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ABSTRACT

Background Obstructive changes often occur in
aortocoronary saphenous-vein bypass grafts because
of atherosclerosis and thrombosis. We studied wheth-
er aggressive lowering of low-density lipoprotein (LDL)
cholesterol levels or low-dose anticoagulation would
delay the progression of atherosclerosis in grafts.

Methods We studied 1351 patients who had un-
dergone bypass surgery 1 to 11 years before base
line and who had an LDL cholesterol level between
130 and 175 mg per deciliter and at least one patent
vein graft as seen on angiography. We used a two-
by-two factorial design to assign patients to aggres-
sive or moderate treatment to lower LDL cholesterol
levels (with lovastatin and, if needed, cholestyra-
mine) and to treatment with warfarin or placebo. An-
giography was repeated an average of 4.3 years after
base line. The primary angiographic outcome was
the mean percentage per patient of grafts with a de-
crease of 0.6 mm or more in lumen diameter.

Results As measured annually during the study
period, the mean LDL cholesterol level of patients
who received aggressive treatment ranged from 93 to
97 mg per deciliter; with moderate treatment, the
range was from 132 to 136 mg per deciliter (P<0.001).
The mean international normalized ratio was 1.4 in
the warfarin group and 1.1 in the placebo group
(P<0.001). The mean percentage of grafts with pro-
gression of atherosclerosis was 27 percent for pa-
tients whose LDL cholesterol level was lowered with
aggressive treatment and 39 percent for those who
received moderate treatment (P<<0.001). There was
no significant difference in angiographic outcome be-
tween the warfarin and placebo groups. The rate of
revascularization over four years was 29 percent low-
er in the group whose LDL cholesterol level was low-
ered aggressively than in the group receiving moder-
ate treatment (6.5 percent vs. 9.2 percent, P=0.03).

Conclusions Aggressive lowering of LDL choles-
terol levels to below 100 mg per deciliter reduced the
progression of atherosclerosis in grafts. Low-dose
warfarin did not reduce the progression of athero-
sclerosis. (N Engl J Med 1997;336:153-62.)
©1997, Massachusetts Medical Society.

THEROSCLEROSIS frequently develops

in saphenous-vein coronary bypass grafts,

leading to occlusion rates of 30 to 40 per-

cent 10 to 12 years after surgery.12 This is
especially common in patients with hyperlipide-
mia.?¢ The efficacy of lipid-lowering treatment in
delaying the progression of atherosclerosis in native
coronary arteries has been documented with coro-
nary arteriography,”16 but few data are available from
studies of vein grafts.l”

Thrombosis also contributes to the obstruction of
vein grafts.+!8 Studies of the prevention of emboli af-
ter heart-valve replacement and of venous thrombo-
sis after major surgery have suggested that low-dose
anticoagulation may be safer than full-dose antico-
agulation and equally effective.’%20 It has therefore
been hypothesized that low-dose anticoagulation
can reduce the likelihood of graft obstruction.

We used a two-by-two factorial design to test two
hypotheses: aggressive lowering of the low-density
lipoprotein (LDL) cholesterol level, with a goal of
60 to 85 mg per deciliter (1.6 to 2.2 mmol per li-
ter), is more effective than moderate lowering, with
a goal of 130 to 140 mg per deciliter (3.4 to 3.6
mmol per liter), in delaying the progression of ath-
erosclerosis in grafts; and low-dose anticoagulation
(to maintain an international normalized ratio below
2) is effective, as compared with placebo, in reduc-
ing obstruction of bypass grafts. Goals for serum lip-
id levels were based on data that suggest there is a
progressive increase, without a clear threshold, in
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the risk of illness and death from cardiovascular
causes as the serum LDL cholesterol level rises from
60 mg per deciliter to 200 mg per deciliter (from
1.6 mmol per liter to 5.2 mmol per liter)?-22 and on
the initial recommendations of the National Choles-
terol Education Program.23

METHODS
Study Design

There were seven clinical centers, a coordinating center, an an-
giogram-reading center, an apolipoprotein core laboratory, and a
hematology core laboratory. The data and safety monitoring
board and the institutional review boards of the individual centers
approved the protocol, and the patients gave written, informed
consent. Enrolled patients were seen by study staff every 6 weeks
for 15 months and every 3 months thereafter.

Selection of Patients

Patients were identified who were 21 to 74 years of age, had
LDL cholesterol levels of no more than 200 mg per deciliter, and
had had at least two saphenous-vein coronary bypass grafts placed
1 to 11 years before the start of the study. Of these patients, we
deemed eligible those who had LDL cholesterol levels of 130 to
175 mg per deciliter (4.5 mmol per liter) and triglyceride levels
below 300 mg per deciliter (3.4 mmol per liter), as measured at
any visit to a study physician after the initiation of a Step 1 diet?3;
two patent saphenous-vein grafts (with stenosis of less than 75
percent) in men (one in women); and an ejection fraction of no
less than 30 percent. Major exclusion criteria included a likeli-
hood of revascularization or death in five years, unstable angina
or myocardial infarction within six months before the start of the
trial, severe angina, heart failure, and contraindications to treat-
ment with any of the study medications. Eligible patients were
randomly assigned by the coordinating center to receive either
aggressive or moderate treatment to lower the LDL cholesterol
level and to receive either warfarin or placebo.

Treatment
Lowering of Lipid Levels

In the aggressive-treatment group, lovastatin was initially given
in doses of 40 mg per day, as compared with 2.5 mg per day in the
moderate-treatment group. Lipid levels were measured in clinical-
center laboratories certified by the Centers for Disease Control and
Prevention; results were transmitted to the coordinating center by
staff members who did not have responsibility for patient care. The
staff of the coordinating center issued recommendations to double
the lovastatin doses, if deemed necessary, in order to reach a target
LDL cholesterol level of less than 85 mg per deciliter in the aggres-
sive-treatment group and a target of less than 140 mg per deciliter
in the moderate-treatment group. If a patient’s LDL cholesterol
level fell below 60 mg per deciliter in the aggressive-treatment
group or 130 mg per deciliter in the moderate-treatment group,
the lovastatin dose was reduced. Cholestyramine, in a dose of 8 g
per day, was added to the regimen if a patient’s LDL cholesterol
level at two consecutive visits remained above 95 mg per deciliter
(2.5 mmol per liter) in the aggressive-treatment group or at or
above 160 mg per deciliter (4.1 mmol per liter) in the moderate-
treatment group. Patients given cholestyramine continued to re-
ceive 80 mg of lovastatin per day in the aggressive-treatment group
and 5 mg per day in the moderate-treatment group (that is, double
the initial dosage).

Anticoagulation

The dose of warfarin or placebo was 1 mg at entry. After the
dosage of lipid-lowering medications given to a patient was sta-
bilized, the patient was instructed to increase the daily dose of
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warfarin (or placebo) by 1 mg, starting two weeks before the
next scheduled study visit. This 1-mg increase occurred for each
of three consecutive visits (up to a total dose of 4 mg per day)
unless the patient’s international normalized ratio was 2.0 or
higher. Biotrack machines (Boehringer Mannheim, Fremont,
Calif.), which provided clinical-center staft with coded readings,
beeped if an international normalized ratio was 2.0 or higher. If
the machine beeped, the patient’s daily dose of warfarin or place-
bo was reduced by 1 mg. If a review by the coordinating center
indicated that the international normalized ratio of a patient re-
ceiving warfarin was 1.8 or more, but less than 2.0, notice was
sent to the physician to keep the medication at the last dosage
given before the international normalized ratio was determined.
Similar notices were also sent out for a random sample of patients
given placebo. All patients in the study were encouraged to take
81 mg of aspirin per day.

Angiographic Methods

Base-line angiograms and follow-up angiograms (performed
four to five years after enrollment) were obtained with catheter-
ization techniques that permitted computer-assisted quantitative
measurement (CAAS System, PIE Medical, Maastricht, the Neth-
erlands).2¢ Nitroglycerin was given to all patients, with the same
route of administration, during both base-line and follow-up
studies. All grafts were visualized in at least two orthogonal pro-
jections. If the graft could not be injected, aortic-root injection
was performed. At follow-up, the same views and film sequences
were repeated.

After the initial qualitative evaluation by the angiogram-read-
ing center, the single pair of matched end-diastolic frames were
selected from the base-line and follow-up angiograms in which
any graft lesions were best seen. Quantitative assessments of the
angiograms were then performed by personnel blinded to other
patient information. The following information was obtained: the
mean and minimal diameter of each graft, the minimal diameter
and percentage of stenosis at the site of any lesion, and the diam-
eter of the lumen at the lesion site showing the greatest change
(progression or regression) from base line. In 40 study patients,
the standard deviation of repeated measurements of the diameter
of the graft at the site of the lesion after injections of contrast ma-
terial separated by 20 minutes was 0.2 mm. A substantial change
was defined as a change of 0.6 mm or more (3 SD). Similar meas-
urements of variation (SD =0.2 mm) have been found for repeat-
ed readings of both native coronary arteries?s and grafts.26.27 Un-
scheduled interim angiography, performed because patients had
symptoms, often did not permit accurate computer-assisted quan-
titative measurement, but did allow for a less precise qualitative
classification of lesions into prespecified categories, according to
the degree of stenosis (0, 1 to 24, 25 to 49, 50 to 74, 75 to 89,
and 90 to 100 percent). A substantial change was defined as a
change of two categories for lesions with stenosis of less than 50
percent at base line, and a change of one category for lesions with
stenosis of 50 percent or more.

Angiographic Changes

The primary end point of the study was the per-patient per-
centage of initially patent major grafts that had substantial pro-
gression of atherosclerosis (a decrease of 0.6 mm or more in lu-
men diameter) at the site of greatest change at follow-up.28 Our
definition of substantial changes included new lesions in grafts
with no preexisting lesion of more than 15 percent stenosis, the
progression of one or more lesions present at base line, and new
occlusions. Major grafts, for study purposes, included single
grafts, the initial segment (from the aortic anastomosis to first in-
sertion site) of continuation grafts, and the graft stem and one
limb (selected randomly) of inverted-Y grafts. Predefined second-
ary angiographic outcomes?® were also assessed.

Interim angiograms were used to ascertain the status of grafts
if the follow-up angiography called for in the study protocol was
not performed. If death occurred before follow-up angiography
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could be performed, all grafts were considered to be occluded.
Surviving patients who did not have follow-up or interim angio-
grams and who did not undergo repeated bypass surgery or an-
gioplasty were excluded from the primary analyses. One second-
ary analysis included only the patients who had interim or
follow-up angiograms. An additional secondary analysis included
all patients, with an assumption that all grafts were occluded in
patients who had died and that surviving patients without fol-
low-up or interim angiograms who were assigned to aggressive
treatment to lower lipid levels had the same percentage of major
grafts with substantial progression of disease as was actually ob-
served in patients assigned to moderate treatment (and, con-
versely, that surviving patients without observed outcomes who
were assigned to moderate treatment had the same pattern of
outcomes actually observed in the aggressive-treatment group).

Clinical Outcomes

A composite clinical outcome, defined before the trial, includ-
ed death from cardiovascular or unknown causes, nonfatal myo-
cardial infarction, stroke, bypass surgery, or angioplasty. We also
assessed these events individually.

Statistical Analysis

We used the modified-ratio-estimate statistic to compare the
mean per-patient percentage of grafts with the primary angio-
graphic end point (a decrease of 0.6 mm or more in lumen diam-
cter), as well as with other angiographic outcomes, in the treat-
ment groups.?? The modified ratio estimate is a weighted average
of the percentage per patient of grafts with a specified angio-
graphic outcome in each stratum (strata are defined by the num-
ber of vein grafts per patient) that takes into account the differ-
ences among strata in the number of patients in the stratum, the
percentage per patient of grafts with the outcome under study,
and the degree to which the outcome in one graft correlates with
the outcome in other grafts in the same patient. The modified-
ratio-estimate statistic is calculated as the weighted average of the
differences between the treatment groups in each stratum divided
by the variance of those differences. This analytic procedure uses
all the information available for each patient, adjusting for the
number of grafts per patient (one to five) and the correlation of
outcomes among the grafts in each patient.

The study’s recruitment goal of 1200 patients was based on an
estimated 33 percent rate of substantial progression of disease
(the estimated rates were 7 percent for the combined outcome of
reoperation, myocardial infarction, or death; 13 percent for oc-
clusion; and 13 percent for substantial nonocclusive progression)
in the patients in the moderate-treatment group (or, for antico-
agulation, in the placebo group). Under these assumptions, the
study’s power to detect a 35 percent reduction in the progression
of disease associated with either aggressive lipid-lowering therapy
or with warfarin was 85 percent. The design had a 97 percent
power of detecting a difference in the modified ratio estimates for
the rate of substantial progression of 20 percent in one treatment
group versus 14 percent in the other, with an assumption of a
correlation of 0.21 among the outcomes in the grafts within a
single patient.?

Comparisons between treatment groups with respect to the
primary end point were made with a two-sided alpha of 0.05; all
other comparisons were made at an alpha level of 0.01. A test for
the homogeneity of the effects of lipid-lowering treatment in the
warfarin and placebo groups was performed for each angiograph-
ic end point.?? The results were pooled to provide single compar-
isons of treatment effects, since no interactions between the two
factors of treatment were detected.

Cumulative event rates for specified clinical outcomes were es-
timated with the Kaplan—Meier method.30 Likelihood ratios were
calculated in a Cox model, in which the type of treatment to low-
er the LDL cholesterol level, therapy with warfarin or placebo,
and the interaction of treatments were the independent vari-
ables.31:32 If interactions were not found, a Cox model in which

the type of treatment to lower the LDL cholesterol level and ther-
apy with warfarin or placebo were the independent variables was
devised and likelihood ratios were calculated to assess each treat-
ment effect. Comparisons of categorical variables and continuous
variables were performed with chi-square tests and t-tests, respec-
tively.

Regardless of treatments actually received, in all analyses data
were grouped according to the treatment groups to which pa-
tients were randomly assigned (intention-to-treat analysis). The
study’s data and safety monitoring board reviewed reports of clin-
ical outcomes according to study group to monitor the efficacy
and safety of treatment but did not consider early termination of
the study on the basis of reviews of the angiographic data.

RESULTS
Base-Line Characteristics

Between March 1989 and August 1991, 2302 pa-
tients were screened and 1351 enrolled in the study.
The majority were male (92 percent) and white (94
percent); the mean age was 61.5 years. There were
no significant differences among the study groups in
the distributions of the more than 40 base-line char-
acteristics that were recorded (Table 1). There was
also no evidence of significant differences among the
four groups with respect to angiographic character-
istics at base line (Table 2).

Completeness of Follow-up

During follow-up (mean duration, 4.3 years)
5 percent of the subjects (64 patients) died, 78 per-
cent had scheduled angiography (as part of the
study), and 10 percent had angiography because of
symptoms. Clinical follow-up was complete for 98
percent of the patients; vital status at the end of fol-
low-up was known for all but three patients.

Effects of Lipid-Lowering Therapy

At the first annual visit after enrollment (which
took place after the dose-adjustment period for most
patients), patients assigned to the aggressive-treatment
group were taking a mean (+SD) of 76+12.6 mg of
lovastatin per day; 30 percent of this group were also
given 8 g of cholestyramine per day. Patients as-
signed to the moderate-treatment group were given
a mean of 4*+1.25 mg of lovastatin per day; 5 per-
cent were also given 8 g of cholestyramine per day.
The prescribed doses of lovastatin and cholestyr-
amine remained constant after this visit for most pa-
tients.

At the first annual visit, the mean LDL cholesterol
level was 93 mg per deciliter (2.4 mmol per liter) for
patients assigned to aggressive treatment and 136 mg
per deciliter (3.5 mmol per liter) for patients as-
signed to moderate treatment (Fig. 1). In the ag-
gressive-treatment group, 66 percent of patients had
an LDL cholesterol level below 100 mg per deciliter
(2.6 mmol per liter) and 6 percent had a level of
130 mg per deciliter or higher; in the moderate-
treatment group 5 percent had a level below 100 mg
per deciliter and 58 percent had a level of 130 mg
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TABLE 1. BASE-LINE CHARACTERISTICS ACCORDING TO STUDY GROUP.*

CHARACTERISTIC AGGRESSIVE TREATMENT MODERATE TREATMENT
WARFARIN PLACEBO WARFARIN PLACEBO
(N=337)  (N=339) (N=337)  (nN=338)
Age (yr) 61.7x0.41 61.7x0.38 61.2+0.39 61.5*+0.41
Male sex (%) 92 91 94 92
White race (%) 94 95 94 95
Family history of coronary heart disease (%) 68 73 73 68
History of myocardial infarction (%) 48 51 47 51
Current smoking (%) 12 12 8 13
ST-segment depression =2.0 mm in at least 9 11 9 10
one lead on exercise testing (%)t
=5 yr since most recent bypass surgery (%) 52 59 55 55
Current medications (%)
Aspirin 78 78 76 72
Aspirin-containing medications 5 3 3 4
Anticoagulantt 6 5 4 4
Beta-blocker 24 26 23 24
Calcium-channel blocker 27 27 20 20
Insulin or oral antidiabetic agent 10 9 8 8
Thiazide diuretic 10 11 10 11
Blood pressure (mm Hg)
Systolic 135.3£1.01 134.1+£0.93 132.8%0.92 134.9%0.97
Diastolic 794+048 794*049 80.0+049 80.3+0.49
Ejection fraction (%)t} 56.5+0.65 56.4+0.67 57.720.66 56.5%£0.65
Lipid levels before enrollment (mg/dl)§
Total cholesterol 224.6+1.29 227.5+x1.45 229.3*1.37 225.7*1.45
LDL cholesterol 154.6+1.09 156.1*x1.13 156.8+1.10 154.4*+1.09
HDL cholesterol 389+0.52 39.3x0.49 40.0+0.54 38.8%0.55
Triglycerides 155.9%3.57 160.1%£3.60 162.6=3.98 160.9%3.98

*Plus—minus values are means +SE. HDL denotes high-density lipoprotein.

tData were not available for all patients.

fThree patients had ejection fractions below 30 percent when assessed by the angiogram-reading
center, although local readings were 30 percent or more.

§The values listed are those measured most recently before enrollment. To convert cholesterol val-
ues to millimoles per liter, multiply by 0.02586; to convert triglyceride values to millimoles per liter,

multiply by 0.01129.

per deciliter or higher. The mean difference in the
LDL cholesterol level between the two groups, as
measured at subsequent annual visits, ranged from
38 to 43 mg per deciliter (1.0 to 1.1 mmol per liter)
(Fig. 1). The mean percentage decrease between base
line and the measurements made at annual visits
during follow-up ranged from 37 to 40 percent for
the aggressive-treatment group and 13 to 15 percent
for the moderate-treatment group. Patients’ assign-
ments to warfarin therapy or to placebo appeared to
have no significant effect on their LDL cholesterol
level in either the aggressive-treatment group or the
moderate-treatment group.

Lovastatin was discontinued because of suspected
adverse effects in 3 percent of the patients in the ag-
gressive-treatment group and 2 percent of those in
the moderate-treatment group. Thirty-seven patients
(5 percent) assigned to aggressive treatment and 33
(5 percent) assigned to moderate treatment reported
adverse effects that resulted in reductions in dose.

156 January 16, 1997

Elevated aminotransferase levels (more than twice
the upper limit of the normal range) were observed
in 3 percent of the patients in the aggressive-treat-
ment group and 2.5 percent of those in the moder-
ate-treatment group. There were five patients (0.4
percent), four of whom were in the aggressive-treat-
ment group, with elevated creatine kinase levels
(more than three times the upper limit of the nor-
mal range); no patients had rhabdomyolysis. Choles-
tyramine was usually discontinued because of a pa-
tient’s refusal of the drug. The patients’ adherence
to prescribed treatment with lovastatin was excel-
lent; 85 to 90 percent took the medication as pre-
scribed. The rate of compliance for treatment with
cholestyramine was lower (65 percent).

Effects of Warfarin and Placebo

Among the patients assigned to receive warfarin,
the mean international normalized ratio was 1.8 to
2.0 in 8 percent and 1.5 to 1.7 in 30 percent at the

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.

Copyright © 1997 Massachusetts Medical Society. All rights reserved.



LDL LOWERING AND LOW-DOSE ANTICOAGULATION IN PATIENTS WITH SAPHENOUS-VEIN GRAFTS

TABLE 2. ANGIOGRAPHIC CHARACTERISTICS AT BASE LINE, ACCORDING TO
STtuDpY GROUP.*

ALL PATIENTS P
CHARACTERISTIC AGGRESSIVE TREATMENT MODERATE TREATMENT (N=1350)t VALUE*
WARFARIN  PLACEBO WARFARIN  PLACEBO
(N=337)  (N=339) (N=337) (N=337)t
No. of patent major 0.14
grafts (%)
1 16 20 21 18 19
2 49 53 53 55 52
3 33 25 23 24 26
=4 3 2 3 4 3
Mean no. of grafts 2.2 2.1 2.1 2.1 2.1
No. of gratts with =15% 0.15
stenosis at lesion (%)
0 48 43 42 45 44
1 30 41 36 34 35
2 19 13 18 17 17
=3 4 3 4 5 4
Mean percent stenosis 19.2 19.7 21.0 19.7 19.9

*Only the results of quantitative or qualitative assessments are included.

1One patient who was not eligible because there was =75 percent stenosis in all grafts is not in-
cluded.

1P values are from chi-square tests of the distribution of characteristics in the four study groups.
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Figure 1. Mean Lipid Levels According to Study Group.

To convert cholesterol values to millimoles per liter, multiply by 0.02586. To convert triglyceride values to millimoles per liter, mul-
tiply by 0.01129.
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TABLE 3. ANGIOGRAPHIC OUTCOMES ACCORDING TO STUDY GROUP.

OuTcomE AGGRESSIVE TREATMENT ~ IMIODERATE TREATMENT P VALUE WARFARIN PLAceBO P VaLue
MEAN % MEAN % MEAN % MEAN %
NO. OF  OF GRAFTS/ NO. OF  OF GRAFTS/ NO. OF  OF GRAFTS/  NO. OF  OF GRAFTS/
PATIENTS ~ PATIENT* PATIENTS ~ PATIENT* PATIENTS ~ PATIENT*  PATIENTS  PATIENT*
Primary end point (substantial
progression of discase)
Angiographic data plus deaths} 628 27 628 39 <0.001 630 34 626 32 0.48
Angiographic data only 599 24 593 35 602 31 590 28
Secondary end points
Occlusion
Angiographic data plus 628 10 628 16 0.001 630 13 626 13 0.88
deathst
Angiographic data only 599 6 593 11 602 9 590 7
New lesionst 282 10 266 21 <0.001 277 16 271 14 0.56
Substantial improvement} 317 5 327 4 0.64 325 3 319 6 0.03
NO. % NO. % NO. % NO. %
Grafts with substantial progression 1295 24 1238 35 <0.001 1298 31 1235 28 0.12
Grafts with occlusion 1295 6 1238 11 <0.001 1298 9 1235 7 0.08
Grafts with new lesions} 565 10 492 21 <0.001 540 16 517 15 0.70
Grafts with substantial improve- 450 5 474 4 0.52 475 3 449 6 0.02
ment}
NO. OF % OF NO. OF % OF NO. OF % OF NO. OF % OF
PATIENTS PATIENTS PATIENTS PATIENTS PATIENTS PATIENTS PATIENTS ~ PATIENTS
=1 Graft with substantial 599 39 593 51 <0.001 602 48 590 42 0.04
progression
=1 Graft with occlusion 599 12 593 19 <0.001 602 17 590 13 0.06
=1 Graft with new lesions} 282 19 266 33 <0.001 277 26 271 25 0.74
=1 Graft with substantial 317 7 327 6 0.56 325 4 319 8 0.03
improvement§
NO. OF NO. OF NO. OF NO. OF
PATIENTS MEAN PATIENTS MEAN PATIENTS MEAN PATIENTS MEAN
Change in lumen diametery
Minimum 557 -0.197 536 -0.379 <0.001 548 —0.310 545 —0.266 0.18
Mean 557 —0.165 536 —0.342 <0.001 548 —0.287 545 -0.219 0.10
Mean (excluding occluded 549 0.000 526 —0.004 0.77 540 —0.013 535 0.010 0.04
grafts)
Change in percent stenosis 593 7.9 584 13.3 <0.001 597 11.5 580 9.7 0.09

*Percentages listed are modified ratio estimates.

tIn the primary analysis of treatment effects, for patients who died, all grafts that were patent at base line were considered occluded at follow-up.

1Only patients who had no major grafts with =15 percent stenosis at base line and who had at least one lesion with substantial progression at follow-

up or interim angiography are included.

§Substantial improvement is defined as an increase in lumen diameter of 0.6 mm or more at the site of a lesion in patients who had at least one major

graft with stenosis of 15 percent or more at base line.

Y(Negative numbers denote decreases in lumen diameter.

end of the dose-adjustment period. Among the pa-
tients assigned to placebo, 1 percent had ratios be-
tween 1.8 and 2.0 and 3 percent had ratios between
1.5 and 1.7. The mean international normalized ra-
tio at the end of the dose-adjustment period was 1.4
in the warfarin group and 1.05 in the placebo group.
Hospitalization because of bleeding or for transfu-
sion (or for both reasons) occurred in 3 percent of
the patients in each of the anticoagulation groups.
Approximately 93 percent in each group took aspi-
rin; 86 percent of all patients took 81 mg per day.
More patients discontinued warfarin or placebo
during follow-up (9 percent) than discontinued lo-
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vastatin (2 percent). The rate of patient compliance
with therapy was 80 percent in the warfarin group
and 85 percent in the placebo group.

Angiographic Outcomes

The primary analysis included 1192 patients for
whom follow-up or interim angiographic data were
available and 64 patients who died (in whom all
grafts were considered to be occluded). Of the 1192
available pairs of base-line and subsequent films,
119 (10 percent) underwent only qualitative assess-
ment of all major grafts. Modified ratio estimates of
the mean percentage per patient of grafts with pro-
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gression of disease are presented for pooled treat-
ment groups (i.e., moderate vs. aggressive treatment
and warfarin vs. placebo) in Table 3, because inter-
actions were not found to be significant (P>0.05).
The modified ratio estimate of the percentage per
patient of grafts with substantial progression of dis-
ease was 27 percent in the aggressive-treatment group
and 39 percent in the moderate-treatment group
(P<0.001). No significant differences in angiograph-
ic outcomes were observed between the warfarin
and placebo groups.

When data from patients who died were excluded,
the pattern of results was similar. When outcomes for
all patients were analyzed, with imputed data ascribed
to surviving patients for whom angiographic data
were unavailable, the pattern of results for the com-
parison of aggressive and moderate treatment to low-
er lipid levels and of therapy with warfarin and place-
bo was substantially unchanged (data not shown).

The mean percentage per patient of grafts with
occlusion or new lesions was significantly lower for
patients assigned to aggressive treatment than for
patients assigned to moderate treatment (Table 3).
The analysis of substantial improvement in the con-
dition of grafts included only patients who at base
line had at least one graft with a preexisting lesion;
this analysis revealed no significant differences among
the study groups.

The analysis of the percentage of all grafts with
progression of disease indicated significant differenc-
es (P<0.001) between the two approaches to lipid-
lowering treatment. The analyses of the percentage
of patients with one or more grafts in which various
changes were evident had a similar pattern of results.
The decrease in lumen diameter (mean and mini-
mum) was significantly less in the aggressive-treat-
ment group than in the moderate-treatment group
(P<0.001) (Table 3).

Clinical Outcomes

Sixty-four patients died before the scheduled fol-
low-up angiography could be performed, and three
died after interim angiography (Table 4). The ma-
jority (63 percent) of deaths were from cardiovas-
cular causes. There were no significant differences
among the study groups in the incidence of cancer
or in deaths from cancer.

An analysis of individual and composite clinical
outcomes found no differences due to treatment (Ta-
ble 5 and Fig. 2). There was a 29 percent lower rate
of revascularization procedures in the aggressive-
treatment group than in the moderate-treatment
group (P=0.03), but this difference did not meet
the study criteria for significance.

DISCUSSION

This study found that lowering the LDL choles-
terol level can retard the progression of atheroscle-

TABLE 4. CLINICAL OUTCOMES ACCORDING TO STUDY GROUP.*

AGGRESSIVE  IVIODERATE
TREATMENT TREATMENT WARFARIN PLACEBO

OuUTCOME (N=676) (N=675) (N=674) (N=677)
number of patients
Death
Total 32 35 28 39
From cardiovascular 22 20 20 22
causes
From other causes 9 15 7 17
From unspecified causes 1 0 1 0
Myocardial infarction
Total 35 40 35 40
Fatal 6 4 5 5
Nonfatal 29 36 30 35
Cancer
Totalt 48 42 54 36
Fatal 9 7 4 12
Nonfatal 39 35 50 24

*All events that occurred before the date of follow-up angiography are
included. For patients who did not have follow-up angiography, all events
that occurred before the follow-up examination completed in the period
for scheduled angiography are counted. Events were classified by physicians
at the clinical centers.

tNonmelanoma skin cancers were included.

rosis in bypass grafts. Unlike other trials that com-
pared drugs with placebo, this trial compared
treatment aimed at two different target levels of re-
duction in the LDL cholesterol level. The goal for
aggressive treatment of a mean level of 85 mg per
deciliter was almost achieved; the mean LDL choles-
terol level during follow-up ranged from 93 to
97 mg per deciliter (2.4 to 2.5 mmol per liter). This
37 to 40 percent reduction from base-line levels is
consistent with the known dose-response effect of
lovastatin.? The failure to attain the target level can
be explained by the high LDL cholesterol levels be-
fore randomization (more than 175 mg per deciliter
in 15 percent of the patients) and by the poor com-
pliance by patients with therapy with cholestyra-
mine. The goal for the moderate-treatment group
was achieved; mean LDL cholesterol levels during
follow-up in that group were 132 to 136 mg per
deciliter (3.4 to 3.5 mmol per liter). This 13 to 15
percent reduction from base-line levels, as measured
after the start of a therapeutic diet, was not unex-
pected since the dose—response relation of lovastatin
is log-linear in nature. Patients in the aggressive-
treatment group had a 31 percent reduction in the
mean per-patient percentage of grafts showing pro-
gression of atherosclerosis, as compared with pa-
tients in the moderate-treatment group (modified
ratio estimates, 27 percent vs. 39 percent). No con-
clusion can be drawn regarding improvement in the
condition of grafts (regression of disease), possibly
because of the study’s limited power; only approxi-
mately 50 percent of the participants had a preexist-

Volume 336 Number 3 - 159

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.

Copyright © 1997 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

TABLE 5. FOUR-YEAR LIFE-TABLE EVENT RATES ACCORDING TO STUDY GROUP.

AGGRESSIVE  IMIODERATE

TREATMENT  TREATMENT WARFARIN PLACEBO
EvEnT* (N=676) (N=675) P Vawet (N=674) (N=677) P VALuet

percent percent

Death 4.5 4.9 0.89 3.9 5.5 0.17
Myocardial infarction 4.8 52 0.46 5.0 5.0 0.81
Stroke 2.3 2.2 0.48 1.5 3.0 0.15
PTCA 4.3 5.2 0.32 4.9 4.6 0.98
CABG 3.0 4.9 0.05 3.8 4.1 0.70
PTCA or CABG 6.5 9.2 0.03 7.8 7.9 0.95
Composite end point} 12.6 15.3 0.12 132 14.8 0.40

*All events that occurred before the date of follow-up angiography are included. For patients who
did not have follow-up angiography, all events that occurred before the follow-up examination com-
pleted in the period for scheduled angiography are counted. Events were classified by physicians at
the clinical centers. PTCA denotes percutaneous transluminal coronary angioplasty, and CABG cor-

onary-artery bypass grafting.

1P values are for the comparison of event-rates curves at 4.5 years, by the log-rank test.

fThe composite end point was death from cardiovascular or unknown causes, nonfatal myocardial

infarction, stroke, CABG, or PTCA.

ing lesion and so could be considered in the analysis

25+ —— Aggressive treatment plus warfarin
---- Aggressive treatment plus placebo : :
--- Moderate treatment plus warfarin of regresmon of dlscas_e'
204 ... Moderate treatment plus placebo This study was designed to have adequate power

Composite End Point (%)

to detect treatment-related differences in angiograph-
ic characteristics but not in clinical events. A low-risk
population was sclected so that a final follow-up an-
giogram could be obtained after four to five years.
Nonetheless, the life-table curves for revasculariza-
tion procedures (Fig. 2B), which show a nonsignif-
icant trend in favor of aggressive therapy as com-
pared with moderate therapy (P=0.03), diverge
progressively after 2.5 years, a fact that strongly sug-

[ gests that a significant difference may occur with
> continued therapy.

o 201 A previous study of the effect of lipid-lowering
5 therapy on graft atherosclerosis was a two-year trial
@ 151 that enrolled 162 men at least three months after
@ coronary bypass surgery; they were randomly as-
0% 10 signed either to a low-fat diet or to therapy with ni-
= acin and colestipol.!” The serum LDL cholesterol
2 51 level in the group receiving drug therapy was de-
O o creased by 43 percent to a mean level of 97 mg per
o O+E= - - - - - - - - deciliter (2.5 mmol per liter) during the trial. Ad-

00 05 10 15 20 25 3.0 35 40 45

Years after Enroliment

Figure 2. Cumulative Life-Table Rates of Events According to
Study Group.

The composite end point was death from cardiovascular or un-
known causes, nonfatal myocardial infarction, stroke, bypass
surgery, or angioplasty. PTCA denotes percutaneous translumi-
nal coronary angioplasty.

160 January 16, 1997

verse changes, as documented with qualitative angi-
ography, were observed in 24 percent of drug-treat-
ed patients and in 39 percent of controls (one-tailed
P value, 0.03), indicating a trend in favor of aggres-
sive therapy with drugs.

Low-dose anticoagulation did not influence the
progression of graft disease in our study. The maxi-
mal daily dose of warfarin (4 mg) and the procedure
of lowering the dose by 1 mg when the international
normalized ratio reached 2.0 (both constraints un-
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dertaken for reasons of safety) resulted in a mean in-
ternational normalized ratio of 1.4 in the patients
who received warfarin. Although we found that low-
dose anticoagulation did not significantly retard the
progression of disease (the primary end point), we
cannot conclude that more aggressive anticoagula-
tion would not be beneficial. The unfavorable trend
associated with warfarin therapy in the analysis of
some secondary measures of progression in all pa-
tients and regression (substantial improvement in at
least one lesion) in patients who had one or more
major grafts with stenosis of at least 15 percent at
base line (Table 3) is unexplained and may be the re-
sult of chance.

In conclusion, given the very low levels of antico-
agulation achieved, there was no beneficial effect
observed in association with warfarin therapy. Ag-
gressive reduction of the LDL cholesterol level be-
low 100 mg per deciliter, as compared with moder-
ate lowering to a level near 130 mg per deciliter,
significantly reduced the progression of atheroscle-
rosis in grafts. This finding is consistent with the rec-
ommendation of the National Cholesterol Educa-
tion Program that the LDL cholesterol level should
be reduced to below 100 mg per deciliter in patients
who have coronary artery disease.34
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APPENDIX

The following institutions and investigators participated in the
study (asterisks indicate principal and co-principal investigators):
Baylor College of Medicine-Methodist Hospital — A. Herd,*
M.K. Cocanougher, K. Dunn, J. Farmer, J. Foreyt, K. Gregory,
W. Insull, M. Jackson, N. Kleiman, R. Lewis, C. Lloyd, K. Maresh,
C. Matthews, S. Minor, R. Roberts, A. Salmon, P Shackelford,
R. Stewart, M. Thompson, and J. Young; Baylor College of
Medicine—Veterans Affairs Medical Center — A. Guinn, G. Har-
ris, J. Heibig, and V. Villarreal Levy; Cedars—Sinai Medical
Center — J. Forrester,* A. Hickey,* N. Buchbinder, R. Davidson,
K. Drury, L. Eber, N. Eigler, I. Geft, S. Goldberg, P Grodan,
J. Hendel, S. Higgins, T. Hodgson, L. Hughes, R. Karlsberg,
J. Katz, N. Lepor, E Litvak, Y. Luptak, G. Madera, H. Marcus,
A. Mondkar, B. Neidorf, M. Neumann, T. Nivatpumin,
Y. Rabinowitz, M. Raymond, A. Reader, V. Rurycz, J. Schapira,
J. Schlanger, R. Silverberg, A. Smith, S. Tabak, R. Valovis, and
R. Gray; Cleveland Clinic Foundation — B. Hoogwerf,*
W. Stewart,* G. Baervedt, C. Bott-Silverman, C. Breen, P Buck-
ner, J. Cabral, M. Cressman, C. Fonseca, J. Foster, R. Foster,
F. Gutman, L. Harris, F. Heupler, R. Hobbs, S. Huang, J. Kalenak,
M. Kassem, G. Kosmorsky, J. Kramer, C. Kurzawa, R. Langston,
M. Lincoft, J. Lindberg, C. Lowder, E. McCafferty, D. McKeown,
D. Meisler, D. Mendlovic, S. Meyers, J. Moore, J. Nousek, R. Ray-
mond, G. Rincon, J. Robin, E. Rockwood, W. Sheldon, C. Sim-
pfendorfer, H. Walsh, A. Waness, K. Wright, and F. Yanak; Mon-
treal Heart Institute — L. Campeau,* C. Goulet,* H. Bédard,

M. Bois, S. Bujold, G. Coté, J. Davignon, M. de Belder, A.M. Du-
charme, S. Doucet, J. Dumas, I. Dydra, S. Foucher, J. Crépeau,
G. Gosselin, D. Groulx, M. Joyal, M. Juneau, J. Lespérance,
C. Lévesque, J. Lévesque, M. Marcil, M. Olivier, A. Pasternac,
A.M. Poitras, D. Poitras, A. Quevillon, C. Rioux, D. Robitaille,
K. Sisouphone, and C. Solymoss; University of Minnesota —
D. Hunninghake,* B. Christianson, N. DiAngelis, K. Gardner,
R. Helgren, C. Iacarella, W. Knobloch, L. Lau, D. Laxson, A. Le-
on, E. London, R. Manion, K. McDonald, A. McGinn, M. Mian-
ulli, J. Robinson, G. Turner, Y. Wang, C. White, R. Wilson, and
S. Zimmer; University of Minnesota—Minneapolis Heart Ins-
titute — F. Gobel,* P Anderson, C. Baumgard, J. Christensen,
A. Fulco, K. Hanson, C, Johnson, B. Larson, J. Madison,
. McCormack, C. Ostrov, R. Pecha, W. Pederson, T. Pier, M. Ran-
dall, W. Rodman, S. Roeller, K. Scott, N. Sher, J. Speilman,
R. Thompson, S. Zupfer, and I. Goldenberg; Study Chairs —
L. Campeau, D. Hunninghake, and B. Healy; Coordinating Cen-
ter, Maryland Medical Research Institute — G. Knatterud,*
M. Terrin,* M. Canner, S. Fick, S. Forman, D. Hanson, J. Howard,
A.L. Huang, S. Karabelas, F. LoPresti, W. Mercer, K. Ra, A. Ran-
dall, M. Schactman, B. Schleigh, R. Snider, E. Mirenzi, M. Fisher,
and N.L. Fox; National Heart, Lung, and Blood Institute —
M. Domanski, S. Czajkowski, N. Geller, Y. Rosenberg, J. Probst-
field, S. Shumaker, J. Wittes, S. Yusuf, and D. Zucker; Angiogram
Reading Center, University of Minnesota — C. White,* R. Wil-
son,* J. Cartland, G. Das, D. Laxson, A. McGinn, S. Meyer,
T. Powers, D. Ringdal, Z. Rosza, B. Shaheen, M. Sirek, C. Stone,
J. Snider, and J. Vanyi; Apolipoprotein Core Laboratory, Okla-
homa Medical Research Foundation — P. Alaupovic* and J. Fes-
mire; Hematology Core Laboratory, Loyola University —
J. Walenga,* E. Bermes, D. Hoppensteadt, and R. Pifarré; and
Data and Safety Monitoring Board — R. Carleton (Chairman),
K. Bailey, B. Brody, J. Cairns, C. Furberg, V. Fuster, C. Grondin,
D. Jenkins, J. LaRosa, and P Meier (ex-officio members: L. Cam-
peau, S. Czajkowski, M. Domanski, and G. Knatterud).
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CORRECTION

The Effect of Aggressive Lowering of Low-Density
Lipoprotein Cholesterol Levels and Low-Dose
Anticoagulation on Obstructive Changes in
Saphenous-Vein Coronary-Artery Bypass Grafts

The Effect of Aggressive Lowering of Low-Density Lipoprotein Choles-
terol Levels and Low-Dose Anticoagulation on Obstructive Changes
in Saphenous-Vein Coronary-Artery Bypass Grafts . On page 156,
the eighth entry in the first column of Table 1 should have read, “<5
yr since most recent bypass surgery (%),” not ~>5 yr since most re-
cent bypass surgery (%),” as printed. Also, on page 162, reference
21 should be replaced with the following: “Castelli WP. Epidemiol-
ogy of coronary heart disease: the Framingham Study. Am J Med
1984;76:4-12.”
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