
symptom status for heart failure in the study group. The
mean NYHA classification improved from 2.6±0.7 pre-
operatively to 1.1±0.3 postoperatively. Thirty-eight pa-
tients were improved to NYHA class I.

Discussion

Patients with poor LV function caused by coronary ar-
tery disease increasingly have a third treatment option;
myocardial revascularization. Cardiac transplantation is
very effective, but limited by donor availability,6,11) and
medical treatment of such patients is associated with poor
results.5) As many studies have shown, such patients re-
spond better to myocardial revascularization than to medi-
cal treatment alone.5,12,13) Furthermore, with recent ad-
vances in surgical technique and myocardial protection
during revascularization, studies have reported good ini-
tial and mid-term results.1-4) Thus, apart from a heart trans-
plant, CABG for severe LV dysfunction may offer these
patients their only chance for significant improvement.
However, despite recent reports that CABG for poor LV
function showed low hospital mortality,1-4) the rate is still
higher than that of cases with normal LV function.3,14)

Hence, despite the significant advances, CABG in pa-
tients with reduced LV function remains a surgical chal-
lenge.

One means of improving the outcome in low EF cases
is better intraoperative myocardial protection. Some stud-
ies indicate that blood cardioplegia is superior8) and that
retrograde coronary sinus cardioplegia may provide a
more uniform myocardial protection in patients with se-

Table 3.  Intraoperative variables and operative results

Number of grafts
 2
 3
 4
 5
 6
 7
Number of arterial grafts
Operation time (min)
Pump time (min)
Cross-clamp time (min)
Use of LITA
Endarterectomy
On-lay anastomosis
Early patency of grafts
Hospital mortality
Perioperative MI
Postoperative IABP
Stroke
Reoperation for bleeding
Sternal wound infection

 4.6±1.3
  2
  6
11
15
  3
  5
 1.6±0.9 (1-5)
366±86 (205-545)
167±42 (75-277)
120±32 (41-195)
42 (100%)
13 (31%)
20 (48%)
98.8% (LITA: 100%)
  1 (2.4%)
  1 (2.4%)
  2 (excluding preoperative IABP)
  3 (major: 1, minor: 2)
  0
  1 (2.4%)

LITA, left internal thoracic artery; MI, myocardial infarc-
tion; IABP, intra-aortic balloon pumping.
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vere multivessel disease.15) Furthermore, it has recently
been shown that off-pump CABG can be performed safely
even in patients with low EF.16) CABG without cardiac
arrest may be a good method for improving the outcome
of severe LV dysfunction, but it limits the number of dis-
tal anastomoses and its long-term results are still un-
known. That is the reason we selected not to use this meth-
odology. On the other hand, one study showed that com-
plete revascularization in patients with three-vessel dis-
ease appeared to provide the greatest benefit to those with
LV dysfunction.17)

Further, the new understanding that abnormal LV func-
tion may not necessarily represent irreversible myocar-
dial necrosis, but instead severe but reversible myocar-
dial ischemia (“hibernating myocardium”) puts complete
revascularization in a new, favorable light.10,18) It is pos-
sible that in patients with an EF that is on the lower end
of the scale, the beneficial effect of complete

revascularization results from the improvement in myo-
cardial perfusion made possible by evoking latent viable
portions of the myocardium.

We believe that complete CABG obtains its effects by
preserving functional muscle against future infarction and
recruiting hibernating muscle.18) This recruitment leads
to the objective improvement in EF and the amelioration
of congestive heart failure (CHF). The protection against
subsequent ischemic events results in enhanced long-term
survival. Therefore, even though CABG requires a long
cardiac arrest time, we performed CABG for all viable
areas and performed as many distal anastomoses as pos-
sible to improve the surgical outcome of severe LV dys-
function. If standard bypass grafting was impossible be-
cause a coronary artery was diffusely diseased, we per-
formed bypass grafting by using endarterectomy and on-
lay patch anastomosis.19) As a result, the mean number of
grafts per patient was 4.6±1.3 and that of arterial grafts

Fig. 1.  Actuarial survival for study group.

Fig. 2.  Freedom from cardiac events for study
group.
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was 1.6±0.9, and aggressive endarterectomy of the LAD
was performed in 6 cases to obtain or approximate com-
plete revascularization. Our results, obtained in a small
sized institute–0% of 30 days mortality and 2.4% of hos-
pital mortality, and a 5-year estimated survival rate of
83.1%–compare favorably not only with those from re-
cent larger severe LV dysfunction series (1.7% to 24% of
hospital mortality and a 72% to 77% of 5-year survival
rate1-4,7)), but also with those for normal LV function.14) In
addition, the results from these 35 cases demonstrate that
improvement in NYHA classification and postoperative
EF can be achieved with complete revascularization in
most patients with poor LV function. The quality of life
in these patients with low EF is improved, and we be-
lieve that improved postoperative EF is necessary for a
good long-term result.

Some recent studies have reported unfavorable patient
characteristics in patients with CABG for low EF cases,
for example, advanced age, female gender, ventricular
irritability,8,20) and severity of coronary artery disease.
Mickleborough and colleagues1) reported that the outcome
in patients with severe LV dysfunction and whose ves-
sels were poorly visualized was significantly lower than
in those whose vessels were well visualized. Furthermore,
Langenburg and colleagues21) have recommended that
patients with poor LV function and poor visualization of
d i s t a l  vesse l s  a re  no t  good  cand ida tes  fo r
revascularization. From our point of view, however, if
there is viable myocardium, we think that revas-

cularization is needed whether or not there is poor visu-
alization of distal  vessels.  Because complete
revascularization was more effective in low EF cases than
in normal EF cases,17) we aggressively did endarterec-
tomy in 13 patients with poorly visualized distal vessels,
and LAD endarterectomy in 6 of the 13 patients. The re-
sult was low operative mortality in our series.

It should be emphasized that this study was not a ran-
domized study comparing complete versus incomplete
coronary revascularization among surgical patients and
as such is subject to the limitations of any retrospective
analysis. Nonetheless, we have demonstrated that surgi-
cal complete revascularization by multivessel bypass
grafting can be performed safely, with satisfactory hos-
pital mortality and long-term results, for patients with poor
LV function.
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