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Objectives. The specific objective of the REDUCE trial was to
evaluate the efect of low molecular weight heparin on the inci-
dence and occurrence of restenosis in patients undergoing percu-
taneous transluminal coronary angioplasty (PTCA).

Background. Unfractionated heparin and its low molecular
weight fragments pussess antiproliferative effects and have been
shown to reduce ncointimal smooth muscle cell migration and
proliferation in respoase to vascular injury in experimental studies.

- Methods. The REDUCE trial is an international prospective,
randomized, double-hlind, multicenter study. Twenty-six centers
in Europe and Canada enrclled 625 patients with single-lesion
coronary artery obstructions suitable for PTCA. Three hundred
six patients received reviparin as a 7,000-U bolus before PTCA,
followed by 10,500 U as an infusion over 24 h and then twice-daily
3,5060-U subcutaneous application for 28 days. The 306 patients in
the control group received a bolus of 10,000 U of unfractionated
heparin followed by an infusion of 24,000 U over 24 h. These
patients then underwent 28 days of subcutanecus placebo injec-
tions. The primary end points were efficacy (defined as a reduction

in the incidence of major adverse events [i.e., death, myocardial
infarction, need for reintervention or bypass surgery]), absolute
loss of minimal lumen diameter and incidence of restenosis
during the observation period of 30 weeks after PTCA,

Results. Using the intention to treat analysis for all patients,
102 (33.3%) in the reviparin group and 98 (32%) in the control
group have reached a primary clinical end point (relative risk
[RR] 1.04, 95% confidence interval [CI] 0.83 to 131, p = 0.707).
Likewise, no difference in late loss of minimal lumen diameter was
evident for both groups. Acute events within 24 h occurred in 12
patients (3.9%) in the reviparin group and 25 (8.2%) in the contrel
group (RR 049, 95% Cl1 0.26 to 092, p = 0.027) during or
immediately after the initial procedure. In the control group, eight
major bleeding complications occurred, and in the reviparin
group, seven were observed within 35 days after PTCA.

Conclusions. Reviparin use during and after coronary angio-
plasty did not reduce the occurrence of major clinical events or the
incidence of angiographic restenosis over 30 weeks.

(] Am Coll Cardiol 1996,28:1437-43)

Since the introduction of percitaneous transluminal coronary
angioplasty (PTCA) in 1977 (1), this method has shown
impressive clinical results in the acute setting. Increased expe-
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rience and rapid advances in technology have resulted in a
primary success rate of up to 95%. However. late restenosis,
which constitutes the most important problem after successful
angioplasty, continues to occur in 30% to 50% of patients
within 3 to 6 months (2-5). Experimental and human postmor-
tem studies have shown (6,7) that the process of restenosis is at
least in part due to neointimal proliferation. Although the
incidence, timing, clinical. anatomic and pathophysiologic fac-
tors associated with restenosis have been studied in depth
(8-14). most medical attemplts to reduce the occurrence of

 restenosis thus far have failed.

Unfractionated heparin has tong been known as an cffective
anticoagulani with inhibitory action on platelet function and an
additional effect on smooth muscle cell proliferation. In recent
years, low molecular weight heparins have been developed and
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Abbreviations and A&bnyis .

: v(‘l'_: C= configenice intenval
NHLBI - Nalmnal Heart, Lung, and- Blnod lnsu.ulc

PTCA = pcrcul.mcous lranslummal coronary angloplast)
RR - = relative risk
TIMI =

“Thrombolysis in Myocardial Infarction

have been shown to be as effective and safer than unfraction-
ated heparin in the prevention and treatment of venous
thromboembolism (15,16). Reviparin is a new low molccular
weight heparin with anticoagulatory efficacy comparable to
unfractionated heparin and a better safety profile than unfrac-
tionated heparin (17.18). In vitro studies ‘with reviparin have
shown significant inhibition of smooth muscle cell migration
and proliferation in human cell cultures without affecting
endothelial cell growth (19). Experimental studies in New
-Zealand rabbits (20) revealed that the extent of intimal mitosis
during the first 7 days after PTCA was significantly reduced
(p < 0.01 at 3 days; p < 0.05 at 7 days) after injections of
reviparin (2.5 mg/kg body weight per day subcutaneously,
which corresponds to 400 anti-Xa U/kg per day), resulting in
only a moderate increase in intimal wall thickness after 28 days
compared with that in a control group treated with unfraction-
ated heparin. In a prchminary open clinical pilot trial con-
ducted to evaluate the safety of reviparin application in the
clinical setting, no increased bleeding complications were
observed (21).

The purpose of the randomized, double blind, placebo-
controlled, muiticenter REDUCE trial (Reduction of Resten-
osis' After PTCA, Early Administration of Reviparin in a
Double-Blind, Unfractionated Heparin and Placebo-Controlled
Evaluation) was to evaluate whether reviparin given intraarte-
rially and intravenously during PTCA and subsequently sub-
cutaneously twice daily for 28 days after PTCA in a dosage
equivalent to that used in the animal experiments (20) and
compared with unfractionated heparin and placebo would
reduce the incidence of restenosis, as determined by the
occurrence of major clinical events and angiography.

Methods

Selection nf patients. Patients scheduled to undergo single-
lesion coronary angioplasty (PTCA) because of stable or
unstable angina (except for class 3C as defined in the Braun-

wald classification) were eligible for the study if they had no -

history of bleeding disorders, recent active bleeding, uncontrolled
asthma or hypertension (blood pressure >180/105 mm. Hg),
active peptic ulcer disease, history of heparin-associated

thrombocytopenia, acute myocardial infarction within 14 days
and unstable angina requiring continuous heparin therapy.
Patients had to have been suitable candidates for coronary:

bypass surgery. A left main coronary artery stenosis >50%,
angioplasty of saphenous vein graft or previous PTCA at the
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same lcsion site also were exclusion criteria. The study was

. carried out dccordmg to the principles of the Declaration of

Helsinki and the Guldelmcs for Good Clinical Practice’ based

~on a study protocol Written informed consent accordmg lo

local practice was obtained for every patient. _

Randomization. Patients were randomly assigned to elther
reviparin or unfractionated heparin plus placebo treatment.
The randomization was realized at the centers by blinded,
prepacked medication sets with ascending numbers. To ensure
an equal distribution of treatments in each center, a block
randomization procedure on asite basis in blocks of 12
treatment assignments was used. Patients were screened be-
tween May 1993 and June 1994. Six hundred twenty-five
patients were enrolled at 22 European and 4 Canadian centers
(sce Appendix).

Study protocol. Standard balloon angioplasty was per-
formed through the transfemoral approach using an 8F guide
catheter according to standard techniques. At the time of arterial
access, either a bolus of unfractionated heparin (10,000 1U)
or reviparin {7,000 IU anti-Xa U) was injected into the femoral
sheath. Subsequently, all patients received an intravenous
infusion of either unfractionated heparin (24,000 IU) or
reviparin (10,500 IU anti-Xa U) over 16 * 4 h (mean + SD).
Aspirin (100 mg/day) was administered 1 day before and
throughout the treatment period. Beginning on the evening of
day 1, either 3,500 IU anti-Xa U of reviparin or placebo was
administered subcutaneously twice daily for 28 days.

The clinical follow-up visit was scheduled 4 and 30 weeks
after angioplasty for clinical and laboratory assessment. Labo-
ratory assessment included complete blood count, coagulation
profile and liver function tests. The global clotting tests
(activated prothrombin time, thromboplastin time and anti-Xa
plasma level) were analyzed at core laboratory (Sainte Marie,
Paris, France for the European centers; McMaster University
Medical Center, Hamilton, Ontario for the Canadian centers).
Patient compliance with regard to subcutaneous injections was
assessed by a paticrt booklet to be filled out and the measured
anticoagulation levels after 28 days. To assess angiographic
restenosis, repeat coronary angiography was performed at
26 + 2 weeks after PTCA through the femoral sheath with a 7F
femoral diagnostic caiucter after readjustment of the X-ray
gantry angular settings and the various height levels, according
to values previously documented during the original interven-
tion.

The angiograms were sem to the core angiographic labora-
tory for further blinded analysis. To standardize the method of
data acquisition and to ensure the exact reproducibility of the
angiograms acquired after intervention and follow-up, mea-
surements were made using the Coronary Artery Analysis

~ System as ‘described elsewhere (22). Ten percent of the
-angiograms were reanalyzed in blinded manner as part of the
_-quality control assessment.

Study end points. The. pnmary clinical end point was de-
fined as the first oconrrence of any of the following events in
the first 30 weeks after the initial procedure: death from any

' cause; nonfatal myocardial infarction; clinically driven repeat
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revascularization of the_ initial - treatment vessel, including
interventions using an alternative percutaneous revasculariza-

tion device. coronary artery bypass surgery or implantation of
a coronary stent as-a bailout procedure. Rescue stent implan-
tation was defined as the placement of a stent in the event of
flow reduction to Thrombolysis in Myocardial Infarction
(TIMI) grade 0 or 1. All emergency stent implantations were
checked for the eligibility of the rescue criterion by the central
angiographic committee.

Myocardial infarction was defined as documented elevation
of serum creatine kinase levels to greater than twice the upper
limit of normal for the laboratory; electrocardiographic
changes indicative of myocardial infarction; or typical anginal
pain at rest prolonged for >30 min despite administration of
nitroglycerin.

The primary angiographic end point was defined in terms of
absolute loss in minimal lumen diameter at the diiated site
from after PTCA to follow-up an;;iography (median folow-up
of 184 days after PTCA) assessed by quantitative coronary
analysis. Restenosis was defined as loss of >50% of the initial
gain of PTCA, according to the National Heart. Lung, and
Blood Institute (NHLBI) 4 definition.

The safety of the trial medication and the feasibility of
replacing standard heparin during the intervention was as-
sessed in terms of occurrence of bleeding complications or
other adversc events that could be attributed to the trial
medication. In addition, blceding was quantified as major or
minor. Major bleeding was defined as a clinically evident
bleeding episode associated with 2 decrease in hemoglobin of
at least 2 g/dl or requiring transfusion of at least 2 U of biood,
or both. Any intracerebral or retroperitoncal bleeding was
considered a major episode. The site and source of bieeding
episodes were noted.

Data management and statistical apalysis. The primary
variable for biometric clinical evaluation was the incidence of
clinical events, as previously already defined. On the basis of
data from previous trials (23), this trial was planned to include
a minimum of 281 patients/group to detect a reduction of 40%
in the primary clinical end point (the event rate in the control
group was predicted to be 30%. with alpha = 0.05, beta = 0.1
[two-tailed Fisher exact test]). All data were monitored by the
Data and Statistical Coordinating Center (clinical data) or the
core laboratory (angiographic data) as well as the monitoring
team of the trial sponsors. The Data and Statistical Coordinat-
ing Center performed the final statistical analysis.

The results of the two treatment groups were displayed as
Kaplan-Meier survival curves (24). For the primary end point,

a Mantel-Haenszel test was performed using the end point

rates in the two treatment groups until the end of week 30. This
analysis involved all randomized patients with the exception of
13 patients who did not receive study medication, according to
the intention to treat principle. The primary dnglographlc end
point was statistically evaluated by comparison between the
two treatment groups with respect to loss of minimal lumen
diameter from after PTCA to the 26 week follow-up visit and
was performed according to the intention to treat principle for
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Table 1. Bd&lmc CllﬂlCdl (hdraclcnsnm ot lmcmmn m
Treat Cohort: _
UFH Placcho Reviparin .~ Total -
{n = 306} m=36) - (n=612)
[no. (%)) {no: (50)] [no. (2))
Male 23R (M3 258 (84.3) S16(84.3)
Mcan { = SD) age (vr) 379+ 94 S84 =08 58395
Risk factors
Diabetes mellitus 37120 32(H.5) 69 (11.3)
Hypertension 103 (33.7) 103 (33:7) 206 (33.7)
Hypercholesterolemia 149 (48.7) 150 (49.0) 299 (48.9)
History of smoking? 204 (66.7) 219(71.6) 423 (69.1)
Previous M1 132¢43.1) 132 (43.1) 264 (43.1)
Angina class (CCS)
Nonc 17(5.6) 18(5.9) IS
] S0(16.3) H (144 94 (15.4)
I 119 {35.6) 124 (40.5) 233(38.1)
[{]] 68 (22.2 62 (20.3) 130(21.))
v 57 (18.6) S5(18.0) 112 (183)
Missing 5(16) 3 8(1.3)

*History and current smokers. CCS = Canadian Cardiovascular Society:
MI = myocardial infarction: UFH = urfractionated heparin.

514 patients for whom all three angiograms were available.
Continucus variables are expressed as mean value *SD and
were compared in the treatment groups using covariance
techniques with center and baseline values as covariates. The
Mantel-Haenszel test stratified for centers was used to com-
pare proportions. Discrete variables are expressed as counts
and percentages as well as relative risk with 95% confidence
interval, with respect to treatment groups. Comparisons among
treatment groups with respect to all other variables excluding
the primary clinical end point wese made for descriptive
purposes. Data are presented with nominal two-tailed p values
(unadjusted for multiple comparisons).

Results

The intention to treat patient group included all patients
who received at least one dose of the study medication. The
clinical “per protocol™ pacient group included all compliant
patients of the intention to treat clinical cohort who had an
initial single-vessel single-lesion PTCA and a complete clinical
follow-up Three hundred six patients were randomized to
receive unfractionated heparin/placebo and 306 to receive
reviparin. Clinical or telephone follow-up for evaluation of the
primary clinical end point was obtained for 601 patients.
During the course of the study. eight patients- were lost to
follow-up, and three had their second follow-up visit before the
end of week 30, and no telephone evaluation of the end point

~ was obtained. The haseline characteristics of the intention to
treat cohort are given in Tables 1 and 2. The two treatment
+ groups did not differ m any bascline clinical or angiographic

characteristics. In general, patients had one-vessel diseasc. and
a single lesion was dilated in all patients according to the
inclusion criteria. Comparison of baseline characteristics in the
per protocol patient group also showed no difference in any
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Tabk 2. B.w:lmc Angmzraphu Charactcnsuc‘ ot lntnnuon to
Trcat Cohort
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Table 3. Reasons for Exclusion From Per Protocol Cohort

‘ UFH Placcbo  Reviparin — Total -
l!'FH Placeha Reviparin Total (n = }k) (n = 306) (n=0612)
Ino i W C o) [no. (44)) Ino. 1“6} Ino (9] - fno (‘e )]
. N;l,'uf discased veswls - Lant to follow -up N{l6) 3y 1 (1.8}
‘ | o 188 (7%6.1) 207(77.5) 395 (76,8) Incorrect entry criteria® 14¢4.6) S(lL.o) ICTERE!
2 S0(20.2) I8 (1N U8 (v 1) Protocol vieltion IS(5Y) 17¢(5.60 KT RN
3 Y{in) 140 Xi(dy) Other
Unknown 0 (.0 104 (U] Follow-up too fate 140 4131 [3(130)
7 stenusis (QCA)” .2 2 13X ohl + 131 po.l = 135 No balioon dilation performed S(L6} 11 (3.6) 16(2.6)
ACCAHA Iesion class Consent withdrawn during study S116) 31 8(L3)
A 35¢182) 41 (13.4) 76 (14.8) Total exclusions 93 (304) 9258 172(28.1)
B, 115 (365) 133 (498) S (#82) *Patients not mecting correct inclusion criteria at second review. UFH =
B, Y2310 89323 181 1352) ) R
2 - untractionated heparin.
C 5.0y 4(1L5) 9 (18}
Total 47 267 514

"Mean = SD ACC'AHA
Heart Assoctation; QUA = quantitative coronary angiography: UFH =
tionated heparin.

American College of Cardiology: American
unlrac-

baseline characteristic. Ninety-three patients in the control
group and 7Y in the reviparin group were excluded from the
per protocol analysis. The primary reason for exclusion was
insufficient compliance with the 6-month follow-up visit or
missing protocol compliance. Nineteen patients did not meet
entry criteria (Table 3). The mean dose of intravenous infusion
was 92.16% for the control group and 93.05% for the reviparin
group. Comparable compliance was observed for the adminis-
tration of the subcutancous injections.

Primary efficacy analysis. Using the intention to treat
analysis (Table 4). treatment failure, as defined by the occur-
rence of death, myocardial infarction. bypass surgery and
emergency or elective repeat PTCA in the observation period,
was 33.3% for the reviparin group and 32% for the control
group (relative risk [RR] 1.04, 95% confidence interval |Cl]
0.83 to 1.31. p = 0.707) (Table 4). Angiographic restencsis
using the NHLBI 4 definition was present in 86 (34.4%)
patients in the control group and in 89 (33%) in the reviparin
group. Only 61 (19.9%) patients in the control group and 50
(16.4%) in the reviparin group developed significant angina
requiring repeat coronary angioplasty, indicating that a certain
percentage of patients had aymptc matic restenosis. The occur-
rence of death and myocardial infarction was an infrequent
event (2.6% in the control group [13 patients] and 4.5% (8
patients] in the reviparin group). Subsequent revascularization
with bypass surgery or angioplasty was performed in 69
(22.6%) of the patients in the control group and in 82 (26.8%)
of the paticnts in the reviparin group.

However, acute cvents during or immediately after the

procedure” (day 1) occurred in 12 (3.9%) patients in the -
reviparin group and in 25 (8.2%) of the control group (RR -
0.49,95% C1 0.26 10 0.92, p = 0.027) (Fig. 1). Emergency stent.

implantation in the acute stage was diffcrent in the two groups

(21 patients in the control group vs. 6 in the reviparin group;
RR 0.29. 95% Cl 0.13 to 0.66, p =
balloons in the event of TIMI perfusnon grade 0 or 1 after
angloplasty were used in 16 pauents in the control group and

0.003). Autoperfusion -

in Y in the reviparin group (RR 0.519.957 C1 0.24t0 1.12.p =
(1L096). Nonfatal myocardial infarction occurred in three con-
trol group patients and four reviparin group patients subse-
quently after PTCA. and an emergency repeat PTCA was
performed in on¢ control group ana two reviparin group
patients. Analysis of primary end points after 30 weeks was
additionally done for the per protocol clinical group. Major
clinical events occurred in 64 patients (30%) in the control
group and in 72 patients (31.7%) in the reviparin group (RR
1.03. 95% CI 0.78 to 1.36, p = 0.84).

Angiographic analysis. The change in minimal lumen and
reference diameters before and after PTCA and at the
6-month follow-up visit were assessed for all patients in whom
follow-up angiography was available (n = 514). The mean
acute gain in minimal lumen diameter was (.84 mm for the
control group and (.88 mm for the reviparin group. The mean
late loss in minimal lumen diameter was (.25 and (1.29 mm,
respectively (p = .55, analysis of covariance). The cumulative
distribution of the minimal Jumen diameter before and imme-
diately after PTCA and at follow-up angiography likewise
showed no difference between the two groups and followed a
gaussian distribution.

Bleeding complications. No substantial differences were
found in the rate of major bleeding complications: 8 patients
(2.6%) in the control group vs. 7 patients (2.3%) in the
reviparin group (RR 0.88, 95% CI 0.32 1o 2.41, p = 0.8). All
major bleeding episodes occurred within 35 days after PTCA.
There was one episode of intracerebral and one of intraocular
bleeding in the reviparin group, and all except three major
blecding cpisodes in the control group occurred at the femoral
arterial entry sheath (Table 9).

Discussion
The results of the  present study dcmonslratc that rcwpann

- did not reduce adverse clinical outcome or the occurrence of
‘angiographic restenosis compared with unfracnonatcd heparin/
- placebo over a period of 6 months.

- Effects of heparin and its low molecular weight fractions.
Heparin is used routinely during angioplasty to reduce the risk
of a thrombotic abrupt vessel closure. However, it is also well
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Table 4. Primary Clinical End Points in Treatment Groups

UFH:Placcho Revipatin Total
(n = 306) (n = 6) (n = 61) )
Event [LAN Y fna. (7] o (7)) p Value!
Primary end point 98 (32.1) 102(33.3) 2327 0707
Occurring on PTCA day
Death Rty (] um —
Nonfatal MI J(LN 1(1.3) T 1673
Repeat PTCA 13 20N I 0642
CABG 0100y ¢y 0y —
Rescue stent implantation 21 {69) 6(2.1) 2744 0003
Occurring after PTCA day
Death 1(03) 1(0.3) 203) 0.995
Nonfatal MI 4(1.3) R(2.6) 12020 0.240
Repeat PTCA 62 (0.9 74(24.0) 136222 0.245
CABG 6(20) 7(23) 3@2n 0.732
Unknown end point statust R(2L6) (1 11(1.8) 108

“Mantel-Haenseel test. adjusted for center. tCounted as suocess. CABG = coronary artery ypass grafting: PTCA =
percutancous transluminal coronary angioplasty: other abbreviations as in Table 1.

known, at lcast in the experimental setting, to have antiprolif-
erative actions that may be useful in the prevention of reste-
nosis (25-29). Cell culture data demonstrated that the dose-
dependent antiproliferative properties of low molecular weight
heparins are more potent and are basically independent of
their ability to bind antithrombin II (29). Although the exact
mechanism of action of heparin and its low molecular weight
fractions for prevention of cell proliferation is not fully under-
stood, the antiproliferative effect of heparin and its analogues
appears to be due to the inhibition of thymidine and uridine
uptake by smooth muscle cells (26). It is assuined that the
glycosaminoglycans provide an important cell regulatory action

Figure 1. Plot of occurrence of clinical cvents (end points) in the
unfiactionated heparin (UFH)/placebo an:d reviparin groups within
210 days of PTCA.

 Patients whout clinkcal endpoinfs (%)
2

T ot : H LR ST

[

D. 20 4060 B0 100 120 140 160" 180 200 220

" Days

within the arterial wall (27). Reviparin. a low molecular weight
heparin, differs from unfractionated heparin in a number of
ways (3). It is generated from heparin by chemical depoly-
merization and has an average molecular weight of 4,300
daltons. The depolymerization process produces widely differ-
ent products with differences in their microstructure, anti-
thrombin I1I affinity and the degrec of sulfation. Because of the
shorter chain length, it has approximately three times more
anti-Xa activity than anti-1la activity in contrast to the 1:1 ratio
for heparin,

Experience with heparins in reducing restenosis. Attempts
to modify the fibroproliferative response due to angioplasty by
pharmacologic interventions have yielded very limited success.
Ellis et al. (31) reported that an 18- to 24-h infusion of heparin
after PTCA did not prevent restenosis in a randomized trial. In
one study (32) using fragmin, a low molecular weight heparin,
a significant trend toward a reduction in restenosis was seen. A
p-eliminary brief report (31) of a randomized trial of 10,000 U
oi subcutancous heparin once daily compared with placebo
was discontinued because of a high incidence of adverse events
and angiographic restenosis. One report (33) has cven sug-
gested that heparin treatment may promote restenosis. Enox-
aparin in a dose of 40 mg/day subcutancously for 1 month did
not reduce the incidence of angiographic restenosis or the
occurrence of clinical events over 6 months (34). ‘

Study design. In view of this previous experience, several
aspects of the REDUCE trial are noteworthy. The selection of

- . patients with single-lesion dilation was designed to avoid

confusion resulting from differences in per patient and per
lesion results. Patients with restenosis or myocardial infarction

within 14 days of PTCA were ‘excluded to first define the
~impact of the substance in a population with comparable
- pathophysiologic substrates. The pharmacologic regimen was
" based on similar experimental designs, and the dosage was

adjusted according to the dosage that resulted in a significant
reduction of smooth muscle cell proliferation in the experi-
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Tabk 5. Blccdmg Compllcatmns and lnjccnon Site Hcmorrh.:gg in lmmlmn to Treat Cuhon

" UFHPlacebo’. - Reviparin “Total
: (n = k) (n = 36) (n = bl2)° \
Event o R B {no. (%)) *ne (7Y p Value*
“.I]u! hlu.dmg within- 3§ days after FTCA R(2.6) 7(23) 1828 - 08
Injection site hemorrhage 6 (R.5) 12¢39) - N (6. 0063
Decrease in hemoglobin 22 gdbt 62(203) B 97 (15.8) a2

*Mantel-Haenszel test, controlling for center. 1Twenty-one patients (12 in the unfractionated heparin placebo group.
Y in the reviparin group) with missing laboratory data. Abbreviations as in Tables | and 4

mental setting (16). Despite the high dosages necessary for the
amiprohfnmmm affect the cuhstance wac well tolerated at this

TiveMIl e Wiy

dosage. without the occurrence of increased bleeding compli-
cations. It is of major clinical interest that no monitoring was
needed to follow the treatment with reviparin. According to
the experimentally documented time course of smooth muscle
cell proliferation after vascular injury (8). a specific delivery
protocol was adopted. Because the process of smooth muscle
cell proliferation begins with the onset of injury and continues

for at Icast 2 weeks, treatment with reviparin was started carly

and was maintained for a sufficient length of time.

Reasons for lack of benefit. There are many potential
reasons for the lack of an effect of reviparin on restenosis: 1)
Systemically or subcutaneously injected doses might not have
been sufficient to reduce the local arterial proliferative actions.
To further evaluate this option. local application with specific
local delivery systems (35-37) as well as trials using heparin-
coated stents (38) are in the experimental and early clinical
stages. 2) The lack of benefit to date shown in nearly all clinical
trials of drugs to prevent restenosis that previously were shown
to be effective in animal models also raises concerns about the
validity of the animal models used to study the restenosis
process. 3) Chan et al. (39) have found that cells from patients

with restenosis (both restenotic lesion and undiseased vessels)

showed significant lower sensitivity to growth inhibition by
heparin than control cells (p < 0.001). This relative heparin
resistance of human vascular smooth muscle cells may explain
why pharmacologic agents that inhibit ncointimal proliferation
in-animal models have failed to prevent human vascular
restenosis. In a recent study (40), low molecular weight heparin
given in high doses has been ineffective in inhibiting smooth
muscle cell proliferation in a baboon model of angioplasty. It is
propuosed that the lack of an effect in primates might reflect the
presence of a heparin-insensitive pathway of smooth muscle
cell activation, possibly through platelet-derived growth factor.
4) Restenosis is a multifactorial process, including such factors
as vessel recoil and fibrotic contraction, and attempts to prevent

it by a single agent focused on a single process may be inadequate..
Acute results. The administration of reviparin as a bolus
and infusion resulted in 2 52% reduction in the composite

acute cvent rate, pnmarlly in the need for stent implantation as
a rescue procedure and in the use of autoperfusion batloon

catheters. However, this finding must be counted as an addi-
tional observation because early events and acute complica-

tions of PTCA were not designed as an end point of the study.

The rather low incidence of 3.9% of early events in the present
study is comparable to that found in the Hirudin in a European
Restenosis Prcvention Trial Versus Heparin Treatment in
PTCA Patients (HELVETICA) study (41), which compared
the effects of recombinant hirudin as an adjunctive therapy
with angioplasty with placcbo. A recent trial using a monoclo-
nal antibody directed against the platelet glycoprotein 1Ib/Alla
receptor (Evaluation of I1b/ITla Platelet Receptor Antagonist
7E3 in Preventing Ischemic Complications [EPIC] study [42])
suggested that platelet thrombosis plays an important role in
the abrupt closurc of coronary lesions treated by angioplasty.
The positive effect of reviparin on the early adverse outcome
after PTCA may be due to improved antithrombotic properties
compared with those of standard heparin (11,12).
Conclusions. The ability of reviparin to inhibit vascular
smooth muscle growth in vitro and to limit myointimal hyper-
plasia in animal models of vascular iniury is well documented.
However, in the present randomized, controlled study, revipa-
rin given at a very early stage of vascular injury, in dnsages
equal to those used in the animal studics and administered for
a sufficient length of time, did not reduce the incidence of clinical
restenosis. Explorative analysis revealed a 52% reduction in the
acute-phase adverse outcome, revealing a diminished need for
immediate subsequent coronary revascularization procedures.

Appendix

Principal Investigaiors, Participating Clinical Units,
Core Laboratories and Coordinuting Centers for the
REDUCE Trial

Germany: K.R. Kurxh, MD, M.D. Preisack. MD, University Medical
Center, Tubingen: M. Kaltenbach, MD, Johann W, Gocthe University Hospital,
Frankturt; W. Rudolpk, MD, Dcutsches Herzzentrum, Munich. Framce: |
S, Makowski, MD, Hospital Broussais, Paris; J. De Bourayne, MD, Hospital Gu
Val-de-Grace, Paris; R. Faivre, ME, Clinique St. Vincent, Besancon; K. Khalife,
MD, CH.R. Hopital Bon Secours, Metz, J. Marco, MD, Qlinique Pasteur,

Toulouse; C. Spaulding, MD. Hospital Cochin, Paris; P.G. Steg, MD, Hospital

Bichat, Paris. Belgimm: P. Chenu, MD, Clinique Universit¢ de Mont-Godinne.
Canada: R. Bonan, MD, Institut de Cardiologic. Montreal; A. Adclmann, MD,
Mount Sinai Hospital. Toronto; R. MacDonald, MD, Saint Johns Regional
Hospital, Saint John's: B. O'Neill, MD, Victoria Hospital, Halifax. Engiand:
M.F. Shiu, MD, Walsgrave Hospital, Coventry; R. Balcon, MD. The London
Chest Hospital, London: S.8. Furniss. MD, Freeman Hospital, Newcastle-upon-
Tyne: A.H. Gershlick. MD, Glenfield Hospital, Leicester. Spain: E. Garcia, MD,

. Hospital Generat Gregorio Maranon, Madrid; C. Macaya, MD, Hospital Clinico
" San Carlos. Madrid. Italy: A. Bartorelli. MD. University of Milan/Institute of

Cardiology, Milan: S. Curctlo, MD, University of Brescia, Brescia: F. Orzan, MD,
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