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Late-Breaking Trials
C O N F E R E N C E  C O V E R A G E

These studies were presented at the American College of Cardiology
50th Annual Scientific Session held in Orlando, Fla, March 18-21,

2001. The reports are based upon hand notes taken at the conference
presentations. No written reports were available.

CURE Trial

The clopidogrel in unstable angina trial to prevent
Recurrent Events (CURE) was designed as a randomized, dou-

ble-blinded multicenter study to compare the safety and efficacy of
the combination of aspirin and clopidogrel with aspirin alone in the
treatment of acute coronary syndromes. A total of 12,562 patients
were randomized to standard dose aspirin or standard dose aspirin
with a loading dose of 300 mg of clopidogrel followed by 3-6
months of 75 mg daily. Inclusion criteria included patients admitted
to the hospital with onset of symptoms consistent with an acute
coronary syndrome within 24 hours, ECG’s consistent with new
ischemia, and elevated cardiac enzymes (CPK-MB or troponin T/I).
Exclusions included ST elevation, IIb/IIIa inhibitors within 3 days,
contraindications to anticoagulation, patients at high-risk for bleed-
ing complications, and PCI or CABG within 3 months. The primary
end point was a composite of cardiovascular death, myocardial
infarction (MI), or stroke. The secondary end point was recurrent
ischemia. Concurrent medications in both groups included aspirin
in 99%, beta-blockers in 78%, low molecular weight heparin in
56%, unfractionated heparin in 44%, ACE inhibitors in 50%, and
calcium channel blockers in 26%. 

The composite primary end point of death, MI, or stroke was
reached in 11.4% of the patients receiving clopidogrel and 13.6%
of patients receiving ASA alone with other standard therapy. This
was an absolute risk reduction of 2% with a relative risk reduction
of 18%, which was statistically significant (P = .0005). The break-
down in events was death reduced by 0.43%, MI by 1.4%, and
stroke by 0.2%. The secondary end point of recurrent ischemia was
reduced by 2.3% or a relative risk reduction of 14% (P = .0004).
The beneficial effect was seen in all patient subgroups at 2 hours.

EDITOR
Michael H. Crawford, MD
Robert S. Flinn Professor
Chief of Cardiology
University of New Mexico,
Albuquerque

EDITORIAL 
ADVISORY BOARD
Jonathan Abrams, MD
Professor of Medicine
Division of Cardiology
University of New Mexico,
Albuquerque
John DiMarco, MD, PhD
Professor of Medicine
Division of Cardiology
University of Virginia,
Charlottesville
Bernard J. Gersh, MD
Professor of Medicine
Mayo Medical School
Rochester, MN
Attilio Maseri, MD, FRCP
Institute of Cardiology
Catholic University
Rome, Italy
Gerald M. Pohost, MD
Professor of Medicine
University of Alabama
Medical School
Birmingham, AL
Sarah M. Vernon, MD
Assistant Professor of 
Medicine
Director, VAMC Cardiac
Catheterization Laboratory
University of New Mexico
Health Sciences Center
Albuquerque, NM

SPECIAL CLINICAL
PROJECTS
Gideon Bosker, MD
Assistant Clinical Professor
Section of Emergency 
Services
Yale University School 
of Medicine

EDITORIAL
GROUP HEAD
Glen Harris

MANAGING EDITOR
Robin Mason

COPY EDITOR
Melissa Lafferty

American Health Consultants Home Page—http://www.ahcpub.com CME for Physicians—http://www.cmeweb.com

Volume 20     •     Number 5     •     May 2001     •     Pages 33-40

Acute Coronary Syndromes— 

Exclusive Supplement Inside

NOW AVAILABLE ONLINE! 
Go to www.ahcpub.com/online.html for access.



There was an increased risk of major bleeding defined as
life-threatening, associated with hypotension or requir-
ing blood transfusion in 3.6% of the clopidogrel group
vs. 2.7% of the aspirin group. This reached statistical
significance. There was also a statistically significant
increased risk of minor bleeding. The investigators con-
cluded that the treatment of 1000 patients with cloprido-
gel and aspirin for a mean of 9 months will prevent 28
major events in 23 patients at a risk of 3 major or life-
threatening bleeds.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
This is compelling data in an environment where

small absolute reductions in cardiac events continue to
improve outcomes in acute coronary syndromes. Though
the absolute change is small, the impact is great. In fact,
the magnitude of improvement was more than achieved
with tissue plasminogen activator versus streptokinase in
acute MI. However, the issue of whether to use it in all
acute coronary syndromes is not clear. Many of these
patients in this trial would fit into the group of patients
that have a clear indication for IIb/IIIA inhibitors, but the
majority of patients in this trial were enrolled ouside the
United States where IIb/IIIa inhibitor use is not as preva-
lent as it is here. We do not know if there is an additive
beneficial effect in these patients who almost certainly
would receive a IIb/IIIa inhibitor in the United States.

Additionally, those already on IIb/IIIa’s were excluded
from the trial. We do know that it is safe to use all 3
agents and do so in many patients undergoing percuta-
neous revascularization with stents. Clopidogrel should
not be substituted for IIbIIIa’s, as it has a different effect
and the data to support this substitution are not available.
Perhaps we will eventually be able to further risk stratify
patients to those who would benefit most from each
strategy. Also, the use of clopidogrel in acute MI treated
with thrombolytics should be approached with caution.
We do not have safety data and the increased risk of
bleeding may prove to be prohibitive. Stent trials suggest
this may be a safe strategy in acute coronary syndrome
patients treated with primary angioplasty, but patients
who eventually need surgical revascularization may be at
increased risk for bleeding. Many surgeons are reluctant
to operate on patients on combination therapy. Thus,
clopidogrel should be used in unstable angina patients,
especially those deemed to be at high risk. The benefit is
seen at 2 hours and clopidogrel should be given early
with a loading dose of 300 mg. Concommitant use with
IIb/IIIa inhibitors needs to be explored further. Use in
the early stages of acute MI with thrombolytics is not
recommended.   ❖

COPERNICUS

“The CarvedilOl ProspEctive RaNdomized
Cumulative Survival” Trial

This study was initially reported at the euro-
pean Society of Cardiology meeting in Amsterdam

in August 2000, some months after the data and safety
committee recommended trial cessation due to a strong-
ly favorable outcome in the carvedilol arm. COPERNI-
CUS enrolled patients with class IV heart failure and an
ejection fraction (EF) of less than 25% who had symp-
toms of heart failure (HF) at rest or with minimal exer-
tion despite conventional therapy, including an ACE
inhibitor. A total of 2289 patients were randomized to
carvedilol or placebo, with initial dosage of 3.125 mg
b.i.d. increasing to 25 mg b.i.d. over a 12-week period.
Baseline ejection fraction was 20% in both groups; 60%
of individuals had been hospitalized for HF within 1
year before enrollment. The primary end point of total
mortality was decreased by the beta blocker, 35% risk
reduction (P = .001), at the time of premature cessation
of the study (patients followed up to 29 months). Sec-
ondary end points were also decreased, including total
mortality plus all hospitalizations (decreased 24%), CV
hospitalization (23%), and HF hospitalization (31%).
The secondary end points were the subject of this report
by Dr. Milton Packer. In addition to the decrease in HF
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hospitalizations, length of stay was reduced. Kaplan-
Meier curve separation began by 2 months of therapy.
There was a lower use of echocardiography and intra-
venous inotropic therapy in the beta-blocker patients.
Side effects were predominately dizziness and bradycar-
dia. The placebo cohort had more HF, atrial fibrillation,
angina, and sudden death. There was no increase in
worsening HF in the carvedilol patients. Three-quarters
of the carvedilol patients were able to tolerate the target
dose. A retrospective analysis of the highest risk patients
indicated comparable or greater decreases in hazard
ratios with carvedilol in the primary end point.  ❖

CAPRICORN Trial

“The Carvedilol Post-Infarct Survival Control
and Left Ventricular Dysfunction”

This international study, presented as a late-
breaking trial by Dr. Henry Dargie from the Univer-

sity of Glasgow, asked whether routine use of carvedilol
in the post-infarction patient would improve survival
and need for hospitalizations. This is the first post-
myocardial infarction (MI) trial to use a beta blocker in
the lytic and direct angioplasty era. Carvedilol or place-
bo was added to an ACE inhibitor in 1959 patients who
had a recent MI and a decreased ejection fraction of less
than 40%. Signs and symptoms of heart failure were not
mandatory for enrollment. The drug was up-titrated, as
in COPERNICUS, and the trial lasted for a total of 1.3
years. The trial stopping point was predetermined by a
specific number of events. Patients were randomized an
average of 10 days after admission, and after at least 48
hours of ACE inhibitor. The primary end point was all-
cause mortality. Secondary end points included mortali-
ty and hospitalization for heart failure, MI, and sudden
death. There was a substantial reduction in mortality of
23% (15% placebo, 12% carvedilol; P = .03) but no sig-
nificant reduction in the co-primary end point of all-
cause mortality and cardiovascular hospitalization
(37%, 35%, respectively). Nonfatal MI was decreased
by 41% (P = .02); all-cause mortality plus infarction
were reduced by 29%; P = .002. Baseline parameters
included a mean ejection fraction of 32% and reperfu-
sion therapy in 45%. A total of 86% of the individuals
were on aspirin, and 98% were on an ACE inhibitor.
Three-quarters or more of the patients reached the high-
est dose of carvedilol or placebo; curve separation
began at 6 months and continued throughout the study.
In conclusion, carvedilol in post MI patients on an ACE
inhibitor decreased major coronary events of death and
MI, but not hospitalization for congestive heart failure
or sudden death. 

■ COMMENT BY JONATHAN ABRAMS, MD
These studies augment the already robust beta blocker-

heart failure data base. COPERNICUS confirms that a
beta blocker, at least carvedilol, can be given to patients
with severe symptomatic heart failure with surprising tol-
erability. This study extends the use of these drugs from
class II-III CHF, as previously supported by MERIT- HF,
CIBIS-II, and the multiple carvedilol trials in the litera-
ture, to very ill patients. Meta-analyses of all of the pub-
lished beta blocker studies confirm an adjusted reduction
in mortality of approximately 30%; the large majority of
patients in these trials were class II-III. These results
appear valid for a variety of beta blockers, and in dilated
or ischemic cardiomyopathy. It is now accepted that the
standard of practice in mild-to-moderate heart failure is
to add a beta blocker in addition to ACE inhibition. Beta
blockers result in reverse LV remodeling, with improve-
ment in LVEF and reduction of LV dimensions, as well
as reduced cardiovascular death and hospitalization for
heart failure. CAPRICORN indicates that advanced heart
failure, a beta blocker (or at least carvedilol), can be given
safely, with a reduction of total mortality and need for
hospitalization. One beta blocker trial (BEST) was not
positive, and this trial suggested that there may be racial
differences in the response to beta blockers. It remains
unclear as to whether there really is a “winner” in the
choice of beta blockers, as head-to-head comparisons are
not yet available. The COMET trial is testing metroprolol
vs. carvedilol and is ongoing.  ❖

MIRACLE Trial

The multicenter in-sync randomized clinical
Evaluation (MIRACLE) study examined the func-

tional capacity and quality of life in 266 patients treated
with the Medronic In-Sync system. The patients were in
stable New York Heart Association (NYHA) class III or
IV and had ECG QRS greater than 130 m/sec, ejection
fraction less than 35%, and left ventricular diastolic
diameter greater than 55 mm. All patients had right and
left (coronary sinus) ventricular pacing systems
implanted with a 93% success rate, but half were ran-
domly assigned to no pacing for 6 months, at which
time synchronized pacing was initiated. The heart fail-
ure specialist caring for the patient was blinded to the
pacing mode. The 6-month results showed that compli-
cations of the pacing system were within the 20% crite-
ria set. The 6-minute walk test and quality of life were
significantly greater with pacing (P < .02) despite a
large placebo effect. NYHA class increased almost 1
grade and 65% of the paced patients were in class I or II
vs. 30% of the nonpaced patients. Treadmill exercise
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duration increased about 100 seconds in the paced
group but remained unchanged in the nonpaced group.
Left ventricular end-diastolic dimension decreased
about 0.5 cm and ejection fraction increased 0.06 units
(P < .001) but were unchanged in the nonpaced. A com-
posite clinical end point improved in 63% of the paced
vs. 38% of the nonpaced patients (P < .001). The inves-
tigators concluded that in NYHA class III-IV heart fail-
ure patients with low ejection fraction and dilated left
ventricles, synchronized pacing resulted in improve-
ments in quality of life, exercise capacity, NYHA class,
and cardiac structure and function. Also, the In-Sync
system was safe and well tolerated.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
The results of this study are consistent with a

French study published in March.1 However, the
French study reported on 67 patients with QRS dura-
tion greater than 150 m/sec. The present study seems
to lower the QRS duration range to 130 m/sec, but it
would be interesting to know how many patients bene-
fited with QRS 130 to 150 m/sec. Also, the French
groups success rate with implanting the left heart lead
was only 88%, lower than the In-Sync study. Thus,
despite the technical complexity of biventricular pac-
ing, it appears beneficial in severe heart failure
patients with intraventricular conduction delays. How-
ever, both studies were short-term (3-6 months), so
long-term studies are necessary before jumping on this
bandwagon.  ❖

Reference
1. Cazean S, et al. N Engl J Med. 2001;344:873-880.

Beta-Cath System Trial

Beta-radiation has been shown to be effective
for the treatment of in-stent restenosis. This study

was designed to evaluate beta-radiation to de novo
coronary lesions undergoing primary angioplasty or
stenting. A 30 mm Sr90 beta radiation system was
used. Between July 1997 and September 1999, 1100
patients undergoing PTCA were enrolled. Patients
were divided into optimal and suboptimal results of
original angioplasty. Each group was then randomized
to Sr90 vs. placebo. The suboptimal group underwent
provisional stenting. The optimal group underwent
stenting as needed. Primary end points were death,
myocardial infarction (MI), and target vessel revascu-
larization. Secondary end points were restenosis, min-
imal lumen diameter, and late lumen loss. In Novem-
ber 1998, the data safety monitoring board deter-

mined that there was an increased rate of late stent
thrombosis, and the board recommended 60 days of
clopidogrel therapy. This created a third branch of
452 patients on 60 day antiplatelet therapy. All
patients had single vessel disease and 2.7-4.0 mm ves-
sels. Patients with vessel diameter 2.6-3.2 mm had
16.1 Gy inflations, and those with vessel diameters of
3.3-4.0 mm had 27.7 Gy. 

Angiographic follow-up was obtained in 80% of
patients and 90% had clinical follow-up. There was
no significant difference for the primary end points.
There was a 7% incidence of late thrombosis in the
stent cohort vs. less than 1% in the angioplasty
groups, all of whom were treated with the standard of
2-4 weeks of clopidogrel. In the cohort treated with
60 days of clopidogrel, the incidence of late stent
thrombosis was approximately 1% (equal to placebo).
For all patients in the stent cohort, there was a 39%
increase in target lesion revascularization (TLR), a
54% increase in target vessel revascularization
(TVR), and 60% increase in the primary end points at
8 months follow-up. (P = .001). In the angioplasty
group, there was an overall 35% decrease in TLR,
20% in TVR, and 30% decrease in the primary end
points in the angioplasty group. The definition of
lesion segment vs. analysis segment was presented;
the analysis segment is the entire area undergoing
radiation with the addition of 5 mm at each end of the
lesion segment. Angiographic follow-up in the stent
group demonstrated a 36% reduction in restenosis in
the lesion segment; however, when the analysis seg-
ment was looked at, there was a 21% increase in
restenosis. In the angioplasty group, there was 38%
reduction in restenosis in the lesion segment (P =
.003) and a 14% reduction in the analysis segment
(NS). When only a lesion segment was used, there
was a reduction in target vessel revascularization fail-
ure and the primary end points in the stent group.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
The overall results in the stent group were disap-

pointing, but the investigators thought that there may
be technical reasons for this lack of success. Apparent-
ly, the ribbon of radioactive beads is difficult to place
exactly where it needs to be—so called geographic
miss. Also, if the stent does not fully cover the lesion,
radiation may be less effective at preventing resteno-
sis—the so called edge effect. However, there was sig-
nificant benefit in the angioplasty group, which was
surprising. It is difficult to know what to do with the
latter findings, since not many interventionalists wish
to return to angioplasty only. 
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The “STENT or SURGERY”Trial (SoS)

This study was designed to compare coronary
artery bypass graft (CABG) surgery vs. percuta-

neous coronary intervention (PCI) with stents in patients
with multivessel coronary artery disease (CAD). In 56
centers in Europe and Canada, 988 patients who were
candidates for either CABG or PCI by consensus judg-
ment were randomized to either therapy; 488 patients in
the PCI arm and 500 patients in CABG arm. In the PCI
group, 1 patient died and 7 patients underwent CABG,
leaving 480 patients. In the CABG group, 2 patients
elected not to undergo treatment, and 11 patients had
PCI, leaving 487 patients. Analysis was conducted on an
intention-to-treat basis. The follow-up was 1-4 years,
with a median of 2 years. There was 100% clinical fol-
low-up at 1 year. The mean age was 61 years old and
24% of patients were hospitalized with acute coronary
syndromes. Also, most had multivessel disease. In
patients undergoing PCI, 85% had a single-stage proce-
dure. The mean number of vessels was 2.2, and the mean
number of lesions was 2.9. Success rate was 94%. Mean
number of stents used was 2.5, (range, 0-8). A total of
54% of patients were left with at least 1 stenosis after
treatment. In the CABG group, the mean number of
grafts was 2.8, 93% of patients had a left internal tho-
racic artery graft, and 14% of patients had at least 1 ves-
sel with disease after treatment. 

All-cause mortality was 4.1% in the PCI group vs.
1.2% in the CABG group, which was statistically signif-
icant. Cardiac death was 1.6% in the PCI group vs. 0.6%
in the CABG group. There were 8 cancer deaths in the
PCI group and 1 cancer death in CABG group resulting
in a hazard ratio of 3.5 (P = .007) for all-cause mortality.
There was no significant difference in the rate of nonfa-
tal Q-wave MI between groups. There was a 20% revas-
cularization rate in the PCI group vs. 5.8% in CABG
group (hazard ratio 3.1; P = .001).

■ COMMENT BY MICHAEL H. CRAWFORD, MD
Although there was a significant decrease in mortality

and revascularization rate in patients undergoing CABG
vs. PCI, there were several problems with this study.
First, there was the relatively low mortality rate for
CABG in this study (1.2%). In addition , the 8 deaths in
the PCI arm due to cancer vs. 1 in the CABG arm may
have skewed the total mortality results. However, cardiac
mortality was still significantly different between groups,
but the absolute difference was small (1%). Also, the
completeness of revascularization was markedly different
(86% with CABG vs 46% with PCI), which may have
biased the results toward CABG in this multi-vessel dis-

ease patient population. Finally, 36% of the patients had
diabetes, which may predict better results with CABG
based upon other previous studies. This study, although
flawed, was provocative and suggests that CABG may be
preferred therapy for many patients.   ❖

AV Node Ablation 
for Atrial Fibrillation 
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Survival among patients with atrial fibrilla-
tion after ablation of the atrioventricular node is similar
whether they receive ablation or drug therapy and is
strongly influenced by the presence of underlying heart
disease.

Source: Ozcan C, et al. N Engl J Med. 2001;344:
1043-1051.

Ozcan and colleagues reviewed data from
the Mayo Clinic to assess the effects of atrioven-

tricular (AV) nodal ablation and implantation of a per-
manent pacemaker on survival in patients with atrial fib-
rillation. During the period between July 1990 and
December 1998, 350 patients (185 men and 165 women)
underwent AV junctional ablation and had a pacemaker
implanted at the Mayo Clinic. Data from these patients
were then compared to 2 control groups. The first con-
trol group was calculated on the basis of age- and sex-
specific mortality rates for the Minnesota population
during the period between 1970 and 1990. A second
control group was constructed from a group of consecu-
tive patients who received drug therapy for atrial fibrilla-
tion at the Mayo Clinic in calendar year 1993. All patient
data were retrieved from a centralized repository main-
tained at the Mayo Clinic. Follow-up ended in January
1999 or at the time of death. 

A total of 350 patients with atrial fibrillation were
included in the study. Complete AV block was achieved
with radio frequency energy application in all patients.
Seven patients (2%) required a left sided approach. A
repeat procedure, because of the recurrence of AV con-
duction, was required in 24 patients (6.9%). Patients in
permanent atrial fibrillation received a single-chamber
pacemaker (55%) while patients in sinus rhythm at the
time of the procedure received a dual chamber pace-
maker (45%). The age at the time of ablation was 68 ±
11 years. Patients in the ablation group had failed a
mean of 4.3 ± 2 antiarrhythmic drugs. Their mean left

Clinical Cardiology Alert 37



ventricular ejection fraction was 47 ± 17%. Twenty-
seven percent of the patients had suffered a previous
myocardial infarction, and 21% had a history of con-
gestive heart failure. Previous cerebrovascular acci-
dents or transient ischemic attacks had been document-
ed in 19% of the patients. Diabetes mellitus and chron-
ic obstructive lung disease were seen in 20% and 32%
of the ablation patients, respectively. A history of
hypertension was present in 46%. The drug therapy
control group was similar in many respects but did
have a slightly higher percentage of males (66% vs
53%), a lower frequency of prior myocardial infarction
(17% vs 27%), and had failed fewer antiarrhythmic
drugs (2.0 ± 1 vs 4.3 ± 2).

When compared to expected values for age- and sex-
matched members of the general Minnesota population,
survival was significantly worse for the ablation group
due to the increased prevalence of cardiovascular disease
in the latter. There was no difference in survival between
the ablation and the drug therapy groups that had more
similar rates of cardiovascular disease. Similarly, in sub-
groups of patients with congestive heart failure or coro-
nary artery disease, there was no difference in survival
between the group of patients treated with ablation and
the drug therapy group. 

Univariate and multivariate predictors of death were
analyzed. Multivariate analysis showed that previous
myocardial infarction, a history of congestive heart
failure, and the need for cardiac drugs after ablation
were independent predictors of death. However,
among the 121 patients who had no heart failure, no
history of prior myocardial infarction, and were not
treated with cardiac medications after the ablation,
survival was the same as the expected rate in the gen-
eral population. Finally, survival among 26 patients
with lone atrial fibrillation was examined. None of
these patients died during a mean follow-up period of
37 ± 27 months. 

Ozcan et al concluded that survival among patients
with atrial fibrillation after ablation of the AV node is
similar whether they receive ablation or drug therapy
and is strongly influenced by the presence of underlying
heart disease. 

■ COMMENT BY JOHN P. DiMARCO, MD, PhD
Ablation of the atrioventricular node and implanta-

tion of a pacemaker in patients with atrial fibrillation
was first described about 20 years ago. Earlier studies
have shown that cardiac symptoms are decreased and
quality of life improves in highly symptomatic
patients with atrial fibrillation who undergo this pro-
cedure. This study shows that these benefits are not

won at the price of an increased late mortality. 
The comparison with the group of drug-treated

patients is particularly valuable. Ablation of the AV node
is a permanent intervention. The data presented here
suggest that it neither improves or adversely affects sur-
vival. Therefore, if patients remain symptomatic because
of either recurrent episodes of paroxysmal atrial fibrilla-
tion or poor rate control in permanent atrial fibrillation,
AV junctional ablation may be safely used. Rate control
is often a simpler therapeutic strategy, and many patients
cannot be maintained in sinus rhythm with currently
available antiarrhythmic drugs. These drugs also pro-
duce side effects frequently. 

AV junctional ablation with pacemaker implantation
provides a certain method of maintaining ventricular rate
control in patients with atrial fibrillation. If pharmacolog-
ic rate control provides a similar result, then an approach
that assured adequate rate control with anticoagulation
would eliminate any excess mortality associated with
atrial fibrillation. This question is now being addressed in
several large randomized trials including the Atrial Fibril-
lation Follow-up Investigation of Rhythm Management
(AFFIRM) study, which is nearing completion.   ❖

Cost-Effectiveness of the
Implantable Cardioverter-
Defibrillator 
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Implantable cardioverter defibrillator thera-
py is not cost effective by currently accepted standards
for therapy of cardiac arrest survivors and patients with
sustained ventricular tachycardia.

Source: O’Brien BJ, et al. Circulation. 2001;103:
1416-1421.

O’brien and colleagues report a preplanned
economic substudy of the Canadian Implantable

Defibrillator Study (CIDS). This trial was a perspective
comparison of implantable cardioverter defibrillator
(ICD) use vs. amiodarone treatment in patients who sur-
vived an episode of cardiac arrest or sustained ventricu-
lar tachycardia or who had unexplained syncope with
ventricular tachycardia induced at a later electrophysio-
logic study. In CIDS, 659 patients were randomized to
receive initial therapy with either an ICD (n = 328) or
amiodarone (n = 331). During the trial, the annual risk of
death from any cause was 8.3% in the ICD group vs.

38 May 2001



10.2% with amiodarone. This was a 19% reduction in
mortality, which was not significantly different from the
reduction with the ICD observed in 2 other secondary
prevention trials of ICD therapy. The economic substudy
reported here was performed on the first 430 patients
recruited into CIDS.

Patient-specific data were collected on length of hos-
pital stays, ICD implants and generator replacements,
other cardiac surgical or major diagnostic procedures,
outpatient physician visits, and diagnostic procedures.
Resource use was collected from the viewpoint of a
provincial government health care provider at preselect-
ed intervals. Costs for ICD systems were based on cur-
rent Canadian market prices, and other expenses were
based on medical care costs in Southwest Ontario. In the
initial analysis, effectiveness was defined as the gain in
years of life associated with ICD therapy during the trial.
In an additional analysis, the cost-effectiveness of ICD
usage was extrapolated over a longer period and mod-
eled out to 12 years with survival assumptions of either
the benefit continuing, remaining stable, or declining
over time. Costs and survival benefits were discounted at
a rate of 3% per year. 

In CIDS, the mortality rate was 10.2% per year in the
amiodarone group and 8.3% per year in the ICD group
for a relative risk reduction in all-cause mortality of
19.7%. Life expectancy over the 6.33 years of follow-up
was 4.65 years with amiodarone and 4.91 years with
ICD, a discounted difference of 0.23 years. The mean
length of the initial hospitalization was relatively long in
the ICD group (4.7 days of intensive care plus an addi-
tional 12.0 days on the ward). This was longer than the
initial hospitalization in the amiodarone group (2.0 days
of intensive care plus 8.3 days on the ward). After the
initial hospital stay, there were 708 hospital readmis-
sions among 212 ICD patients vs. 584 readmissions
among the 218 amiodarone patients. After the initial
hospital stay, there was a total of 85 ICD generator
implants or replacements in the ICD group as well as 40
ICD implants as patients in the amiodarone group
crossed over to ICD therapy. These implants were ana-
lyzed using an estimated cost for implant in Canadian
dollars (Can$) of Can $39,093 of which Can $22,000
was the cost of the device. Generator replacement costs
were estimated as Can $29,012 per occurrence. 

The initial hospital cost was greater in patients
assigned to an ICD (Can $48,874) than in those given
amiodarone (Can $7,927). Including follow-up costs
over the 6-year period, the cumulative expected cost per
patient was Can $87,715 for ICD patients and Can
$38,600 for amiodarone patients. This translates to an
incremental cost effectiveness of Can $213,543 per life-

year gained with a 95% confidence interval lower
boundary of Can $88,187. A number of factors were
analyzed in a sensitivity analysis. Among patients with
ejection fractions lower than 35%, the incremental cost
for life-year gained was Can $108,484 whereas in those
with ejection fractions ≥ 35%, amiodarone therapy was
dominant. ICD implant therapy still remained fairly
expensive in models if the ICD cost was reduced to
$16,000 and if the total hospital length of stay was
reduced to 5 (or even 1) days. If benefit continued and
the survival curves continued to diverge, the cost
decreased substantially to Can $99,420 per life-year
gained. Even with extrapolation to 12 years follow-up,
ICD remained fairly expensive per life-year gained if the
survival curves remained parallel (Can $118,688) or
converged (Can $149,710).

Finally, O’Brien et al compared their cost effective-
ness data to those reported by Multicenter Automatic
Defibrillator Implantation Trial (MADIT)1 and the
Antiarrhythmics vs. Implantable Defibrillators (AVID)
study investigators.2 In MADIT, a higher event rate and a
greater reduction in mortality resulted in a favorable cost
per life-year gained of Can $39,764. In AVID, the event
rate and risk reduction were closer to those in CIDS and
the cost per life-year gained was Can $169,240. 

O’Brien et al conclude that ICD therapy is not cost
effective by currently accepted standards for therapy of
cardiac arrest survivors and patients with sustained ven-
tricular tachycardia. 

■ COMMENT BY JOHN P. DiMARCO, MD, PhD
The ICD has been shown to improve survival when

compared to medical therapy in the primary and sec-
ondary prevention of sudden cardiac death. However, an
ICD is an expensive medical device and ICD therapy ter-
minates arrhythmia episodes but does not eliminate, and
may increase, future hospitalizations and medical costs.
ICD cost-effectiveness has been analyzed in several tri-
als and, as summarized in this paper, cost-effectiveness
is strongly related to the frequency of events in the target
population. For a general population of patients with
serious ventricular arrhythmias, the cost per life-year
saved of ICD therapy is much higher than is considered
favorable when evaluating other forms of therapy.

If we accept that the improvement in survival seen
with the ICD should be maintained, how can ICD cost-
effectiveness be improved? One approach would be to
offer an ICD only to those predicted to have the highest
risk of recurrent events. As shown in MADIT and in a
pooled analysis of data from CIDS, AVID, and the Car-
diac Arrest Study Hamburg,3 events are more frequent
and ICD benefits more marked in patients with the most
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severe left ventricular dysfunction. However, these
patients also have higher hospitalization and mortality
rates due to heart failure, and total costs are likely to
remain high.

An alternate approach would be to try to drive down
the costs of ICD therapy. This could be done in several
ways. One approach is to extend battery life so that the
devices last longer. Although the manufacturers have
made significant strides in this area, they have been lim-
ited by the simultaneous desire to decrease device size.
Since the battery occupies a large fraction of the ICD’s
volume, these goals are in conflict. Improvements in
defibrillation technology, which would permit routine
use of lower defibrillation energies, will be necessary to
solve this problem.

A more attractive alternative would be to change the
way in which ICD’s are manufactured, marketed, and
supported. Until now, manufacturers have competed
aggressively to incorporate the latest enhancements into
their ICD stock. New models are released several times
per year. Since device and software changes are so fre-
quent, extensive support by manufacturers’ representa-
tives is required by most implanting centers. This rapid
model turnover was accepted by physicians since size
and functionality improvements have been dramatic.
However, future changes are unlikely to result in such
important clinical differences and a lower cost unit that
did not require extensive support could make ICD thera-
py much more cost-attractive. This will be particularly
important if ICD therapy is going to become a standard
approach for both the primary and secondary prevention
of sudden death.   ❖
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1. Mushlin AI, et al. Circulation. 1998;97:2129-2135.
2. Larsen GE, et al. Circulation. 1997;96:(Suppl 1):77A.
3. Connolly SJ, et al. Eur Heart J. 2000;21:2071-2078.

CME Questions

17. In patients with unstable angina or non-ST elevation, MI clopi-
dogrel added to aspirin and heparin did which of the following?
a. Reduced cardiac events further
b. Was superior to adding 11b/111a agents
c. Reduced major bleeding events
d. Reduced minor bleeding events

18. Carvedilol plus ACEI in post MI patients did which of the 
following?
a. Reduced mortality and all-cause hospitalization
b. Reduced all-cause mortality
c. Reduced nonfatal recurrent MI
d. b and c

19. Ventricular synchronization pacing in selected heart failure
patients did which of the following?
a. Increased quality of life
b. Increased exercise capacity
c. Improved LV structure and function
d. All of the above

20. Beta-irradiation of de novo coronary lesions undergoing PCI:
a. reduces major adverse cardiac events in stented patients.
b. reduces major adverse cardiac events in angioplasty patients.
c. reduces in-stent thrombosis.
d. All of the above

Attention Subscribers
Enclosed with this issue is a special report on Acute

Coronary Syndromes. This report was originally pub-
lished in Emergency Medicine Reports, Nov. 20, 2000,
volume 21, number 24, and we thought it would be of
interest to our readers. Emergency Medicine Reports is
edited by Gideon Bosker, MD, FACEP, Special Clinical
Projects and Medical Education Resources; Assistant
Clinical Professor, Section of Emergency Services, Yale
University School of Medicine; Associate Clinical Pro-
fessor, Oregon Health Sciences University.Look for the
third bonus report inserted with the June issue. As
always, we welcome your questions and comments.   ❖
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Acute Coronary Syndromes (ACS):
Outcome-Optimizing Treatment 

Guidelines for Patients With and Without 
Procedural Coronary Intervention (PCI) 

Part II: Evidence-Based Analysis of Antithrombin Therapy—
Standard Heparin vs. Low Molecular Weight Heparins

Author: Kurt Kleinschmidt, MD, FACEP, Assistant Professor, University of 
Texas Southwestern Medical Center, Dallas; Associate Director, Department 

of Emergency Medicine, Parkland Memorial Hospital, Dallas, Tex.

Peer Reviewer: William J. Brady, MD, Associate Professor, Program Director,
Department of Emergency Medicine, University of Virginia, Charlottesville, Va.

Editor’s Note: Gideon Bosker, MD

Editor’s note—coronary heart disease (chd) remains the principal cause of
mortality in the United States. Among acute coronary syndromes (ACS), acute

myocardial infarction (AMI) is the leading single cause of death, with more than 1.5 mil-
lion cases and more than 500,000 associated deaths per year. Of the more than 95 million
annual visits to the emergency department in the United States, nearly 8 million (8.4%)
are due to chest pain. Not all of these patients, however, suffer from AMI; in fact, approx-
imately 3 million of these individuals will have a noncardiac diagnosis. Of the 5 million
patients with a probable cardiac etiology, 20% will have an AMI, 16% will have unstable
angina (UA), and 6% will die suddenly from a variety of causes.1

In part one of this three-part series, Kleinschmidt examined the role of antiplatelet
agents (e.g., aspirin, adenosine diphosphate [ADP] receptor antagonists, and glycoprotein
IIb/IIIa inhibitors) in the management of patients with ACS, both with and without proce-
dural coronary intervention (PCI). Relative advantages and disadvantages of specific
agents within each class were discussed, and a strategy for sequenced, targeted use of
antiplatelet drugs within the treatment pathway for ACS was outlined in detail.

In this issue, the principal focus is on antithrombin agents, direct thrombin inhibitors,
standard (unfractionated) heparin (UFH), and low molecular weight heparins (LMWHs).
Although both types of heparin are currently used for managing ACS, there is mounting
evidence that superior outcomes can be achieved with the use of certain LMWHs in UA
patients. In addition, it should be stressed that UFH has several disadvantages as an
antithrombotic agent. At therapeutic levels, UFH can lead to thrombin formation by acti-
vating platelets. Also, thrombin generation has been reported after discontinuation of UFH. 
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UFH is difficult to administer, requiring continuous
intravenous infusions and frequent monitoring of activat-
ed partial thromboplastin (aPTT). Finally, the incidence
of heparin-induced thrombocytopenia (HIT) is signifi-
cant, and is more common in patients receiving GP
IIb/IIIa antiplatelet receptor inhibitors.

To circumvent the limitations and pitfalls of UFH—
and also to evaluate the possibility of improving patient
outcomes in ACS—LMWHs such as enoxaparin have
been intensively studied as an evidence-based replace-
ment for UFH in patients with UA and other acute coro-
nary ischemic syndromes, including Non-ST Elevation
Myocardial Infarction (NSTEMI). 

From a pathophysiological perspective, LMWHs are
more potent inhibitors of thrombin generation than UFH,
and they are resistant to inhibition by activated platelets.
Other benefits associated with LMWHs as compared to
UFH include relatively simple dosing, ease of administra-
tion, limited requirements for further blood monitoring,
and a more predictable anticoagulant effect.2-4 Finally, the
rationale for use of LMWHs in acute coronary ischemic
syndromes is supported by a number of evidentiary trials.

With these clinical issues in focus, the purpose of this
issue is to examine the role of antithrombin agents for the
management of ACS, and to develop an outcome-based
strategy for using LMWHs and UFH in risk-stratified
subgroups of patients with ACS. —gideon bosker, md

Antithrombin Agents: Centerpiece Drugs 
for Management of Acute Coronary Syndromes 

Overview: Antithrombin agents are a mainstay of
therapy for patients with ACS. A number of antithrom-
bin agents are available, and typically are differentiated
according to their dependence upon antithrombin (AT)
III. Both standard UFH and LMWHs depend upon AT
III for their activity and are referred to as indirect throm-
bin inhibitors. Conversely, AT III-independent agents
inhibit thrombin directly and do not require AT III for
their activity. 

Direct Thrombin Inhibitors: Hirudin is the most
potent, naturally occurring, specific inhibitor of throm-
bin. Natural hirudin (from leech saliva), recombinant
hirudin, and hirulog, a synthetic analog, are direct
thrombin inhibitors. Each of these molecules binds
directly and reversibly to thrombin at a 1:1 ratio both at
the active site and to the fibrinopeptide-binding region of
thrombin. Hirudin’s plasma half-life is 40 minutes fol-
lowing intravenous administration and approximately
120 minutes after subcutaneous injection.2 Hirulog has a
plasma half-life of 24 minutes after intravenous infu-
sion.5 Hirudin is approved for management of patients
with heparin-induced thrombocytopenia and for ongoing
anticoagulant therapy; however, it has not received
approval for an ACS indication. In the setting of ACS,
hirudin has been evaluated in patients with UA and
NSTEMI; hirulog has been assessed primarily in
patients undergoing percutaneous transluminal coronary
angioplasty (PTCA).

Direct thrombin inhibitors have some theoretical
advantages over indirect-acting heparins. These agents
inhibit thrombin activity without affecting AT III, and
they also suppress positive feedback mechanisms that
promote further thrombin generation; in addition, they
are not inactivated by platelet factor 4.6,7 These agents
inactivate not only circulating thrombin but, unlike
heparin, they also inhibit fibrin (clot)-bound thrombin.
Because direct thrombin inhibitors do not bind endothe-
lial cells and other plasma proteins, as does standard
heparin, they have a more consistent dose-response and
yield more predictable aPTTs.6,8 Unlike LMWHs, their
use requires monitoring of the aPTT.7

Two studies have evaluated and compared clinical
outcomes of hirudin vs. heparin in patients with ACS not
undergoing PCI. They are: 1) the Global Utilization of
Streptokinase and Tissue Plasminogen Activator for
Occluded Coronary Arteries (GUSTO) IIb;9 and 2) the
Organization to Assess Strategies for Ischemic Syn-
dromes (OASIS) II trials.10 The GUSTO IIb trial evalu-
ated 12,142 patients with an ACS. There was no signifi-
cant difference in the primary end point of death or AMI
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at 30 days between patients treated with heparin or
hirudin who did not have ST-segment elevation (9.1% vs
8.3%; P = 0.22).9 The OASIS II study included 10,141
patients with UA or NSTEMI who were randomized to
receive hirudin (0.4 mg/kg bolus, followed by a 0.15
mg/kg/h infusion) or heparin (5000 U bolus followed by
a 15 U/kg/h infusion). Drug dosages were adjusted to
maintain a therapeutic aPTT. At 72 hours and at seven
days there was a non-statistically significant trend
toward less cardiovascular death or new AMI in the
hirudin group.10

Direct thrombin inhibitors have been compared with
heparin during angioplasty in the Hirulog Angioplasty
Trial and the Hirudin Trial (HELVETICA).11,12 The Hir-
ulog Angioplasty Trial was a randomized, double-blind
comparison of heparin (175 U/kg bolus followed by an
18- to 24-hour infusion at 15 U/kg/h) with hirulog (1.0
mg/kg bolus followed by a 4-hour infusion at 2.5
mg/kg/h and then a 14- to 20-hour infusion at 0.2
mg/kg/h infusion).11 All patients received aspirin in both
trials. 

The incidence of the composite primary end point of
in-hospital death, AMI, abrupt vessel closure, or rapid
clinical deterioration of cardiac origin were comparable
between the groups (11.4% for hirulog, 12.2% for
heparin; P = 0.44). Major bleeding was significantly less
frequent in those receiving hirulog compared with those
receiving heparin (3.5% and 9.8%, respectively; P <
0.001).11 In the HELVETICA trial, hirudin therapy
decreased the incidence of adverse clinical events at 96
hours after angioplasty vs. heparin therapy. However,
there was no difference between the groups in the inci-
dence of recurrent symptoms, clinical events, or resteno-
sis at seven months.12

Standard Heparin (UFH)
Pharmacokinetics: UFH is a highly sulfated gly-

cosaminoglycan found in mast cells of such animal tis-
sues as lung, liver, and intestines. It is a mixture of poly-
saccharides with molecular weights between 5000 and
30,000 Daltons (average, 12,000-15,000). It has been the
mainstay of anticoagulant therapy, and its clinical uses
include prophylaxis against venous thromboembolism
(VTE), acute management of thromboembolic disease,
and as an integral component of multi-modal therapy for
ACS. 

Unfortunately, UFH has several shortcomings. Its use
for acute thromboembolic disease or ACS requires
admission to the hospital for intravenous administration.
In addition, the pharmacokinetic properties of heparin
make it difficult to achieve and maintain therapeutic lev-
els; this may result in inadequate anticoagulation or
over-anticoagulation with hemorrhagic complications.

Heparin is neutralized by platelet factor 4, large quanti-
ties of which are released from platelets activated at sites
of plaque rupture. 

It should be stated that heparin does not inactivate
activated factor X (factor Xa), which is bound to activat-
ed platelets trapped within the thrombus. From a throm-
bosis perspective, factor Xa activates prothrombin, and
the resulting thrombin then binds to fibrin, where it also
is protected from inactivation by heparin. As a result, fib-
rin- or clot-bound thrombin remains enzymatically
active and accelerates thrombus growth through activa-
tion of local platelets and amplification of the coagula-
tion system.2 As would be expected, frequent laboratory
monitoring of the aPTT time is necessary to avoid these
potential problems, which may contribute to increased
risks for patients and increased cost of care.

Unstable Angina and Non-ST Elevation Myocardial
Infarction. Heparin has been a mainstay of therapy for
UA, NSTEMI, and ST-segment elevation AMI. Its bene-
fit has been demonstrated in various trials comparing it
to, and evaluating its efficacy in combination with,
aspirin therapy.3,13,14 One study showed that heparin was
superior to aspirin therapy in reducing cardiac events,
particularly refractory angina, whereas others suggested
it was at least as good as aspirin therapy. However, with
heparin therapy alone, one study found rebound UA
within the first 12 hours of cessation of heparin adminis-
tration.15 This rebound phenomenon, which also was
seen with other antithrombin agents, could be prevented
by pretreatment with aspirin. 

Based on these findings, it is now routine to treat
patients early with a combination of aspirin and
heparin—or LMWH—unless there is a contraindication.
One double-blinded, randomized, placebo-controlled
study compared aspirin, heparin, and aspirin plus
heparin in 479 patients.3 Major end points included
recurrent angina, MI, or death. All three arms had better
outcomes than placebo. Patients receiving heparin had
twice the bleeding compared to those treated with
aspirin. Outcomes were similar among the three arms,
with a trend toward heparin being better than aspirin
alone.3

UFH has become a standard part of the management
of UA. A number of randomized trials have suggested
that heparin adds therapeutic benefit to aspirin in
UA.3,13,16-19 However, the evidence is still not conclusive.
The trials were small, only two were double-blind, and
the confidence intervals were large. As is the case with
GP IIb/IIIa trials, the populations in these heparin trials
were sicker than many acute chest pain patients admitted
to the hospital through the emergency department. 

One group performed a meta-analysis of six small,
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UA studies that randomized patients to aspirin or a com-
bination of aspirin and heparin. Pooled data from 1353
patients found a 33% reduction in progression to AMI or
death with the addition of heparin, but this was of mar-
ginal statistical significance (P = 0.06).20 In these trials,
heparin was associated with more major bleeding events,
such as intracranial hemorrhage, requiring transfusion.
The risk/benefit ratio must be considered before heparin
is used in UA patients. In today’s environment, heparin
should be used in moderate- or high-risk patients. Data
do not support the routine use of heparin in low-risk
patients.

Low Molecular Weight Heparin—
The New Standard for ACS 

In the late 1970s, it was recognized that it might be
possible to dissociate the beneficial antithrombotic
effects of heparin from its hemorrhagic anticoagulant
effects. This insight provided the impetus to fractionate
heparin and isolate the antithrombotic effects in the form
of LMWHs. Compared with UFH, LMWHs have supe-
rior absorption and phar-
macokinetic profiles,
similar antithrombotic
activities, and potentially
fewer hemorrhagic com-
plications. (See Table 1.)
Moreover, LMWHs are
proving to be at least as
effective as heparin in a
number of clinical set-
tings, and they are revo-
lutionizing the manage-
ment of acute deep
venous thrombosis by
permitting home-based
therapy.

Pharmacokinetics and
Mechanisms of Action.
LMWHs are fractions or
fragments of heparin
with molecular weights
between 4000 and 6500
Daltons. All are pro-
duced by the fractiona-
tion of heparin mole-
cules by controlled
chemical or enzymatic
depolymerization. Vari-
ous depolymerization
methods are used, result-
ing in many commercial

LMWHs. It is important to recognize that each LMWH
preparation has a distinct mean molecular weight, phar-
macokinetic spectrum, and pharmacologic activity. The
clinical relevance of these differences is not entirely
clear, and randomized trials comparing the different
LMWH preparations have yet to be done. However, reg-
ulatory authorities consider each LMWH preparation to
be a distinct molecule, requiring its own documentation
and FDA approval for specific clinical indications.
Accordingly, the efficacy and safety features of one
LMWH cannot be extrapolated to another, and each
agent should be used according to evidence-based sup-
port and approved indications. 

A number of LMWHs have been developed and
approved for human use over the past decade. Interest-
ingly, clinical use of LMWHs in the United States is rel-
atively new, with four agents having received FDA
approval: ardeparin (Normiflo), dalteparin (Fragmin),
tinzaparin (Innohep), and enoxaparin (Lovenox). All
four agents have been approved for management (i.e.,
prophylaxis and/or treatment) of VTE. Enoxaparin is the
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EEFFFFEECCTT UUFFHH  LLMMWWHH  SSIIGGNNIIFFIICCAANNCCEE  OOFF  DDIIFFFFEERREENNCCEE  
OONN  LLMMWWHH  

Mean molecular weight 12,000-15,000 4000-6500
Daltons Daltons

Mean saccharide units 40-50 13-22
Anti-Xa:Antithrombin activity 1:1 2-4:1 
Nonspecific protein binding Much Minimal ↑ Bioavailability

↑ Antithrombin potency
Neutralization by 

Platelet factor 4 Yes Minimal ↑ Antithrombin potency
Inhibition of

Fibrin-bound thrombin No Yes ↑ Antithrombin potency
Binding to endothelium Yes Minimal ↑ Bioavailability

↓ Bleeding1

Binding to macrophages Yes Minimal ↑ Bioavailability
↑ Half-life2

Inactivation of
platelet-bound Xa Weak Strong ↑ Antithrombin potency

Inhibition of platelet function ++++ ++ ↓ Bleeding
Interaction with platelets More Less ↑ Bioavailability
Causes thrombocytopenia Not rare Very rare ↓ Bleeding
Dose response Poor Fair ↑ Safety and consistency
Bioavailability ~ 30% > 90% ↑ Safety and consistency

UFH, Unfractionated heparin; LMWH, Low molecular weight heparin; SC, Subcutaneous
1 = Interaction with endothelial cells causes increased vascular permeability, resulting in
potentially increased bleeding.
2 = Hepatic macrophage uptake of an agent results in increased hepatic metabolism
Reprinted with permission from: Garrison R, Kleinschmidt K. Use of Low molecular weight
heparins. Crit Decis Emerg Med 1999;13:11-19.

Table 1.

Comparison of UFH and LMWH



only LMWH approved for prophylaxis, inpatient and
outpatient treatment of VTE, and acute management of
ACS.4

Some generalizations can be made about the pharma-
cokinetics and metabolism of the different LMWHs.
(See Table 1.) They are readily absorbed from the subcu-
taneous tissue, they are rapidly distributed to most
organs and tissues, and they attain antithrombotic levels
within 30 minutes of administration. Of special impor-
tance is the fact that LMWHs have greater than 90%
bioavailability vs. approximately 30% for heparin. This
difference in bioavailability is primarily related to
heparin’s increased binding to plasma proteins,
macrophages, and endothelial cells. Once bound,
heparin’s antithrombotic activity is decreased because it
can’t interact with the coagulation cascade proteinases.
In addition, heparin binding is inconsistent, resulting in
unpredictable activity. 

The plasma half-life of LMWHs is two to four times
longer than that of heparin, a feature that permits only
once- or twice-daily administration. Elimination of
heparin involves a rapid, saturable hepatic phase and a
slower, renal clearance phase. The hepatic phase is
dose-dependent, resulting in inconsistent elimination.
In contrast, LMWHs primarily undergo slower renal
elimination, which results in a longer half-life and
more consistent elimination. The relative lack of
platelet reactivity compared to heparin may result in
less platelet activation and/or aggregation during an
ACS. (See Table 1.) 

Laboratory Monitoring: Antithrombotic and antico-
agulant effects are different concepts. The beneficial
antithrombotic properties reflect a molecule’s ability to
prevent formation of a new thrombus or propagation of
an existing thrombus. While it would be desirable to
measure antithrombotic activity, there is no simple test
for assessing antithrombotic activity. The anticoagulant
effect of a substance reflects its ability to inhibit hemo-
stasis, which may result in excessive bleeding. Anticoag-
ulation activity can be measured indirectly by the acti-
vated aPTT, the test used to monitor the effect of heparin
therapy. Unfortunately, the variable responsiveness of
thromboplastin reagents used in the aPTT test can cause
inconsistent results despite equivalent degrees of antico-
agulation. Similar problems occurred with the use of
prothrombin time ratios for the monitoring of oral anti-
coagulant therapy. This problem was overcome by stan-
dardizing the thromboplastin reagents and adapting the
international normalized ratio (INR) system of reporting.
However, no similar standardization for aPTT reagents
is available currently.

The inaccuracy of the aPTT test for determining the

anticoagulant effect of heparin is a problem because
heparin’s dose response is inconsistent. The inconsistent
dose response results from heparin’s low bioavailability
and from its irregular elimination. Maintenance of thera-
peutic levels of heparin is difficult. Conversely,
LMWH’s high and consistent bioavailability and dose-
independent clearance result in a predictable anticoagu-
lant response; therefore, laboratory monitoring is not
needed in most patients. This is fortunate because the
degree of anticoagulation induced by LMWH generally
is too small to be detectable by the aPTT test. Anticoag-
ulation should be monitored in patients receiving
LMWHs who have renal insufficiency or those at the
extremes of weight. This monitoring is done by a special
test for anti-Xa activity.

Complications: Hemorrhage is the main complica-
tion of LMWH therapy. Bruising at the site of subcuta-
neous administration may occur, but this does not
require alterations in therapy. While LMWH resulted in
less hemorrhage than heparin in some early clinical tri-
als, recent studies have revealed comparable hemorrhage
rates. Caution must be used before giving LMWHs to
patients at risk of hemorrhage. Neuroaxial hematomas
have been reported in patients with the concurrent use of
enoxaparin and spinal/epidural anesthesia. However,
many of these events occurred prior to initiation of
guidelines to decrease events. 

Concomitant administration of LMWHs and other
agents that impair hemostasis should be avoided. If a
patient develops major bleeding complications sec-
ondary to a LMWH, protamine sulfate provides some
but not complete neutralization of the antithrombin
effect. In vitro studies have reflected that neutraliza-
tion of antithrombin activity of LMWHs is virtually
100%, while that for anti-Xa ranges from 30-60%
when protamine was used on a milligram per mil-
ligram basis.21 Little clinical information exists about
the relative efficacy of protamine for stopping
LMWH-related hemorrhage. One case report found
reversal to be poor in a patient with a subdural hemor-
rhage who was inadvertently given enoxaparin 1
mg/kg bid for a period of four days. However, the pro-
tamine doses were only 20 mg; he eventually received
a total dose of 100 mg.22

Both heparin and LMWHs may result in a transient
decrease in platelet counts early in the course of thera-
py. Programs using LMWHs typically assess platelet
counts every 2-3 days during therapy.23 One prospective
series found a mild decrease in platelets in 28% of the
patients receiving either heparin or LMWHs. This mild
thrombocytopenia resolved in 99% of the patients with-
in three days despite continuation of heparin or LMWH
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therapy.24 If the platelet count decreases to less than
100,000 per cubic millimeter, LMWH therapy should
be discontinued.4

Heparin-induced thrombocytopenia (HIT) is a more
serious platelet-heparin interaction. This process is a
progressive, immune-mediated phenomenon typically
occurring after 7-10 days of heparin therapy. It paradoxi-
cally results in hyperthrombosis and is associated with
significant morbidity and mortality. Venous or arterial
thromboses may occur, resulting in myocardial infarc-
tion, pulmonary emboli, and cerebrovascular accidents.
Heparin-induced thrombocytopenia is associated less
commonly with LMWHs than with heparin.24,25

One large series of 665 patients found that 2.7% of
heparin-treated patients developed heparin-induced
thrombocytopenia, while no cases occurred in those
treated with LMWHs. The general consensus is that
severe thrombocytopenia is much more rare with
LMWHs than with UFH. Some of the patients treated
with LMWHs did develop antiplatelet antibodies, which
reflects  the potential for developing heparin-induced
thrombocytopenia.25 Both heparin and LMWH are con-
traindicated in patients who have previously had
heparin-induced thrombocytopenia. 

Up to 5% of patients receiving heparin or LMWHs
have small, asymptomatic elevations of aspartate and
alanine aminotransferases that reverse upon discontinu-
ation of drug therapy. No monitoring guidelines exist
for these aminotransferases. LMWH has limited trans-
fer through the placenta, and teratogenic effects have
not been noted. LMWHs are listed as
category B drugs in pregnancy. It is
unknown if LMWHs are excreted within
the breast milk, and caution should be
exercised when treating nursing women.

Comparison of LMWH with Stan-
dard Heparin: The differences in action
between heparin and LMWH are better
understood if the coagulation cascade
(see Figure 1) is first reviewed. The cas-
cade is a sequential, proteolytic activa-
tion of coagulation factor precursors
(zymogens) into their active enzyme
forms. Factors V and VIII serve as cofac-
tors in the cascade. Most coagulation
occurs via the extrinsic pathway, which is
started by the interaction of factor VIIa
with tissue factor, a plasma membrane
protein on many cells. Tissue injury
exposes tissue factor to VIIa, leading to
the conversion of zymogen X to its active
Xa form. 

Tissue factor also activates zymogen IX, initiating
the intrinsic pathway. Both the extrinsic and intrinsic
pathways culminate in the activation of factor X and the
formation of the prothrombinase complex on the
platelet membrane. This prothrombinase complex con-
tains calcium, phospholipids, active factor Xa, and
cofactor Va. The complex converts prothrombin to
thrombin, which converts fibrinogen to fibrin. While
thrombin further supports thrombosis by activating
platelets, it also counterbalances coagulation by facili-
tating the creation of antithrombin III and protein C, the
principle anticoagulants. 

Heparin’s anticoagulant activity requires antithrom-
bin III. (See Figure 1.) Antithrombin III is the primary
inhibitor of thrombin and the other proteinases IXa, Xa,
XIa, and XIIa. Heparin binds to antithrombin III, pro-
ducing a conformational change in the latter that potenti-
ates its ability to rapidly inhibit the proteinases.
Antithrombin III most easily suppresses thrombin (fac-
tor IIIa), while factor Xa is the most difficult factor for
antithrombin III to inhibit because it is protected when
bound within the prothrombinase complex.

The primary difference between heparin and LMWH
is how they interact with thrombin. (See Figure 2.) Most
heparin molecules are long; virtually all of these mole-
cules are greater than 18 saccharide units in length. The
long molecules can form a tertiary complex with
antithrombin III and thrombin. When bound in this com-
plex, thrombin is inactivated. Heparin molecules shorter
than 18 saccharide units cannot form the tertiary com-
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plex and do not effectively inactivate thrombin. Because
only 25-50% of LMWH molecules are more than 18
units in length, LMWH does not inactivate thrombin as
well as does heparin. Conversely, factor Xa needs only a
very short segment of heparin plus antithrombin III to be
inactivated and it is equally inactivated by LMWH or by
heparin. Thus, the anti-Xa to antithrombin inhibition
ratio for heparin is 1:1, while it is 2-4:1 for LMWHs.

Differences also exist among the LMWHs. Compar-
isons are difficult because no standardization exists and
their activities likely result from multiple mechanisms.
The most prominent difference is that the anti-Xa to
antithrombin ratio varies among the LMWHs. However,
the significance of this variation is not known. Head-to-
head trials comparing the different LMWHs have not
been performed.

LMWHs for Unstable Angina and NSTEMI:
Clinical Trials and Comparative Outcomes 

Several trials have assessed the efficacy and safety of
LMWHs in the management of patients with UA and
NSTEMI.19,26,27 (See Table 2.) These trials have com-
pared various combinations of aspirin, heparin, and
LMWH. Indications for LMWHs in ACS are similar to

those of heparin; both enoxaparin and dal-
teparin have received FDA approval for the
management of ACS. 

Nadroparin: The first trials comparing
LMWH to standard, heparin-based regimens
were small and open-labeled, and employed a
randomized, single-blinded, study of 219
patients with underlying ischemic heart disease
who presented with UA.19 Patients were ran-
domized to receive intravenous heparin plus
aspirin, once-daily subcutaneous nadroparin plus
aspirin, or aspirin alone. The primary end point
was the composite of death, AMI, or recurrent
angina. Nadroparin plus aspirin reduced the
number of patients with the end point from 59%
in the aspirin group and 63% in the aspirin-plus-
heparin group to 22% (P = 0.001).19

The FRAXIS trial compared nadroparin
with heparin in 3468 patients with UA or
NSTEMI.28 Patients were randomized to
receive intravenous heparin for six days or
twice-daily subcutaneous nadroparin for six
days or for 14 days. The primary end point was
the composite of cardiovascular death, AMI, or
recurrent/refractory angina at 14 days. No dif-
ference in outcome was found between the
treatment groups. While the 14-day regimen of
nadroparin resulted in significantly more bleed-
ing than did heparin (3.5% vs 1.6%), six days

of therapy with nadroparin resulted in major bleeding in
only 1.5% (see Table 2). At three months, the patients
who received nadroparin for 14 days had a significantly
increased incidence of cardiac events (26.2% vs 22.2%
with heparin), as well as increased hemorrhage (4.0% vs
2.4% with heparin).28

Dalteparin (Fragmin): Dalteparin was the first
LMWH to receive an indication for use in ACS in
Europe. These trials26,30,31 used prolonged anticoagulant
therapy (up to 90 days) because the risk of recurrent
ischemia remains high for 6-12 weeks and because
coagulant activity and thrombin generation also are
increased for months after an acute event.26 This
approach targeted the “rebound” or reactivation of the
thrombotic process that may occur after heparin is dis-
continued in patients with ACS. The “rebound” may
result from incomplete healing of damaged endothelial
barrier at the time heparin is stopped.29 It is debatable
whether the events are a true rebound or just incomplete
therapy for a continuing process. It was hoped that
“chronic” administration of dalteparin would confirm
that low-dose, daily injections could reduce the inci-
dence of “rebound.”
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Interactions of Heparin and LMWH 
with Clotting Factors Xa and Thrombin

Reproduced with permission from: Schafer Al. Low-molecular weight heparin for

venous thromboembolism. Hospital Practice. 1997;32:99-106. The McGraw-Hill

Companies, Inc. Illustration by Seward Hung.



FRISC Trial: The FRISC trial was a randomized
comparison of dalteparin to placebo in 1506 patients
who presented within 72 hours of the onset of UA or
NSTEMI.26 Unlike many of the other LMWH trials,
there was no comparison with heparin. The primary end
point was the composite of death or AMI at six days. A
secondary goal was to determine whether long-term

anticoagulant therapy would provide additional benefit
beyond that obtained with anticoagulation only during
the acute phase. 

The dalteparin group received 120 IU/kg twice daily
during the “acute” phase. Patients who received dal-
teparin during the acute phase also received once-daily
subcutaneous dalteparin (7500 IU) during the 35-45 day
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TRIALS ESSENCE TIMI IIB FRIC FRISC FRISC II FRAXIS

LMWH Enoxaparin Enoxaparin Dalteparin Dalteparin Dalteparin Nadroparin
Patients: #   3171 3910  (3-8 d) 1482  (1-6 d) 1506 (1)          2105 3468

2346  (8-43 d) 1133  (6-45 d) (2)          2457
CP w/i 24 hr 24 hr 72 hr 72 hr 72 hr 48 hr

57% 83%
EKG ∆ (ST or T ↓ or (ST or T ↓ or 100% 100% (100%) (100%)

other changes) other changes) (ST or T ↓ ) (ST or T ↓ ) (ST or T ↓ ) (ST or T ↓ )
NQMI 21% 34% 16% 38% — ~ 16%

Primary end Death, MI, or RA Death, MI, urgent Death, MI, or Death or MI at Death or MI at CV death, MI, or
point at 14 d revasc at 8 and RA during  6 d 30 d and at RA at 14 d

43 d days 6-45 6 months
Groups LMWH LMWH LMWH LMWH (1)       LMWH LMWH × 6d

UFH UFH UFH Placebo Placebo LMWH × 14d
(2)       PCI IV UFH × 6d

No-PCI
Dose 1 mg/kg SC bid Up to 8 d: 30 mg Up to 6 d: 120 120 IU/kg SC  120 IU/kg SC 86 IU/kg IV bolus

× 2-8 d bolus + 1 mg/kg Anti-Xa U/kg  bid× 6 d then  bid × 1-5 d + then 86 IU/kg SC 
bid; 8-43 d: SC bid; 6-45 d; 7500 IU qd X 7500 IU SC bid bid
40 mg (< 65 kg) 7500 anti-Xa 42 d × 5-90 d
or 60 mg SC qd

(≥ 65 kg) SC bid
UFH dose 5000 U IV bolus 70 U/kg IV bolus  5000 U IV bolus UFH only used UFH only used 5000 U IV bolus 

+ infusion + 15 U/kg IV + 1000 U/hr as a rescue drug3 as a rescue drug3 + 1250 U infusion
infusion infusion

6 d: 1.8* 30 d: 3.1
Death    LMWH — — — 40 d: 8.0 90 d: 6.7* —
MI 6 d: 4.8 30 d: 5.9 
(%)       Placebo 40 d: 10.7 90d: 8.0
Death  LMWH 14 d: 16.6*1 8 d: 12.4* 6 d: 9.3 — — 14 d: (6 d Rx - 17.8)
MI 30 d: 19.8*1 43 d: 17.3*1 6-45 d: 12.3 (14 d Rx - 20.0)
RA       UFH 14 d: 19.8 8 d: 14.5 6 d: 7.6 — — 14 d: 18.1
(%)   30 d: 23.3 43 d: 19.7 6-45 d: 12.3

LMWH 30 d: 7.0 8 d: 1.5 6 d: 1.1 6 d: 0.8 90 d: 3.3 6 d & 14 d nadro
43 d: 2.9* 6-45 d: 0.5 40 d: 0.3 at 6 d: 1.0

Major 6 d nadro at 14 d: 1.5
Bleed2 14 d nadro at 
(%) 14 d: 3.5*

UFH 30 d: 6.5 8 d: 1.0 6 d: 1.0 — — 6 d UFH at 6 d: 1.0
43 d: 1.5 6 d-45 d: 0.4 6 d UFH at 14 d: 1.6

Placebo — — — 6 d: 0.5 90 d: 1.5 —
40 d: 0.3

d, day(s); RA, recurrent angina; UFH, unfractionated heparin; NQMI, non-Q wave MI; Revasc, revascularization (PTCA, CABG); CV, 
cardiovascular; w/i, within; NA, not applicable; SC, subcutaneous; nadro, nadroparin; LMWH, low molecular weight heparin; CP, chest
pain.
* P < 0.05
1 = Difference primarily due to need for fewer revascularization procedures.
2 = Major hemorrhage defined: FRISC: ↓ hemoglobin of 20 g/L, required transfusion, was intracranial, or caused death or cessation of
study treatment. In ESSENCE & TIMI IIB: bleeding resulting in death, transfusion of ≥ 2 units of blood, a ↓ hemoglobin of 30 g/L, or a
retroperitoneal, intracranial, or intraocular hemorrhage. In FRAXIS: symptomatic bleeding associated with a ↓ hemoglobin > 2g/dL,
retroperitoneal or intracranial hemorrhage, or if transfusion required or death caused.
3 = UFH also was used, but the trial was not designed to compare UFH with a LMWH.

Table 2.

Low Molecular Weight Heparin Trials in Acute Coronary Syndromes



“chronic” phase. Dalteparin significantly reduced the
frequency of death or AMI from 4.8% to 1.8% (P =
0.001) at six days; however, the difference was no longer
significant at 40 days (see Table 2). The composite end
point (death, myocardial infarction, revascularization, or
intravenous heparin use) also was significantly
decreased in the dalteparin group at 40 days. However,
no significant differences between groups existed by 150
days, reflecting that long-term, once-daily dosing was
inadequate for ACS.26 There was no significant differ-
ence in bleeding between the groups. 

FRIC Trial: The FRIC trial was a randomized com-
parison of dalteparin with heparin in 1482 patients who
presented within 72 hours of the onset of UA/NSTE-
MI.30 It is the only trial that directly compared dal-
teparin with heparin. The primary end point was the
composite of death, AMI, or recurrent ischemia. The
dalteparin group received 120 IU/kg twice daily during
the six-day “acute” phase. Patients who received dal-
teparin during the acute phase received once-daily sub-
cutaneous dalteparin (7500 IU) during the 35-45 day
“chronic” phase. In summary, there was no significant
difference in the composite outcome between the
patient groups at six days (see Table 2). Both groups
had a composite outcome of 12.3% at 45 days.30 Of
note is that the composite end point was actually more
common in those who received dalteparin. In fact, six-
day mortality was significantly increased in the dal-
teparin group compared to the heparin group (1.5% vs
0.4%; P = 0.05). Bleeding complications were similar
among the groups. 

FRISC II Trial: The FRISC II trial assessed the effi-
cacy of long-term treatment with dalteparin vs. placebo
in a double-blinded, randomized comparison of 2267
patients who received either dalteparin or placebo for
three months.31 (See Table 2.) As with FRISC, this trial
was not a comparison with heparin. The dalteparin group
received 120 IU/kg twice daily during the “acute” phase
and 7500 IU twice daily (5000 IU for smaller patients)
during the remaining three months. The primary end
point was the composite of death or AMI at six months.
There was a non-significant decrease in the primary
composite end point of 6.7% and 8.0% in the dalteparin
and placebo groups, respectively (P = 0.17). The differ-
ence was significant at 30 days (3.1% vs 5.9%, respec-
tively; P = 0.002). There also was a decrease in death,
AMI, or need for revascularization from 33.4% to 29.1%
in the dalteparin group (P = 0.031). The differences were
not sustained at six-month follow-up. Treatment with
dalteparin was associated with an increased risk of major
bleeding (3.3% vs 1.5%) and more hemorrhagic strokes
(8 vs 0 events).31

GUSTO 4 Trial: Dalteparin was compared with
heparin in a sub-study of the GUSTO 4 Trial in which
974 (13%) of the 7800 total patients received dalteparin
instead of heparin.32 The focus of this trial was the com-
parison of a 24-hour infusion of abciximab, a 48-hour
infusion of abciximab, and a placebo infusion in patients
with non-ST-segment elevation ACS. Patients who
received dalteparin were spread evenly among the three
arms of the trial. There was no difference in the primary
end point of the composite of death or AMI at 30 days
among dalteparin patients in any of the three treatment
arms. Major bleeding and other adverse events were
comparable between the dalteparin plus abciximab
group and the dalteparin alone group. Data from this
major trial were recently presented at the European Soci-
ety of Cardiology Congress and the full paper has not yet
been published.32

Enoxaparin (Lovenox): Enoxaparin was the first
LMWH to receive FDA approval for the management of
ACS. This approval was based upon two positive trials in
comparison with heparin (unlike the trials vs placebo as
was the case for dalteparin). 

The ESSENCE trial was a randomized, double-blind-
ed study of 3171 patients with UA or NSTEMI who pre-
sented within 24 hours of symptom onset.27 (See Table
2.) Groups were treated as long as eight days with either
subcutaneous enoxaparin 1 mg/kg twice-daily or intra-
venous heparin. The primary end point was the compos-
ite of death, AMI, or recurrent angina at 14 days. 

Enoxaparin resulted in a significant reduction of the
end point from 19.8% to 16.6% (P = 0.02) at 14 days
and from 23.3% to 19.8% (P = 0.02) at 30 days. The
most significant reduction was in the recurrence of angi-
na. The need for urgent revascularization (coronary
artery bypass or PTCA) during the 30-day study period
was relatively reduced by 16% in the enoxaparin arm
(from 32.2% to 27.0%; P = 0.001). The groups had com-
parable major bleeding events.27

This was the first major trial using a LMWH that
reflected significant superiority over heparin. One-year
follow-up data for 2915 of the patients (92%) found that
the combined end point of death, AMI, or recurrent angi-
na was lower in enoxaparin-treated than heparin-treated
patients (32.0% vs 35.7%; P = 0.02).33

The TIMI IIB trial was a randomized comparison of
3910 patients with UA or NSTEMI.34 (See Table 2.)
Patients initially were eligible if they had a significant
history of CAD, EKG changes, or cardiac marker eleva-
tion. However, after 1800 patients had been enrolled, the
focus was changed to include higher-risk patients by
requiring that all patients have either ST-segment devia-
tion or positive serum markers. Patients received as
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many as eight days of weight-adjusted intravenous
heparin followed by placebo or enoxaparin (30 mg
bolus, then twice-daily 1 mg/kg subcutaneous injections
for up to eight days, then as many as 43 days of low-dose
therapy).34 The primary end point was the composite of
death, AMI, or need for urgent revascularization at eight
and 43 days. 

Patients receiving enoxaparin had significantly fewer
end point events at eight days (12.4% vs 14.5%; P =
0.048) and at 14 days (14.2% vs 16.7%; P = 0.03). At 43
days, the beneficial effect of enoxaparin proved to be
durable (end points: 17.3% vs 19.7%; P = 0.05); howev-
er, no further relative decrease in events was observed.34

Major hemorrhage was similar between groups during
the acute phase; however, by day 43, it had occurred in
2.9% of those treated with enoxaparin compared with
1.5% in the placebo arm (P = 0.02).34 As was the case in
ESSENCE, enoxaparin proved to be superior to heparin
in TIMI IIB. However, administration of enoxaparin
beyond the hospitalization phase cannot be recommend-
ed because no incremental benefit was achieved by con-
tinuing the enoxaparin treatment beyond the initial hos-
pitalization and because of the increased risk of hemor-
rhage in the outpatient setting. 

A meta-analysis of the ESSENCE and TIMI IIB tri-
als found that, in comparison to heparin, enoxaparin
treatment is associated with a 20% relative reduction in
clinical events in patients with UA or NSTEMI. The
reduction was achieved without a significant increase
in the rate of major hemorrhage during the acute phase
of therapy. These data support preferential use of
enoxaparin over heparin and other LMWHs as the
foundation antithrombin agent for patients with UA
and NSTEMI.

LMWH Costs: Evidence currently supports the cost
benefit of LMWHs over heparin for ACS. Cost efficacy
in CAD was addressed by a pharmacoeconomic analysis
of the ESSENCE trial.35 These investigators found that
the use of enoxaparin vs. heparin saved $763 by hospital
discharge and $1172 at 30 days. The greatest change in
resource use was a decrease in coronary angioplasty.
This analysis did not consider the nursing and pharmacy
labor costs associated with the use of these agents, which
would likely have resulted in even further savings with
enoxaparin therapy.35

Management of ACS 
(Unstable Angina and NSTEMI) 
with LMWHs: Summary of Current Guidelines 

Comparing the different LMWHs is difficult. Out-
comes of the trials varied either because of dissimilar
pharmacologic properties of the LMWHs or because the

trial designs differed as to patient selection, relative
doses of medication, active treatment duration, and/or
the definition and assessment of end points. In addition,
the trials used different durations of therapy and drug
doses for both the LMWH and for heparin. Another dif-
ference among trials is that the last episode of chest pain
was within 72 hours in the FRISC and FRIC trials using
dalteparin, whereas chest pain was within 24 hours of
onset in the enoxaparin trials, ESSENCE, and TIMI IIB.
This is not likely to be of significance because more than
90% of the patients in the dalteparin trials were enrolled
in less than 24 hours. 

Although antithrombotic therapy is used for less than
a week in patients with UA/NSTEMI, there is a ratio-
nale for more prolonged treatment since a coronary
lesion thrombus lasts for several months and coagula-
tion activity is elevated for at least three months.36 Five
of the six LMWH trials (see Table 2) addressed this
issue by using the agent for between eight and 90 days.
Neither FRIC (dalteparin) or FRAXIS (nadroparin)
found the LMWH to be superior to heparin at any pri-
mary end point, let alone any extended period. The
FRISC trial (dalteparin) found no benefit to use the drug
therapy beyond the acute study period.26 The FRISC II
(dalteparin) trial did find superiority for the LMWH
over heparin at 30 days, but it is unclear whether this
occurred because of the acute phase therapy or from the
chronic phase of therapy. 

TIMI IIB found enoxaparin to be superior to heparin
at 43 days, and there was no incremental benefit over
that which existed at 14 days. Interestingly, the
ESSENCE trial, which used enoxaparin only during the
acute phase, found continued benefit at 30 days. How-
ever, as with TIMI IIB, there was no incremental benefit
beyond that which existed at 14 days. Prolonged admin-
istration of a LMWH resulted in more major hemor-
rhage in three (FRAXIS, FRISC II, TIMI IIB) of the
five trials that used chronic phases of administration of
drug. Most of the trials had increased minor bleeding in
the LMWH groups. These were mostly ecchymoses at
injection sites and hematomas at vascular access sites. 

Despite the difficulty in making certain comparisons
among the LMWHs, some clinically relevant conclu-
sions can be made. All of the LMWH trials involved
very high-risk patients, virtually all of which had either
EKG changes or NSTEMI. Nadroparin was superior to
placebo in one trial19 and dalteparin was superior to
placebo in both FRISC26 and FRISC II.31 These data, in
addition to the finding that heparin was superior to
placebo, reflect that high-risk patients should receive
some heparin product, and the preferred agent is
enoxaparin. 
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Of the four large, randomized clinical trials that com-
pared a LMWH with heparin (FRIC, ESSENCE, TIMI
IIB, and FRAXIS trials), only two trials, both using
enoxaparin (ESSENCE and TIMI IIB), reflected superi-
ority over heparin (see Figure 3). Therefore, only enoxa-
parin has been shown to be superior to heparin in the
management of patients with UA/NSTEMI. There are
not enough data to support the administration of any
LMWH beyond the acute hospital phase and that chron-
ic administration is associated with increased occurrence
of major hemorrhage. 

Many factors will affect the future use of LMWHs for
ACS. Some cardiologists are concerned about using the
long-acting LMWHs at the time of PCI. Another factor
is the increased use of antiplatelet agents, including the
glycoprotein IIb/IIIa inhibitors, thromboxane synthetase
inhibitors (ridogrel), and ADP binding inhibitors (ticlo-
pidine and clopidogrel). The interaction between these
agents is unclear. Even with the rapidly expanding uses
of the GP IIb/IIIa inhibitors, anticoagulation with an
antithrombin agent remains mandatory in the current
management of ACS. This was dramatically demonstrat-
ed in the PRISM-PLUS trial. Although the combination
of low-dose tirofiban combined with heparin produced a
significant reduction in death, AMI, or refractory
ischemia at seven days, the tirofiban arm was discontin-
ued by the safety monitoring committee because of an
excessive mortality rate in comparison to the tirofiban-
heparin or heparin-alone arms.   ❖
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Figure 3.

Low Molecular Weight Heparins: Effect on Triple
End Points in Comparison to Heparin

The use of LMWH in unstable angina/NSTEMI on the triple end point

of death, AMI, and recurrent ischemia with or without revascularization.

Early (6 day) and intermediate outcomes of the four trials that compared

LMWH and heparin: ESSENCE, TIMI IIB, FRIC, and FRAXIS.

Nadroparin in FRAXIS was given for 14 days.

Reproduced with permission from: Braunwald E, Antman EM, Beasley

JW, et al. The ACC/AHA Guidelines for Unstable Angina. J Am Coll

Cardiol. 2000;36:1055.
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