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A

 

BSTRACT

 

Background

 

Acute myocardial infarction in pa-
tients with diabetes is associated with high mortality.
We studied whether previous revascularization by
coronary-artery bypass grafting (CABG), as compared
with percutaneous transluminal coronary angioplasty
(PTCA), influences the prognosis in such patients.

 

Methods

 

We classified all patients eligible for the
Bypass Angioplasty Revascularization Investigation
who underwent coronary revascularization within
three months after entry into the study according to
whether they had diabetes and whether they had un-
dergone CABG, either initially or after PTCA. The pro-
tective effect of CABG with regard to mortality in the
presence and in the absence of subsequent spontane-
ous Q-wave myocardial infarction was estimated with
the use of Cox regression models.

 

Results

 

Among the 641 patients with diabetes and
the 2962 without diabetes, the cumulative five-year
rates of death were 20 percent and 8 percent, respec-
tively (P<0.001), and the five-year rates of spontane-
ous Q-wave myocardial infarction were 8 percent and
4 percent (P<0.001). CABG greatly reduced the risk of
death after spontaneous Q-wave myocardial infarction
in the patients with diabetes (relative risk, 0.09; 95 per-
cent confidence interval, 0.03 to 0.29). Among patients
with diabetes who had undergone CABG but did not
have spontaneous Q-wave myocardial infarction, the
corresponding relative risk of death was 0.65 (95 per-
cent confidence interval, 0.45 to 0.94). Among the pa-
tients without diabetes, no protective effect of CABG
was evident.

 

Conclusions

 

Among patients with diabetes, previ-
ous coronary bypass surgery, as compared with cor-
onary angioplasty, has a highly favorable influence
on prognosis after acute myocardial infarction and a
smaller beneficial effect among patients who do not
have infarction. These findings should influence the
type of coronary revascularization procedure selected
for patients with diabetes who have multivessel cor-
onary artery disease. (N Engl J Med 2000;342:989-97.)
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N 1996, the Bypass Angioplasty Revasculariza-
tion Investigation (BARI), a randomized trial,
found that an initial strategy of coronary-artery
bypass grafting (CABG), as compared with per-

cutaneous transluminal coronary angioplasty (PTCA),
significantly improved five-year survival among pa-
tients with medically treated diabetes.

 

1,2

 

 This benefit
was not observed in the periprocedural period; rath-
er, it was a sustained, long-term effect, with the risk
of death consistently reduced by about 50 percent
throughout the five years of follow-up. No difference
in survival was observed in this study among the pa-
tients who did not have diabetes. After eight years of
follow-up, the Emory Angioplasty versus Surgery Tri-
al, with a design similar to that of BARI, found a sim-
ilar trend in the subgroup of patients with diabetes.

 

3

 

The purpose of the current investigation was to
elucidate the mechanism leading to different clinical
courses among patients with diabetes according to the
type of revascularization they underwent (i.e., CABG
or PTCA). In this regard, two findings from previous
studies have particular relevance. First, in previous
randomized, controlled trials

 

4,5

 

 CABG was associated
with better outcomes in patients who had myocar-
dial infarction than was medical therapy. Second, it is
widely reported

 

6-11

 

 that the mortality rate after myo-
cardial infarction is considerably higher among pa-
tients with diabetes than among those without diabe-
tes. We evaluated whether there is a protective effect

I
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of previous CABG at the time of myocardial infarc-
tion in patients with diabetes, and if so, the degree to
which this mechanism could explain the observed sur-
vival benefit associated with CABG (as compared with
coronary angioplasty) in such patients in BARI.

 

METHODS

 

Study Design

 

The design of BARI has been described previously.

 

12,13

 

 Briefly,
patients were eligible for the study if they had severely sympto-
matic and angiographically confirmed multivessel coronary artery
disease requiring revascularization and were suitable candidates
for either PTCA or CABG as the initial revascularization procedure.
Of 4107 eligible patients recruited at 18 clinical centers in the Unit-
ed States and Canada, 1829 agreed to undergo random assignment
to either CABG or PTCA; 2010 underwent revascularization on
the basis of a recommendation by their physician, and data on
these patients were entered into a registry; and 268 declined all
follow-up. Both the patients in the randomized group and those
in the registry group were followed according to the protocol. At
the end of an average of 5.5 years of follow-up, vital status was
known for 98 percent of patients.

Annual electrocardiograms were required for all patients who
were followed, and an additional electrocardiogram 4 to 14 weeks
after entry into the study was also required for the patients who
underwent randomization. In addition, electrocardiograms were
obtained in patients in whom myocardial infarction was suspected.
Reading, interpretation, and coding of the electrocardiograms were
conducted by the core electrocardiography laboratory at St. Louis
University.

The analysis reported here is restricted to data on 3603 pa-
tients, from both the randomized trial and the registry, who un-
derwent revascularization by either CABG or PTCA within three
months after entry into the study. Patients were classified as either
having diabetes or not having diabetes, according to whether or
not they were receiving insulin or oral hypoglycemic medication
for the treatment of diabetes at the time of entry into the study.

 

End Points

 

Death from all causes was the primary end point. The diagnosis
of Q-wave myocardial infarction either was established according to
the criteria of Chaitman et al.

 

14

 

 or was based on the classification
of death as determined by an independent mortality and mor-
bidity classification committee. Only myocardial infarctions that
occurred during follow-up were considered. Q-wave myocardial in-
farctions were defined as “spontaneous” if the patient had not un-
dergone a revascularization procedure within the previous seven
days, and as “procedural” otherwise. This report focuses on spon-
taneous Q-wave myocardial infarctions, which were considered “si-
lent” (asymptomatic) if diagnosed by a routine electrocardiogram
obtained as part of the protocol and not accompanied by chest
pain or elevated enzyme levels.

All initial and repeated revascularization procedures (CABG and
PTCA) were documented for each patient over the course of the
entire follow-up period. All patients who underwent CABG, wheth-
er as an initial or a repeated revascularization procedure, were re-
garded as subject to the protective effect of CABG. For analytic
purposes, this status was conferred at the completion of the sur-
gery. Thus, patients who initially underwent PTCA and later had
bypass surgery were regarded as being subject to the protective
effect of CABG only after the CABG procedure.

 

Statistical Analysis

 

We used chi-square tests and Student’s t-test to compare base-
line characteristics and Kaplan–Meier analysis

 

15

 

 to estimate the
cumulative rates of CABG and spontaneous Q-wave myocardial
infarction. For comparisons between the patients who underwent
CABG and those who did not (i.e., those who underwent only

PTCA), the estimates used were based on transient-state life ta-
bles

 

16 

 

to accommodate changes in status with respect to CABG
over time. For patients who did not have a Q-wave myocardial in-
farction, mortality rates were estimated from the time of the initial
revascularization procedure; otherwise, they were estimated from
the time of the Q-wave myocardial infarction. Results regarding
mortality were evaluated with the use of Cox models,

 

17

 

 which in-
cluded CABG and myocardial infarction as time-dependent covari-
ates

 

18

 

 and other base-line variables as fixed covariates. These models
were used to estimate and assess the significance of the relative risks
of death that describe the protective effect of CABG both in the
patients who had spontaneous Q-wave myocardial infarction and in
those who did not and to compare the protective effect of CABG
formally in these two groups by testing for an interaction be-
tween CABG and Q-wave myocardial infarction. Separate estimates
were obtained for patients with diabetes and those without diabetes.

Base-line covariates included in the Cox models were either fac-
tors known to be important predictors of death or factors that
were disproportionately more common among the patients in this
study with diabetes who underwent CABG and had a subsequent
spontaneous Q-wave myocardial infarction. All P values are two-
tailed.

 

RESULTS

 

Table 1 shows the base-line characteristics according
to CABG status at last contact for the 641 patients
with diabetes and the 2962 without diabetes. Among
the patients who underwent CABG, 71 percent had
the surgery as their initial revascularization proce-
dure. As described previously,

 

2

 

 the patients with dia-
betes, regardless of whether they underwent CABG,
were more likely to be female and black and were
more likely to have a history of congestive heart fail-
ure, hypertension, renal dysfunction, and peripher-
al vascular disease than the patients without diabe-
tes. However, a comparison of those who underwent
CABG and those who did not undergo CABG dur-
ing the study revealed some differences: those who
eventually underwent CABG were more likely than
those who did not to have undergone randomization,
to be male (in the case of patients without diabetes),
to have a fair or poor quality of life (a trend among pa-
tients with diabetes), to have unstable angina (a trend
among patients with diabetes), and to present with
more extensive and diffuse coronary artery disease.

Overall, 1512 of the 3603 patients underwent
CABG as their initial revascularization procedure (42
percent), and an additional 442 of the remaining
2091 patients (i.e., those who underwent PTCA first)
underwent CABG sometime during the first year of
follow-up. Thereafter, the rate of crossover to CABG
decreased to an average annual incidence of 2.8 per-
cent. A somewhat larger proportion of the patients
with diabetes than of the patients without diabetes
initially underwent revascularization by CABG (45
percent vs. 41 percent, P=0.08), and among the
patients who initially underwent revascularization by
PTCA, 34 percent of those with diabetes as com-
pared with 29 percent of those without diabetes un-
derwent CABG within five years (relative risk of cross-
over to CABG among patients with diabetes, 1.25;
P=0.04). At five years, 64 percent of the patients
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*The patients underwent either coronary-artery bypass grafting (CABG) or percutaneous transluminal coronary angio-
plasty (PTCA) as their initial revascularization procedure; some patients who initially underwent PTCA had CABG later.
The numbers of patients in each group refer to the numbers at the end of follow-up. With the exception of ejection frac-
tion, percentages are percentages of patients. BARI denotes Bypass Angioplasty Revascularization Investigation, and ECG
electrocardiogram.

†The body-mass index is the weight in kilograms divided by the square of the height in meters.

‡ECGs were assessed by the central ECG laboratory.

§A lesion is considered to be class C if there is excessive vessel tortuosity near the lesion or excessive vessel angulation
at the site of the lesion, if there is total occlusion of the vessel for more than three months or total occlusion for an un-
known period, if there is critical narrowing more than 20 mm in length, or if attempts to dilate the lesion pose a risk to
major side branches.
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VALUE

 

BARI-related data

 

Patient was enrolled in the randomized study (%) 57.2 48.7 0.04 54.8 41.9 <0.001
Patient received CABG as the first treatment (%) 71.0 — 70.8 —

 

Demographic profile

 

Age (yr)
Mean
Median
»65 yr (%)

62.1
63
41.5

62.2
63
42.3

0.89

0.85

61.3
62
39.1

61.2
62
37.8

0.71

0.46
Female sex (%) 44.0 42.7 0.76 20.5 25.3 0.002
White race (%) 86.0 83.8 0.44 93.4 94.3 0.35
Black race (%) 8.4 10.7 0.33 4.7 3.6 0.16
High-school education or less (%) 74.0 72.6 0.72 63.3 62.1 0.51
Sedentary or low activity level (%) 61.3 61.0 0.95 46.0 46.3 0.85
Fair or poor quality of life (%) 42.9 40.7 0.60 26.1 22.0 0.01
Body-mass index†

Mean
Median
Category (%)

<25
25–29.9
»30

29.6
29

16.2
38.1
45.7

30.2
29

15.0
40.2
44.9

0.21

0.84

27.6
27

27.0
47.8
25.2

27.6
27

28.8
47.4
23.7

0.86

0.47

 

Medical history (%)

 

Myocardial infarction 56.7 52.6 0.32 51.9 51.0 0.65
Congestive heart failure 16.7 16.0 0.83 5.1 4.8 0.73
Family member with coronary disease 48.9 42.2 0.11 51.0 49.1 0.31
Smoking 57.2 63.2 0.14 70.2 72.8 0.12
Peripheral vascular disease 13.4 11.2 0.42 6.4 6.3 0.90
Chronic obstructive pulmonary disease 4.1 7.0 0.14 5.7 5.0 0.46
Cancer 4.7 5.6 0.62 5.4 4.8 0.46
Renal dysfunction 4.9 4.3 0.72 1.7 1.3 0.34
Hypertension 64.6 66.7 0.60 45.8 44.2 0.39
Hypertension, with high blood pressure at base line 32.4 37.2 0.22 21.4 18.8 0.09

 

Angina classification (%)

 

0.64 0.003

No angina or ischemia associated with acute myo-
cardial infarction

5.8 4.8 5.3 8.2

Stable angina 26.8 30.0 30.2 31.7
Unstable angina 67.4 65.2 64.5 60.1

 

Results of ECG at rest (%)‡

 

Major Q-wave abnormality 19.9 20.5 0.86 17.7 16.8 0.51
Any abnormality 47.0 46.6 0.91 41.0 41.3 0.89

 

Angiographic assessment (%)

 

Triple-vessel disease 49.3 37.1 0.003 41.2 30.6 <0.001
»4 Clinically significant lesions 45.3 36.6 0.03 35.1 25.5 <0.001
Any diffuse lesion 32.7 28.4 0.27 30.7 24.4 <0.001
Clinically significant disease of the proximal left

anterior descending artery
38.4 29.3 0.02 41.7 35.1 <0.001

Any class C lesion§ 38.1 35.8 0.56 37.2 32.8 0.01
Any total occlusion 30.2 30.6 0.92 32.2 28.0 0.02
Left-sided or mixed dominance 14.6 13.4 0.67 14.6 15.5 0.54
Abnormal left ventricular function 20.4 27.5 0.06 17.8 15.0 0.06
Ejection fraction

Mean percent
Median percent

60.5
61

58.4
59

0.08 61.5
61

61.8
62

0.49
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with diabetes and 58 percent of those without diabe-
tes had undergone CABG (Fig. 1A).

The incidence of a first spontaneous Q-wave my-
ocardial infarction during follow-up was 4.8 percent
at five years, and such infarctions occurred at a con-
stant rate throughout this period. Patients with dia-

betes were 1.9 times as likely as those without diabe-
tes to have a spontaneous Q-wave myocardial infarc-
tion (P<0.001) (Fig. 1B).

The incidence of spontaneous Q-wave myocardial
infarction was nearly identical among the patients
who underwent CABG and those who did not (Fig.

 

Figure 1.

 

 Rate of Coronary-Artery Bypass Grafting (CABG) and Incidence of Spontaneous Q-Wave Myo-
cardial Infarction.
Panel A shows Kaplan–Meier estimates of the cumulative rate of CABG, and Panel B shows the cumula-
tive incidence of spontaneous Q-wave myocardial infarction, both according to diabetes status. Panel C
(facing page) shows transient-state life-table estimates of the cumulative incidence of spontaneous
Q-wave myocardial infarction according to whether patients had undergone CABG at the time of the
myocardial infarction. Patients who did not undergo CABG were treated only with percutaneous trans-
luminal coronary angioplasty (PTCA).
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1C). This was also true when the comparison was re-
stricted to the patients with diabetes (data not shown).
One hundred seventy-six patients had a total of 186
spontaneous Q-wave myocardial infarctions, 94 of
which occurred in those who had undergone CABG
(in 73 cases the procedure had been performed less
than three years earlier, and in 46 cases less than one
year earlier). Among the spontaneous Q-wave myo-
cardial infarctions, 86 (46 percent) were silent.

Mortality at five years was 8 percent for the 2962
patients without diabetes and 20 percent for the 641
patients with diabetes (P<0.001). The correspond-
ing rates for the patients who underwent CABG were
7 percent and 18 percent, respectively; they were
8 and 25 percent for those who did not undergo
CABG (Fig. 2A). The mortality rate for the 3263 pa-
tients who did not have a Q-wave myocardial infarc-
tion (91 percent of the total) was slightly lower than
the overall rate (Fig. 2B). The estimated five-year mor-
tality rate after spontaneous Q-wave myocardial infarc-
tion (Fig. 2C) varied little according to CABG status
among the patients without diabetes (27 percent for
those who underwent CABG and 30 percent for those
who did not); however, the protection conferred by
CABG was dramatic among the patients with diabe-
tes: mortality was 17 percent among the patients who
had a spontaneous Q-wave myocardial infarction and
had undergone CABG, as compared with 80 percent
among those who had a spontaneous Q-wave myo-
cardial infarction but had not undergone CABG. For
the patients with a spontaneous Q-wave myocardial
infarction, the 17 percent mortality rate among those
with diabetes who underwent CABG was not signif-
icantly different from the rates among those without
diabetes.

To quantify the protection conferred by CABG in
patients with spontaneous Q-wave myocardial infarc-
tion, as compared with the more moderate protec-
tion seen in patients who did not have spontaneous
Q-wave myocardial infarction, we estimated the ef-
fect of CABG in terms of relative risks of death (Ta-
ble 2) by means of a Cox regression model. These
relative risks were used to compare mortality between
specific groups of patients who underwent CABG and
similar groups who did not. Adjustments were made
for age (>65 years vs. «65 years), history with re-
spect to congestive heart failure, history with respect
to renal dysfunction, BARI study group (randomized
group vs. registry group), and the presence or ab-
sence of significant disease of the proximal left ante-
rior descending artery, all at base line.

Among the patients with diabetes, CABG conferred
a considerable degree of protection in those with a
spontaneous Q-wave myocardial infarction (relative
risk of death, 0.09; P<0.001) and a moderate degree
of protection in those without a spontaneous Q-wave
myocardial infarction (relative risk, 0.65; P=0.02)
(Table 2). Thus, among the patients with diabetes,
the protective role of CABG was approximately sev-
en times as great after spontaneous Q-wave myocardi-
al infarction as in the absence of spontaneous Q-wave
myocardial infarction.

Among the patients without diabetes, the estimat-
ed protective effect of CABG was smaller and was not
significant (Table 2). Moreover, the reduction in mor-
tality among the patients with diabetes who had a
spontaneous Q-wave myocardial infarction, as com-
pared with those who did not, was significantly dif-
ferent from the corresponding reduction among the
patients without diabetes (P=0.04) (Table 2).
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Similar interactions were found when at least one
internal-thoracic-artery graft was used, which occurred
in 81 percent of the bypass procedures (single graft
in 70 percent plus double graft in 11 percent). The
protective effect of CABG involving this type of graft
was consistently stronger than that of all types of
CABG combined (i.e., the relative risk of death was
lower), both among the patients with diabetes (rel-
ative risk of death after a spontaneous Q-wave myo-
cardial infarction, 0.07; relative risk of death in the
absence of a spontaneous Q-wave myocardial infarc-
tion, 0.54) and among those without diabetes (rel-
ative risk of death after a spontaneous Q-wave myo-
cardial infarction, 0.49; relative risk of death in the
absence of a spontaneous Q-wave myocardial infarc-
tion, 0.90). The long-term benefit associated with the
use of internal-thoracic-artery grafts was not coun-
teracted by higher rates of short-term complications,
such as sternal-wound infections (data not shown).
The relative survival advantage conferred by CABG

among the patients with diabetes was very similar re-
gardless of whether the spontaneous Q-wave myocar-
dial infarction was silent or symptomatic.

 

DISCUSSION

 

Our analysis identified two major ways in which
CABG protected patients with diabetes. First, there

 

Figure 2.

 

 Mortality after the Initial Revascularization Procedure.
Panel A shows transient-state life-table estimates of the cumu-
lative mortality in all patients, and Panel B shows the cumula-
tive mortality in patients without Q-wave myocardial infarction,
both according to diabetes status and with respect to coronary-
artery bypass grafting (CABG) at the time of death. Panel C
shows Kaplan–Meier estimates of the cumulative mortality in
patients with spontaneous Q-wave myocardial infarction ac-
cording to diabetes status and CABG status (the numbers in
parentheses refer to the 186 spontaneous Q-wave myocardial
infarctions that occurred in 176 patients). Patients who did not
undergo CABG were treated only with percutaneous translumi-
nal coronary angioplasty.
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was a strong protective effect of CABG with respect
to survival for the relatively few patients with diabetes
who had a spontaneous Q-wave myocardial infarction
during follow-up. Second, CABG moderately reduced
mortality among the majority of patients with diabe-
tes who remained free of myocardial infarction during
follow-up. Thus, the type of revascularization (CABG)
and the presence of spontaneous Q-wave myocardial
infarction interacted with one another in a manner
that resulted in greater protection in patients with di-
abetes. Among the patients without diabetes the pro-
tective effect of CABG was substantially less (and was
not significant), regardless of whether the patients had
a myocardial infarction. In this study, we limited the
definition of what constituted clinically diagnosed in-
farction to infarctions characterized by major Q waves,
events that have previously been shown to be asso-
ciated with particularly poor prognosis in patients
with diabetes.19

In contrast to its protective effect with respect to
survival, the type of revascularization had no influence
on the incidence of Q-wave myocardial infarction dur-
ing follow-up. This is similar to the results of earlier
comparisons of CABG and medical treatment.4,20

The use of single or double internal-thoracic-artery
grafts enhanced the protective effects of CABG with-
out increasing the incidence of sternal-wound infec-
tions, an adverse effect others have reported.21 Since
internal-thoracic-artery grafts are more likely to remain
patent than venous grafts,22 the increased protection
conferred by internal-thoracic-artery grafts provides
indirect evidence that the efficacy of CABG is due to
improved perfusion supplied by the graft, which mit-
igates the potentially fatal effect of ischemia due to
obstructed or reduced blood flow in patients with

diabetes. Also, this improved patency is particularly
characteristic of the first few years after CABG, pre-
cisely the period during which most of the sponta-
neous myocardial infarctions in this study occurred.

The unequal protection afforded by the two types
of coronary revascularization among the patients with
diabetes, particularly during an acute ischemic epi-
sode, may be due in part to the different degree of
myocardial jeopardy (defined as the proportion of the
myocardium jeopardized by stenosis of 50 percent
or more) after PTCA as compared with CABG. In the
subgroup of 270 patients who were randomly as-
signed to treatment and who underwent angiography
one year after initial revascularization,23 the amount
of jeopardized myocardium decreased substantially in
both treatment groups; however, the patients who
underwent PTCA had considerably more jeopardized
myocardium at one year than the patients who un-
derwent CABG (mean degree of myocardial jeopar-
dy at base line and one year: 59.4 percent and 25.5
percent, respectively, for the patients who underwent
PTCA, and 60.8 percent and 14.1 percent for the
patients who underwent CABG).

Since patients with diabetes typically have more ex-
tensive and progressive disease than patients without
diabetes, including disease in distal vessels, focal dila-
tion with PTCA leaves a greater proportion of the my-
ocardium ischemic than does CABG. Indeed, among
the subgroup of randomized patients in our study,
the difference in the proportion of jeopardized my-
ocardium at one year between the patients with di-
abetes who underwent CABG and those who did not
was larger than that between the patients without di-
abetes who underwent CABG and those who did not
(P=0.04). Other studies have shown that coronary

*Adjustments were made for the following base-line factors: age >65 years, history of renal dysfunction, history of congestive heart failure,
Bypass Angioplasty Revascularization Investigation study group (randomized group vs. registry group), and presence of clinically significant
proximal disease of the left anterior descending artery. CABG denotes coronary-artery bypass grafting, and CI confidence interval.

†The patients underwent either CABG or percutaneous transluminal coronary angioplasty (PTCA) as their initial revascularization proce-
dure; some patients who initially underwent PTCA had CABG later.

TABLE 2. PROTECTIVE EFFECT OF CABG, AS DETERMINED BY ADJUSTED RELATIVE RISKS OF DEATH.*

GROUP

RELATIVE RISK (95% CI)
WITH CABG†

P
VALUE

RATIO OF THE

RELATIVE RISKS

(95% CI)
P

VALUE

RATIO OF THE

RELATIVE RISKS

(95% CI)
P

VALUE

Diabetes
Patients with spontaneous Q-wave

myocardial infarction
Patients without spontaneous Q-wave

myocardial infarction

0.09 (0.03–0.29)

0.65 (0.45–0.94)

<0.001

0.02












0.14 (0.04–0.48) 0.002













0.21 (0.05–0.89) 0.04No diabetes
Patients with spontaneous Q-wave

myocardial infarction
Patients without spontaneous Q-wave

myocardial infarction

0.67 (0.34–1.34)

1.04 (0.80–1.35)

0.26

0.77
0.65 (0.32–1.32) 0.23

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission. 



996 · Apr i l  6,  2000

The New England Journal  of  Medicine

collaterals are also less likely to form in patients with
diabetes than in patients without diabetes.24

Although a higher degree of myocardial jeopardy
and reduced collateral formation would not affect the
incidence of plaque rupture leading to the occurrence
of coronary occlusion, they would affect the magni-
tude of ischemia after occlusion and hence contrib-
ute to the increased mortality rate among the patients
with diabetes who did not undergo CABG, as com-
pared with those who did, in our study. We cannot
speculate about whether PTCA offers more protection
than no revascularization in the event of spontane-
ous myocardial infarction but, rather, simply observe
that PTCA offers less protection than does bypass
surgery in patients with diabetes.

With the introduction of lytic and platelet-based
therapy, outcomes in general after myocardial infarc-
tion have greatly improved in both patients with dia-
betes and those without.25 However, since myocardial
infarctions in our study were identified from routine
electrocardiograms obtained at the time of clinical
presentation or from death records, not all patients
had the opportunity to be treated with these thera-
pies. Specific data on the use of such treatments were
not collected.

In the Diabetes and Insulin–Glucose Infusion in
Acute Myocardial Infarction study, an infusion of in-
sulin and glucose, followed by daily subcutaneous
treatment with insulin, resulted in a 52 percent reduc-
tion in mortality within one year after myocardial
infarction among patients with diabetes.26,27 This ben-
eficial effect was attributed to improved metabolic
control in the presence of an extreme increase in the
level of catecholamines in blood and ischemic myo-
cardium that is associated with sudden ischemic ep-
isodes. In the absence of insulin, such a rise stimulates
rapid turnover of free fatty acids.

Although spontaneous Q-wave myocardial infarc-
tions were more frequent in our study among the pa-
tients with diabetes than in those without diabetes,
such infarctions were relatively rare. Thus, the protec-
tive effect of CABG for a patient with a myocardial
infarction explained only about 50 percent of the over-
all reduction in mortality attributable to the proce-
dure. The remaining benefit of CABG among the pa-
tients with diabetes was demonstrated by a constant
reduction in mortality throughout follow-up, perhaps
a result of the reduction in the degree of chronic
ischemia.

Our report lacks information about factors specific
to diabetes. We know very little about the duration
and the severity of diabetes in the patients in this
study, and we do not know how well the disease was
controlled and with what measures. The glycometa-
bolic state at the time of infarction is an important
predictor of long-term outcome in patients with dia-
betes who have had an acute myocardial infarction.28

Future studies of ischemic heart disease in patients

with diabetes should collect additional data that would
allow assessment of pathophysiologic abnormalities
and the methods by which they are corrected.
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CORRECTION

The Effect of Previous Coronary-Artery Bypass
Surgery on the Prognosis of Patients with Diabetes
Who Have Acute Myocardial Infarction

The Effect of Previous Coronary-Artery Bypass Surgery on the Prog-

nosis of Patients with Diabetes Who Have Acute Myocardial Infarction

. On page 993, the sentence that begins on line 12 of the left-hand col-

umn should have read, `̀ The corresponding rates for the patients who

underwent CABG were 8 percent and 18 percent, respectively; they

were 7 and 25 percent for those who did not undergo CABG (Figure

2A),´́ not `̀ The corresponding rates for the patients who underwent

CABG were 7 percent and 18 percent, respectively; they were 8 and

25 percent for those who did not undergo CABG (Figure 2A),´́ as

printed.
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