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A

 

BSTRACT

 

Background

 

Oxidizing metabolites generated at
the site of coronary angioplasty can induce chain re-
actions that may lead to restenosis. Antioxidants may
counter oxidative stress and modify neointimal for-
mation and vascular remodeling. Experimental data
and small clinical studies have suggested that antiox-
idants may prevent restenosis after angioplasty. In a
double-blind, randomized trial, we studied whether
drugs with antioxidant properties decrease the inci-
dence and severity of restenosis after angioplasty.

 

Methods

 

One month before angioplasty, 317 pa-
tients were randomly assigned to receive one of four
treatments: placebo, probucol (500 mg), multivita-
mins (30,000 IU of beta carotene, 500 mg of vitamin
C, and 700 IU of vitamin E), or both probucol and
multivitamins — all given twice daily. Patients were
treated for four weeks before and six months after
angioplasty. Patients received an extra 1000 mg of
probucol, 2000 IU of vitamin E, both probucol and
vitamin E, or placebo 12 hours before angioplasty,
according to their treatment assignments. Base-line
and follow-up angiograms were interpreted by blind-
ed investigators using a quantitative approach. 

 

Results

 

The mean (

 

�

 

SD) reduction in luminal di-
ameter six months after angioplasty was 0.12

 

�

 

0.41
mm in the probucol group, 0.22

 

�

 

0.46 mm in the com-
bined-treatment group, 0.33

 

�

 

0.51 mm in the multi-
vitamin group, and 0.38

 

�

 

0.50 mm in the placebo
group (P

 

�

 

0.006 for those receiving vs. those not re-
ceiving probucol, and P

 

�

 

0.70 for those receiving vs.
those not receiving vitamins). Restenosis rates per
segment were 20.7 percent in the probucol group,
28.9 percent in the combined-treatment group, 40.3
percent in the multivitamin group, and 38.9 percent in
the placebo group (P

 

�

 

0.003 for probucol vs. no pro-
bucol). The rates of repeated angioplasty were 11.2
percent, 16.2 percent, 24.4 percent, and 26.6 percent,
respectively (P

 

�

 

0.009 for probucol vs. no probucol). 

 

Conclusions

 

The antioxidant probucol is effective
in reducing the rate of restenosis after balloon coro-
nary angioplasty. (N Engl J Med 1997;337:365-72.)
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*Participants in the Multivitamins and Probucol (MVP) Study Group are
listed in the Appendix.

 

HE high incidence of restenosis after bal-
loon coronary angioplasty continues to
limit the long-term success of the proce-
dure.
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 Clinical trials of several pharmaco-
logic agents have been conducted in an attempt to
prevent restenosis, but none have been found to be
useful. Data from studies in animals have demonstrat-
ed a beneficial effect of antioxidants on both cell
proliferation and arterial remodeling after balloon
angioplasty.
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 Furthermore, a few small studies have
suggested a promising role for drugs with antioxi-
dant properties in the prevention of restenosis in hu-
mans.
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 We conducted the Multivitamins and Pro-
bucol (MVP) trial to test the hypothesis that the
antioxidant probucol, multivitamins (a combination
of the antioxidant vitamins E and C and beta caro-
tene), or the combination would reduce the rate and
severity of restenosis as assessed by quantitative cor-
onary angiography within the first six months after
angioplasty. Probucol, previously used as a lipid-
lowering agent, has powerful antioxidant properties
and was therefore selected for this study.

 

METHODS

 

Study Design and Study Population

 

The MVP study was a double-blind, placebo-controlled, ran-
domized trial with four study groups. The protocol was approved
by the institutional review board at the Montreal Heart Institute.
Patients referred for elective coronary angioplasty were evaluated
at least 30 days before the scheduled procedure. Eligible patients
were asked to participate and to provide written informed con-
sent. Preliminary evaluation included a medical history taking and

T
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physical examination, electrocardiography, blood count, and blood
chemistry tests including measurements of serum lipids and glu-
cose and liver, kidney, and thyroid function. Patients were eligible
if they were scheduled to undergo standard balloon angioplasty
on at least one native coronary artery and had at least one target
lesion with stenosis of 50 percent or more of the luminal diameter
as measured by calipers on the angiogram. We excluded subjects
unable to participate in the pretreatment evaluation or unable to
return for follow-up; those who had had a myocardial infarction
within the previous seven days; patients scheduled to undergo
stenting or atherectomy; those who had undergone angioplasty
for another lesion in the preceding six months or who were being
treated for a restenotic lesion; and patients undergoing angioplas-
ty of a bypass graft or of a bypassed native vessel with a patent
graft.

 

Randomization and Drug Regimen

 

Beginning 30 days before the scheduled angioplasty, patients
were randomly assigned to receive one of four treatments: probu-
col alone, multivitamins alone, the combination of probucol and
multivitamins, or placebo. Two tablets of the multivitamin com-
plex, each of which contained 15,000 IU of beta carotene, 250
mg of vitamin C, and 350 IU of vitamin E (

 

dl

 

-alpha-tocopherol),
or the matched placebo were administered twice daily. Probucol
(two 250-mg tablets; Lorelco, Merrell, Kansas City, Mo.) or
matched placebo was also administered twice daily. All patients
received an extra dose of 2000 IU of vitamin E, 1000 mg of
probucol, both vitamin E and probucol, or placebo 12 hours be-
fore angioplasty, according to their random treatment assign-
ments. All patients in whom angioplasty was successful and who
did not have procedure-related cardiac complications continued
to receive the assigned study treatment until follow-up angiogra-
phy was performed.

 

Angioplasty Procedure and Angiographic Methods

 

All patients received aspirin (325 mg daily) for the entire study
period. Balloon angioplasty was performed according to standard
techniques. Control angiography both before and after angioplas-
ty and at follow-up was preceded by the administration of intra-
coronary nitroglycerin (0.3 mg). The sequence of contrast injec-
tions with the exact degree of angulation was recorded for
angiography performed before the procedure, immediately after
the final balloon inflation, 15 minutes later, and at follow-up.
Electrocardiograms were obtained before angioplasty, immediate-
ly thereafter, and daily until discharge. Creatine kinase and crea-
tine kinase MB fraction were measured on the evening after the
procedure and the following morning.

Patients were excluded from the study if the stenosed coronary-
artery segment could not be dilated; if initially successful an-
gioplasty was followed by persistent abrupt closure; if a Q-wave
infarction occurred in the territory of the dilated artery; if an-
gioplasty was unsuccessful, necessitating emergency revasculariza-
tion; or if the results of angioplasty were suboptimal and a stent
was implanted.

 

Follow-up Evaluation

 

Patients who underwent successful angioplasty were discharged
with one month’s supply of the study medication, aspirin, and any
other drugs judged necessary. They were specifically asked not to
take additional vitamins. Patients returned at one, three, and six
months for a new supply of drugs; at this time, pill counts and a
clinical evaluation were performed. Patients were assessed for is-
chemic symptoms and for any symptoms, whether or not they
were related to the study medication or the angioplasty proce-
dure. Compliance was further evaluated by measurements of drug
levels in serum at each visit. These levels were not made available
to investigators during the trial, in order to maintain blinding.
Blood-chemistry values assessed at base line were measured again
at discharge and at each follow-up visit. The one-month and six-

month visits included treadmill exercise tests. Patients were re-
admitted for follow-up coronary angiography five to seven
months after angioplasty. Those in whom arteriography was per-
formed for clinical reasons before the fifth month returned for an-
other angiographic examination at five to seven months if there
was no definite arteriographic evidence of restenosis in one or
more dilated segments.

 

Assessment of Diet and Dietary Intervention

 

Each patient had four complete food-intake evaluations; the
modified Burke questionnaire
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 was used at base line and a food
journal at other visits, with questions to assess the intake of fruit,
vegetables, and dietary supplements. Food composition was de-
termined according to the Canadian Nutrient File.
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 Patients were
given specific dietary counseling at each visit. The American
Heart Association Step 1 diet
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 was taught to all patients. Specific
attention was given to vitamins and minerals usually consumed.
Daily dietary intake of vitamins E and C and beta carotene was
limited, and patients were instructed to avoid vitamin and mineral
supplements. The diet met 1990 Canadian standards for all nu-
trients.
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Measurement of Drug Levels

 

The levels of probucol and alpha-tocopherol in serum were de-
termined by isocratic reverse-phase high-performance liquid chro-
matography.
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 All samples were frozen at 

 

�

 

70°C and analyzed in
duplicate.

 

Quantitative Coronary Angiography

 

The four coronary arteriograms (obtained before the proce-
dure, immediately after the procedure, 15 minutes after the pro-
cedure, and at the final follow-up visit) were analyzed together
by experienced technicians supervised by a cardiovascular radiol-
ogist who was blinded to the patients’ treatment assignments, us-
ing the Coronary Measurement System (Medis, Nuenen, the
Netherlands).
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 Measurements were made in a single projection,
showing the most severe stenosis. The projection that showed
the arterial segment with good opacification, as nearly perpen-
dicular to the x-ray beam as possible, was selected for analysis.
Whenever possible, the same projection was used in all four ar-
teriograms to allow more accurate comparison. The variation
among repeated measurements of the percentage of stenosis in
our laboratory is 8.6 percent when frames recorded one to six
months apart are analyzed.
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 A change of 15 percent, or roughly
2 SD of the mean variation, was taken to indicate a clinically im-
portant change.

 

Definitions and End Points

 

Restenosis was evaluated in terms of both numbers of patients
and numbers of dilated coronary-artery segments. All measure-
ments were made by quantitative angiographic methods. Only
patients in whom at least one lesion was successfully dilated were
included in the analysis of restenosis. Successful dilation was de-
fined as residual stenosis of less than 50 percent of the luminal
diameter (as measured 15 minutes after the procedure), with im-
provement of at least 15 percent in luminal diameter as compared
with the measurement before the procedure. The angiogram ob-
tained 15 minutes after angioplasty was used in the analysis of
outcomes in order to exclude the effects of early elastic recoil, at
least in part, from the assessment of restenosis.

The primary end point with respect to efficacy was the extent
of restenosis, defined as the reduction in the minimal luminal di-
ameter from the angiogram obtained 15 minutes after angioplas-
ty to that obtained at follow-up. In patients who were undergoing
angioplasty on more than one lesion, the means of the luminal
diameters for all successfully dilated sites 15 minutes after angio-
plasty and at follow-up were computed. Restenosis was also de-
fined as a dichotomous outcome variable and analyzed in terms
of the change in the percentage of stenosis. A patient was defined
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as having restenosis if at least one dilated segment had stenosis of
50 percent or more of the luminal diameter at follow-up, with an
increase of 15 percent or more in the degree of stenosis from that
measured on the angiogram obtained 15 minutes after angioplas-
ty. Only successfully dilated segments were considered in the eval-
uation of the proportion of segments with restenosis. Major sec-
ondary clinical end points were death, myocardial infarction,
coronary bypass surgery, and repeated angioplasty.

 

Statistical Analysis

 

A previous study at our institution had shown a mean (

 

�

 

SD)
reduction of 0.38

 

�

 

0.44 mm in luminal diameter six months after
angioplasty.

 

18

 

 We calculated that a total of 364 patients were
needed for us to be able to detect a 40 percent reduction in lu-
minal loss during the six months after angioplasty, with a power
of 0.90 and a two-tailed significance level of 0.05. Assuming a
dropout rate of 10 percent and a 90 percent rate of compliance
with the protocol, we increased the target sample size by roughly
20 percent to 440 patients.

For the patients who completed the trial without protocol vi-
olations (criteria included taking more than 80 percent of the as-
signed study medications), the primary end point with respect to
efficacy — the extent of restenosis — was evaluated with two-way
analysis of covariance with control for the luminal diameter 15
minutes after angioplasty and for the distribution of target ves-
sels. In the intention-to-treat analysis, which included all random-
ized patients with successful angioplasty, the dichotomous out-
come (restenosis or no restenosis) was analyzed similarly by
multiple logistic regression. All patients who withdrew early were
considered to have restenosis for purposes of the intention-to-
treat analysis. Patients who completed the trial with protocol vi-
olations were considered to have restenosis or no restenosis de-
pending on the measurements obtained at the final angiography.

The proportion of dilated segments with restenosis was ana-
lyzed by the generalized-estimating-equations technique,
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 which
takes into account potential interdependence among multiple
segments in the same patient. All secondary end points were an-
alyzed in a way similar to that used for the primary efficacy end
point. Depending on the outcome, analysis of covariance or mul-
tiple logistic regression was used. The proportions of patients re-
porting adverse effects of treatment were compared with use of
chi-square tests. An interim statistical analysis, based on the Po-
cock constant-boundary approach,

 

20

 

 was scheduled after the first
200 patients completed follow-up (significance levels of 0.0294
were used for both interim and final analyses in order to maintain
an overall significance level of 0.05).

 

RESULTS

 

A total of 317 patients had entered the trial when
the interim analysis was performed on data for the first
200 patients. The results showed that probucol had a
significant effect on the primary efficacy end point
(P

 

�

 

0.018). The study was therefore stopped when
the additional 117 patients completed follow-up.

During the study, 1179 patients were screened, of
whom 862 were excluded. Patients were distributed
in the four groups as follows: 80 received probucol
alone, 78 multivitamins alone, 80 probucol plus
multivitamins, and 79 placebo. Selected demograph-
ic, clinical, and angiographic characteristics of the
groups are shown in Table 1. The only significant
differences at base line were in sex and the distribu-
tion of target vessels; there were more women in the
combined-treatment group, and a greater number of
patients were scheduled for dilation of the left ante-
rior descending artery in the multivitamin group.

These variables were not associated with the efficacy
end points.

Eleven patients were randomly assigned to study
groups but did not undergo angioplasty; seven were
treated medically, three required bypass surgery, and
one died before the scheduled date of angioplasty.
Standard balloon angioplasty was successful in 81 to
84 percent of patients in each study group. There
were 51 failures of angioplasty; 36 patients did not
meet the angiographic criteria for successful angio-
plasty, 10 patients underwent stenting, 2 required
urgent bypass surgery, and 3 had a Q-wave myocar-
dial infarction within 24 hours after the procedure.

Twelve patients discharged after successful angio-
plasty did not undergo final arteriography. One of
these patients died, three withdrew from the study,
three underwent repeated angioplasty, three under-
went surgical revascularization without meeting the
quantitative criteria for restenosis at early angiogra-
phy, one with myocardial infarction did not undergo
follow-up angiography, and one was excluded be-
cause of inadequate angiographic data. Thirteen pa-
tients were not adequately compliant with the study
regimen (three in the probucol group, three in the
combined-treatment group, six in the multivitamin
group, and one in the placebo group). The base-line
characteristics examined in the 317 patients who un-
derwent randomization were also evaluated in the
255 patients in the intention-to-treat analysis who
had successful angioplasty and the 230 of these pa-
tients who completed the study without protocol vi-
olations. In these populations, the same differences
among the groups were found.

 

Angiographic Analysis

 

Table 2 summarizes quantitative angiographic find-
ings in the 230 patients who completed the study
without protocol violations. The mean reduction in
luminal diameter among the patients (the primary ef-
ficacy end point) was 0.12

 

�

 

0.41 mm in the probucol
group, 0.22

 

�

 

0.46 mm in the combined-treatment
group, 0.33

 

�

 

0.51 mm in the multivitamin group,
and 0.38

 

�

 

0.50 mm in the placebo group (P

 

�

 

0.006
for patients given probucol as compared with those
not given probucol, and P

 

�

 

0.70 for those given vi-
tamins as compared with those not given vitamins).
There was no evidence of significant interaction be-
tween probucol and multivitamins in the factorial de-
sign (P

 

�

 

0.13). However, considering that the power
of the study to detect such an interaction was 0.33,
we performed a post hoc analysis comparing each two
of the four groups separately, with adjustment for a
possible interaction. The results remained significant
for all angiographic end points in the comparison of
the probucol and placebo groups. When the 13 non-
compliant patients were added to the analysis, the
mean reduction in luminal diameter was 0.13

 

�

 

0.41
mm for the probucol group, 0.23

 

�

 

0.45 mm for the
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