
Abstract. – Backgroung: ST segment el-
evation myocardial infarction (STEMI) is an im-
portant risk factor of death worldwide. Signifi-
cant clinical research has been done to assess
ideal reperfusion strategies in the setting of
STEMI, including the role of the antithrombin
agents: unfractionated heparin (UFH) and low
molecular weight heparin (LMWH). Given the
evidence that LMWH may be safer than UFH in
the treatment of other thrombotic disorders, its
role in the management of STEMI needs to be
more defined.

Objective: To assess the safety and efficacy
of LMWH compared to UFH and/or placebo for
the treatment of STEMI.

Materials and Methods: The Cochrane Li-
brary, MedLine and EMABASE databases were
searched for randomized controlled trials per-
tinent to the study objective. Selection criteria
included all randomized controlled trials com-
paring LMWH to either UFH or placebo in the
treatment of STEMI through December 2010.
Two Authors performed the search indepen-
dently.After identifying appropriate studies, a
random effect model and Bayesian sensitivity
analysis were used to combine results from
original trials and assess the consistency of
results.

Results: We identified 13 studies that met the
described selection criteria; 8 comparing LMWH
to UFH and 5 to placebo in STEMI patients. The
combined Odd’s ratio was 0.79 with a 95%confi-
dence interval of 0.67-0.94 for all studies and
0.74 (0.54-1.02) for those comparing LMWH to
UFH only. A trend toward more frequent hemor-
rhagic events was identified in the LMWH group
(Odd’s ratio 1.40) which did not meet statistical
significance (95% confidence interval 0.80-2.47).
Sensitivity analysis demonstrated clinical bene-
fits of 6% and 12.5% with probabilities of 99%
and 95% respectively.
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Conclusion: Compared to placebo or UFH,
LMWH is effective as a first line treatment of
STEMI patient with no significant increase in
major hemorrhagic events.
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Introduction

Approximately 15.5 million deaths from car-
diovascular disease (CVD) occur every year. Of
these, approximately 50% are due to acute my-
ocardial infarction or major complications of an
acute coronary syndrome (ACS)1. The currently
accepted pathogenesis of ACS includes plaque
rupture and platelet activation eventually leading
to intracoronary thrombosis. As a result, an-
tiplatelet and antithrombin agents form the foun-
dation for medical management of all types of
acute coronary syndromes2. Although aspirin and
fibrinolytic agents have demonstrated unequivo-
cal benefit in the treatment of STEMI, the evi-
dence regarding the benefit of the antithrombin
agents in this setting is less clear. This ambiguity
is reflected in the most recent iteration of the
ACC/AHA Guidelines for the Management of
Patients With ST-elevation Myocardial Infarction
(STEMI). Among patients undergoing reperfu-
sion therapy UFH is generally assigned a Class I,
Level C designation meaning that its use is rec-
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ommended but that the level of evidence is limit-
ed and based primarily on expert opinion. In con-
trast, the use of LMWH for STEMI patients un-
dergoing reperfusion therapy is generally given a
Class II with Level B designation3 This designa-
tion includes the caveat that in patients over the
age of 75 receiving fibrinolytic therapy, and in
patients with known renal dysfunction, UFH
should be used instead of LMWH. This review
proposes to search for studies that use LMWH as
first line treatment in STEMI patients to obtain a
better understanding of its effectiveness, quanti-
fying the clinical benefit through both a frequen-
tist and Bayesian metanalysis.

Materials and Methods

Search Strategy
For this review, literature was searched for

every randomized, blinded, controlled, prospec-
tive studies comparing subcutaneous LMWH and
other antithrombin agents or placebo in acute the
setting of STEMI. Only studies including adult
patients (age >18) presenting with STEMI re-
quiring immediate treatment were considered eli-
gible. 

We searched the Cocrhane Controlled Trials
Registered (the Cochrane Library, 2010),
MEDLINE (January 1966 to December 2005),
EMBASE (1980 to December 2010) and refer-
ence lists of original articles. Previous meta-
analyses4-7 and other reviews were analyzed and
their reference lists considered. There were no
language restrictions. No unpublished data were
considered. 

The search consisted of the following terms:
<heparin> or <low molecular weight heparin> or
<LWMH> or <nadroparin> or <fraxiparin> or
<enoxaparin> or <dalteparin> or <ardeparin> or
<tinzaparin> or <reviparin> or <clexane> or
<lovenox> or <certoparin> or <sandoparin> and
<myocardial infarction> and <STEMI>. 

Further hand-search on bibliographies journal
was performed in order to locate additional stud-
ies, and abstracts from major international cardi-
ology meetings (American College of Cardiolo-
gy [ACC], American Heart Association [AHA],
and European Society of Cardiology [ESC]) held
during the last 5 years were reviewed. A hierar-
chical approach based on title, abstract, and the
published manuscript was used to assess rele-
vance of the studies examined.

Two authors (FB and CS) performed the
search independently. Abstracts of relevant cita-
tions were reviewed and full text extracted if the
study was described as randomized.

Each study was included in this review if
clearly described as randomized, described as
blinded and there was a report of withdrawals
and dropouts, showed a complete follow-up. On-
ly studies comparing intravenous UFH or
LMWH with placebo or untreated control or
compare intravenous UFH with LMWH were se-
lected. We avoided trials that evaluated the use of
subcutaneous UFH because this is not recom-
mended in the treatment of STEMI and has not
undergone further randomized evaluation since it
was last reviewed8. Inquiries regarding each
study were solved with a consensus from all Au-
thors.

Data Extraction and Statistical Analysis
Primary outcome measures were any death

and/or reinfarction. Secondary outcome mea-
sures were any major hemorrhage (fall in hemo-
globin level of >2 g/dl; requirement of transfu-
sion; intracranial, retroperitoneal, or intraocular
bleeding; hemorrhage resulting in death or cessa-
tion of the study treatment) at any time during
the study. All follow-up intervals were accepted.
However, the 30 day follow-up (long-term) was
considered as primary end-point for the analysis.

Raw data were extracted from each trial and a
2×2 table constructed for all outcome measures
of interest. No surrogate data were considered,
such as Odd ratios or inverse p-values. Where
data were not reported, the study was excluded
from the analysis. All data were recorded in a
dedicated spreadsheet using Excel version 11.0
(Microsoft, Redmond, WA, USA). Further analy-
sis was performed using Excel version 11.0 and
SPSS version 12 (Chicago, IL, USA).

From raw data Odd’s Ratios (OR) and 95%
Confidence Intervals (CI) were calculated and re-
sults compared with those published in the origi-
nal articles to assess quality.

Odd’s Ratios were plotted against sample size
(funnel plot) to visually inspect the presence of
publication biases. Then, the logarithms of the
ORs were regressed on precision (1/standard er-
ror (SE)), as described by Eggers et al9, evaluat-
ing the deviation of the intercept from 0 (no bias-
es present). This method provides a quantitative
index for the symmetry of the funnel plot.

To combine the ORs for the primary and sec-
ondary outcomes, a frequentist approach was
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(AMI-SK, BIOMACS II)21,26, Tenekteplase, used
in different settings, (ASSENT-3, ASSENT-3
PLUS, ENTIRE TIMI 2322-24 or recombinant t-PA
(HART II)25. All trials reported results on mortal-
ity or re-infarction at 30 days. Only one trial
(BIOMACS II) showed a trend toward inferiority
of LMWH26. Out of 13 studies, 8 used enoxa-
parin (62%), 3 dalteparin (22%), 1 reviparin
(8%) and 1 parnaparin (8%).

Ten trials (77%) reported detailed data about
major hemorrhagic events during the 30 days of
follow-up.

The funnel plot (Figure 1A) demonstrates a
pattern of discrete symmetry with the exception
of the ENTIRE-TIMI23 trial which, despite a rel-
atively small sample size, reports a highly favor-
able outcome (OR 0.38, 95% CI 0.23-0.65) for
the LMWH arm. This visual impression is con-
firmed by the meta-regression analysis (Figure
1B). The deviate from the 0 of the intercept (no
biases present between studies) is 0.23 when con-
sidering all trials and 0.08 if the ENTIRE-TIMI23
is excluded. Despite this small bias, no reasons
were clearly identified to exclude the ENTIRE-
TIMI23 from further analysis.

Odd’s Ratios and 95% confidence intervals for
the random effect model for the primary (reduc-
tion in mortality/re-infarction) and secondary
(major hemorrhages) outcomes are provided in
Figures 2 and 3. The frequentist meta-analysis
shows a significant reduction in mortality and re-
infarction at 30 days for the overall composite
measure (i.e. considering all trials regardless the
control arm) with a OR of 0.79 (95% CI 0.67-
0.94) and a trend toward significance considering
only trials comparing directly LMWH and UFH
with a OR of 0.74 (95% CI 0.54-1.02). Q test re-
sults were respectively 0.22 with 12 degrees of
freedom and 0.11 with 7 degrees of freedom, in-
dicating no heterogeneity among studies. For
major hemorrhagic events, ORs were respective-
ly 1.40 (95% CI 0.80-2.47) and 1.04 (95% CI
0.58-1.87) indicating an increase in the number
of bleeds in LMWH arm compared to placebo,
though this number did not reach significance (Q
test with p=0.35, with 7 degrees of freedom).

Figure 4 A shows results from the sensitivity
analysis when each study is entered in sequence
according to its publication date. The initial prior
distribution has mean 0 and SD 10 and is known
as “uninformative prior”. Four levels of clinical
benefit are plotted. When all studies are includ-
ed, clinical benefit appears to be between 10%
and 15%. In addition, the ASSENT-3 trial seems

applied, using the Der Simonian-Laird random
effect model. A Cochran Q test for heterogene-
ity was used to check inter-studies bias with a p
value of 0.1 ????? as threshold for bias interfer-
ence. 

Then, for the primary outcome measure, a
Bayesian approach (sensitivity analysis) was
used to assess the consistency of results obtained,
in terms of clinical benefit. A prior distribution
with mean of 0 and a standard deviation (SD) of
10 was used as pre-analysis distribution (indiffer-
ent prior). Studies were entered in sequence in
the sensitivity analysis according to their publi-
cation date and the posterior distribution drawn
in each step. When the last study was entered,
the posterior distribution obtained represented
the overall and combined posterior distribution.
All ORs were entered in a logarithmic transform
to ensure normal distribution. Clinical benefit of
5%, 10%, 15% and 20% were analyzed. The
same analysis was performed for all of the stud-
ies together regardless of their control arm and
on those whose compare LMWH to UHF. 

Results

Out of 2,046 publications, 216 abstracts were
reviewed and 23 randomized studies using
LMWH in STEMI found. 10 studies were not in-
cluded in the analysis due to different reasons
than study setting. The GISSI10, GUSTO11 and
ISIS12 trials were not included because they used
not LMWH but subcutaneous UFH; the
ATLAST13, Glick et al14, FACT15 and REDUCE16

trials enrolled patients after angioplasty or other
primary revascularization, not in the acute set-
ting. The TIMI11B17 and ESSENCE18 enrolled
both STEMI and NSTEMI patients. Finally, the
study from Tatu-Chitoiu et al performed on
199819 did not report mortality and re-infarction
rate at 30 days and, therefore, was excluded from
our review.

In conclusion, 13 studies met the selection
criteria and were, therefore, included in this re-
view. Individual trial design and outcome
events are reported in Table I. In total, 26,719
total patients presenting with STEMI were en-
rolled to either LMWH or placebo (5 trials,
17,980 patients, 67.6% of the total), or LMWH
or UFH (8 trials, 8,622 patients, 32.4% of the
total) plus some other revascularization treat-
ment, such as PTCA (CREATE)20, Streptokinase
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Death Re-MI Major
Trial Year Treatment N Setting Bleeds

FRAMI28 1997 Dalteparin 388 Starter 8 hrs after thrombolytic 23 6 11
Placebo 388 8 1

ASENOX19 1998 Enoxaparin 158 Adjunct to SK 11 NR NR
UFH 154 13

BIOMACS II26 1999 Dalteparin 54 Adjunct to thrombolytic 4 8 5
Placebo 47 6 2 0

FAMI29 2000 Dalteparin 519 AMI patients 35 NR NR
Placebo 518 36

HART II25 2001 Enoxaparin 200 Adjunct to tPA 9 8 7
UFH 200 10 8 6

ASSENT-322 2001 Enoxaparin 2040 Adjunk to TNK 109 54 62
UFH 2038 122 86 44

BAIRD27 2001 Enoxaparin 149 Adjunct to thrombolytic 9 22 5
UFH 151 16 30 6

AMI-SK21 2002 Enoxaparin 253 Adjunct to SK 17 6 4
Placebo 243 17 18 2

ENTIRE- 2002 Enoxaparin 324 Adjunct to TNK and Abx 10 22 17
TIMI2324 UFH 159 5 30 6

TETAMI30 2003 Enoxaparin 604 AMI patients ineligible for reperfusion 42 15 9
UFH 620 41 18 8

ASSENT-3 2003 Enoxaparin 818 Preospital adiunct to TNK 61 29 33 
PLUS23 UFH 821 49 48 23

CREATE20 2004 Reviparin 7780 AMI patients 766 154 71
Placebo 7790 877 199 28

ASENOX32 2004 Enoxaparin 165 Adiunct to SK 10 NR NR
UFH 264 18

Zhang Y et al31 2004 Parnaparin 96 Adjunct to thrombolytic 33 NR 3
UFH 90 38 9

Table I. Trials design.

Re-Mi, Reinfarction; NR, Not Recorded; tPA, Tissue Plasminogen Activator; Abx, abciximab; TNK, tenecteplase; SK, streptoki-

Figure 1. A, Funnel Plot. B, Meta-regression. Dashed line is obtained excluding the ENTIRE-TIMI23 study indicated in the
plot with the squared point (see text for details). SE: standard error. Equations for meta-regression are respectively
y=0.0007×–0.23 (for all trials considered) and y=–0.0487×-0.08 (not considering the ENTIRE-TIMI23).
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to influence the posterior probability distribution
more than other studies raising the probability of
benefit. The ENTIRE-TIMI23 study, although
identified as biased in the previous analysis, ap-
pears to influence more for high threshold of
clinical benefit (15% and 20%) rather than the

low ones (5% and 10%) indicating that its result
could be considered as a true outlier rather than
representative of real bias. We can reliably sup-
pose that this finding is deeply related to the trial
design itself which makes the study not suitable
for the analysis.
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Figure 2. Results from Der Simonian-Laird random effect model for the primary outcome (deaths/re-infarction 30 days).
Each bar represents the OR and relative 95% confidence interval. For clarity the y-axis is limited to 2 and the upper confidence
limits for BIOMACS is 3.77. COMPOSITE: it is the composite OR and 95% CI for all studies. LMWH vs UFH: it represents
the composite OR and 95% CI considering only those studies comparing LMWH and UFH.

Figure 3. Results from Der Simonian-Laird random effect model for the secondary outcome (major hemorrhages). Each bar
represents the OR and relative 95% confidence interval. For clarity the y-axis is limited to 4 and the upper confidence limits
for AMI-SK and FRAMI are respectively 10.76 and 87.49. COMPOSITE: it is the composite OR and 95% CI for all studies.
LMWH vs UFH: it represents the composite OR and 95% CI considering only those studies comparing LMWH and UFH.
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Plotting the overall posterior distribution against
the threshold of benefit (Figure 4B), sensitivity
analysis shows a clinical benefit of 6% with a
probability of 99% compared to both placebo and
UFH and a clinical benefit of 12.5% with a proba-

bility of 95%. This result is more conservative than
that obtained with a frequentist approach. This is to
be expected as we started with an uninformative
prior, but does confirm a benefit regarding the use
of LMWH in STEMI.
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Figure 4. A, Posterior probability for each trial entered in the sensitivity analysis. The graph must be read from the left to the
right as: FRAMI given uninformative prior, FACT given FRAMI and the uninformative prior and so forth. The uninformative
prior used is a probability distribution with mean of 0 and SD of 10. Each line represents a clinical benefit threshold with a
magnitude indicated in the legend. B, Overall posterior probability (all studies entered) plotted against the threshold of benefit.
“12.5%” indicates where the distribution crosses the 95% of probability.
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Discussion

In this review 13 randomized blinded trials in-
vestigating LMWH as first line therapy in STEMI
patients were identified. These studies appear to
be heterogeneous with regards to their control
arms. The initial reperfusion therapy in STEMI
typically includes a combination of drugs and in-
terventional treatments. This variety has the po-
tential to introduce bias when a meta-analysis is
performed as only one aspect of the treatment
protocol involves any single intervention (i.e. the
choice of antithrombin agent). For this reason, a
random effect model was used to account for the
expected degree of variability. The Cochran Q
test confirms this initial impression showing p-
values of 0.22 and 0.11, technically providing ad-
equate evidence to accept the null hypothesis that
non significant heterogeneity exists among stud-
ies. The LWMH arms are more homogeneous be-
tween studies in terms of dose and duration of
therapy. In all studies considered, patients re-
ceived LMWH within 24 hours of the diagnosis
of STEMI. Only one study (ENTIRE-TIMI23), as
noted before, showed a biased result based on
funnel plot and meta-regression. This could be in
part due to the study design which enrolled pa-
tients in a ratio 2 to 1. As no other technical and
conceptual reasons for bias were identified, we
decided to include the study in the analysis. Sen-
sitivity analysis showed no important influence of
this trial on the overall posterior probability and
instead identified the ASSENT-3 trial as the study
with the most impact, suggesting that the effect of
any bias introduced by the ENTIRE-TIMI23 is
small. On the other hand, we included in the met-
analysis data obtained from studies performed
with different molecules belonging to the LMWH
class, Enoxaparin, Dalteparin, Reviparin and Par-
naparin. Each drug evaluated in the study has
been independently demonstrated to be superior
to the unfractionated heparin in terms of both
clinical outcomes and therapy management in
several different clinical settings. Interestingly,
this is far to represent a source of potential bias in
our study as the proportional benefits produced in
these studies were equivalent and the Cochran Q
test failed to provide any significant evidence of
hetereogeneity among these studies33-37.

The frequentist random effect model demon-
strated a significant reduction on mortality and
re-infarction at 30 days (OR 0.79, 95% CI 0.67-
0.94) for LMWH compared to controls with no
significant increase on major hemorrhagic

events. When compared to UFH, LMWH
showed a trend toward reduction on mortality
and reinfarction although the upper confidence
limit for the Odd’s ratio crosses slightly the value
of 1 (1.02). Sensitivity analysis though, identified
a 6% of reduction in mortality and re-infarction
with a probability of 99% indicating a small, but
measurable improvement in outcome. Clinical
benefit is even higher if instead of 99% we con-
sider 95% as threshold of acceptable probability.
At this level, measured clinical benefit becomes
12.5%. This method has the advantage of quanti-
fying the threshold of benefit despite any power
assigned to the original trial and weighting for the
‘sample size effect’ on p-values. These data are
consistent with the findings of the CLARITY-TI-
MI 28 trial which recently showed the superiori-
ty of LMWH in improving angiographic out-
comes and reducing major cardiac adverse
events38. One factor that may reliably account for
the difference in effectiveness of LMWH com-
pared with UFH to prevent reinfarction in pa-
tients with STEMI is differences in the duration
of anticoagulation and in the drugs pharmacoki-
netics. In direct head-to-head comparisons, most
patients receiving UFH were treated for 2 to 4
days, whereas those receiving LMWH were
mostly treated for between 4 and 8 days. More-
over, the longer half-life of LMWH compared
with UFH may have blunted or eliminated the re-
bound procoagulant effect that occurs after intra-
venous UFH is stopped39. 

A trend toward more hemorrhagic events can
be in part explained by the longer duration of the
therapy for the LMWH group (median 5 days)
compared to the UFH group (median 3 days).
This trend, though, does not reach statistical
significance and appear to be close to 1 (zero in-
crease) when studies with placebo as controls are
detrended from the analysis.

Recently, Eikelboom et al40 published a met-
analysis of randomized trials on the use of
UFH and LMWH as adiunct to thrombolysis in
aspirin treated patient with STEMI. Only stud-
ies involving heparin as an adiunct to throm-
bolysis were evaluated. In our report we con-
firmed their findings and encompassed trials
dealing with the use of all the different revas-
cularization treatments associated with UFH
and LMWH. Additionally, our results are in ac-
cord with another recent analysis from Singh et
al41 showing a reduction of re-infartion rate at
30 days in the LMWH group and an increased
risk of major bleeding using a non Bayesian
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approach. Interestingly, our findings were simi-
lar to those obtained by Murphy et al42 in anoth-
er non Bayesian metanalysis involving both
STEMI and NSTEMI groups, thus potentially
indicating common mechanisms of action in
both the clinical settings. The random effect
model, used to account for the expected degree
of variability, produced an adequate evidence to
accept the null hypothesis that non significant
heterogeneity exists among studies, allowing to
compare the effect of LMWH in all the possible
clinical settings. This approach does not allow
itself to quantify statistical significance of the
threshold of benefit and, compared with a
bayesan approach, could be biased because of
the relevant dimensions of the sample size. In
the bayesian approach, the use of prior proba-
bility distributions represents a powerful mech-
anism for incorporating information from pre-
vious studies and for controlling confounding
variables. The further achievement of posterior
probabilities provide a direct probability state-
ments that can be used as easier interpretable
alternatives to p values. It is of greatest value
in those situations in which statistical signifi-
cance may bear little relation to clinical signifi-
cance and a conventional analysis using p val-
ues is liable to be misleading. This includes cir-
cumstances in which an important public health
or clinical decision must be based upon a study
that has unavoidably low statistical power.
However, it is also useful in situations in which
a decision must be based upon a large study
that indicates that an effect that is highly statis-
tically significant seems too small to be of
practical relevance.

Conclusion

LMWH is effective as first line antithrombotic
therapy in STEMI with no discernable disadvan-
tage compared to UFH. Although no advantages
can be statistically demonstrated, a trend toward
better outcome is clearly shown. This trend can
be quantified as an increase in clinical benefit of
5% with a probability of 100% or a clinical bene-
fit of 12.5% with a probability of 95% compared
with UFH or placebo. 

In patients with creatinine less than 2.5 mg/dl
(2.0 for women) and age less than 75, the evi-
dence shows that LMWH is effective in reducing
mortality and re-infarction at 30 days, with no

significant increase in major hemorrhagic events.
References

1) YUSUF S, REDDY S, OUNPUU S, ANAND S. Global bur-
den of cardiovascular diseases: part I: general
considerations, the epidemiologic transition, risk
factors, and impact of urbanization. Circulation
2001; 104: 2746-2753.

2) YUSUF S, WITTES J, FRIEDMAN L. Overview of results
of randomized clinical trials in heart disease: I.
Treatments following myocardial infarction. JAMA
1988; 260: 2088-2093.

3) POLLACK JR. CV, DIERCKS DB, ROE MT, PETERSON ED.
2004 American College of Cardiology/American
Heart Association Guidelines for the manage-
ment of patients with ST-Elevation myocardial in-
farction: implications for Emergency Department
practice. Ann Emerg Med 2005; 45: 363-376.

4) THEROUX P,WELSH RC. META-ANALYSIS OF RANDOMized
trials comparing enoxaparin versus unfractionat-
ed heparin as adjunctive therapy to fibrinolysis in
ST-elevation acute myocardial infarction. Am J
Cardiol 2003; 91: 860-864.

5) EIKELBOOM JW, QUINLAN DJ, MEHTA SR, TURPIE AG,
MENOWN IB, YUSUF S. Unfractionated and low-mol-
ecular-weight heparin as adjuncts to thrombolysis
in aspirin-treated patients with ST-elevation acute
myocardial infarction: a meta-analysis of the ran-
domized trials. Circulation 2005; 112: 3855-3867.

6) KEELEY EC, BOURA JA, GRINES CL. Primary angio-
plasty versus intravenous thrombolytic therapy for
acute myocardial infarction: a quantitative review
of 23 randomised trials. Lancet 2003; 361: 13-20. 

7) EIKELBOOM JW, QUINLAN DJ, MEHTA SR, TURPIE AG,
MENOWN IB, YUSUF S. Unfractionated and low-
molecular-weight heparin as adjuncts to throm-
bolysis in aspirin-treated patients with ST-eleva-
tion acute myocardial infarction: a meta-analy-
sis of the randomized trials. Circulation 2005;
112: 3855-3867. 

8) COLLINS R, PETO R, BAIGENT C, SLEIGHT P. Aspirin, he-
parin, and fibrinolytic therapy in suspected acute
myocardial infarction. N Engl J Med 1997; 336:
847-860.

9) EGGERS M, SMITH GD, SCHNEIDET M MINDER C. Bias in
meta-analysis detected by a simple, graphical
test. Br Med J 1997; 315: 629-634.

10) GRUPPO ITALIANO PER LO STUDIO DELLA SOPRAVVIVENZA

NELL’INFARTO MIOCARDICO. GISSI-2: a factorial ran-
domized trial of alteplase versus streptokinase
and heparin versus no heparin among 12 490 pa-
tients with acute myocardial infarction. Lancet
1990; 336: 65-71.

11) THE GUSTO INVESTIGATORS. An international ran-
domized trial comparing four thrombolytic strate-
gies for acute myocardial infarction. N Engl J Med
1993; 329: 673-682.

12) ISIS-3 (THIRD INTERNATIONAL STUDY OF INFARCT SURVIVAL)

F. Buccelletti, C. Spadaccio, M. Chello, D. Marsiliani, A. Carroccia, P. Iacomini, et al.



COLLABORATIVE GROUP. ISIS-3: a randomized com-
parison of streptokinase vs tissue plasminogen
activator vs anistreplase and of aspirin plus he-
parin vs aspirin alone among 41 229 cases of
suspected acute myocardial infarction. Lancet
1992;339:754-769.

13) WAYNE B. BATCHELOR, KENNETH W. MAHAFFEY, PETER B.
Berger, Deutsch E, Meier S, Hasselblad, Fry ET,
Teirstein PS, Ross AM, Binanay CA, Zidar JP. A
randomized, placebo-controlled trial of enoxa-
parin after high-risk coronary stenting: The AT-
LAST Trial. J Am Coll Cardiol. 2001 15;38: 1608-
1613.

14) GLICK A, KORNOWSKI R, MICHOWICH Y, KOIFMAN B,
ROTH A, LANIADO S, KEREN G. Reduction of reinfarc-
tion and angina with use of low-molecular-weight
heparin therapy after streptokinase (and heparin)
in acute myocardial infarction. Am J Cardiol
1996;77:1145-1148.

15) LABLANCHE JM, MCFADDEN EP, MENEVEAU N, LUSSON

JR, BERTRAND B, METZGER JP, LEGRAND V, GROLLIER G,
MACAYA C, DE BRUYNE B, VAHANIAN A, GRENTZINGER A,
MASQUET C, WOLF JE, TOBELEM G, FONTECAVE S,
VACHERON A, D'AZEMAR P, BERTRAND ME. Effect of
nadroparin, a low-molecular-weight heparin, on
clinical and angiographic restenosis after coro-
nary balloon angioplasty : the FACT study. Fraxi-
parine Angioplastie Coronaire Transluminale. Cir-
culation. 1997 Nov 18; 96: 3396-3402. 

16) KARSCH KR, PREISACK MB, BAILDON R, ESCHENFELDER V,
FOLEY D, GARCIA EJ, KALTENBACH M, MEISNER C, SELB-
MANN HK, SERRUYS PW, SHIU MF, SUJATTA M, BONAN R.
Low molecular weight heparin (reviparin) in per-
cutaneous transluminal coronary angioplasty. Re-
sults of a randomized, double-blind, unfractionat-
ed heparin and placebo-controlled, multicenter tri-
al (REDUCE trial). Reduction of restenosis after
PTCA, early administration of reviparin in a dou-
ble-blind unfractionated heparin and placebo-con-
trolled evaluation. J Am Coll Cardiol 1996; 28:
1437-1443. 

17) ANTMAN EM, MCCABE CH, GURFINKEL EP, TURPIE AG,
BERNINK PJ, SALEIN D, BAYES DE LUNA A, FOX K,
LABLANCHE JM, RADLEY D, PREMMEREUR J, BRAUNWALD

E. Enoxaparin prevents death and cardiac is-
chemic events in unstable angina/non-Q-wave
myocardial infarction. Results of the thrombolysis
myocardial infarction (TIMI) 11B trial. Circulation
1999; 100: 1593-1601.

18) BIJSTERVELD NR, PETERS RJ, MURPHY SA, BERNINK PJ, TI-
JSSEN JG, COHEN M. Recurrent cardiac ischemic
events early after discontinuation of short-term
heparin treatment in acute coronary syndromes:
results from the thrombolysis in myocardial infarc-
tion (TIMI) 11B and efficacy and safety of subcu-
taneous enoxaparin in non-Q-wave coronary
events (ESSENCE) studies. J Am Coll Cardiol
2003; 42: 2083-2089. 

19) TATU-CHITOIU G, TEODORESCU C, FLUERASU A, CAPRARU

P, GURAN M, DAN M, CHIONCEL V, BUMBU A, CORNACIU

S. Accelerated streptokinase–a new thrombolytic

regimen in acute myocardial infarction. Rom J In-
tern Med 1998; 36: 183-196.

20) YUSUF S, MEHTA SR, XIE C, AHMED RJ, XAVIER D, PAIS

P, ZHU J, LIU L. CREATE Trial Group Investigators.
Effects of reviparin, a low-molecular-weight he-
parin, on mortality, reinfarction, and strokes in pa-
tients with acute myocardial infarction presenting
with ST-segment elevation. JAMA 2005; 293:
427-435. 

21) SIMOONS M, KRZEMINSKA-PAKULA M, ALONSO A, GOOD-
MAN S, KALI A, LOOS U, GOSSET F, LOUER V, BIGONZI F.
Improved reperfusion and clinical outcome with
enoxaparin as an adjunct to streptokinase throm-
bolysis in acute myocardial infarction. The AMI-
SK study. Eur Heart J 2002; 23: 1282-1290.

22) THE ASSESSMENT OF THE SAFETY AND EFFICACY OF A

NEW THROMBOLYTIC REGIMEN (ASSENT)-3 INVESTIGA-
TORS. Efficacy and safety of tenecteplase in
combination with enoxaparin, abciximab, or un-
fractionated heparin: the ASSENT-3 random-
ized trial in acute myocardial infarction. Lancet
2001; 358: 605-661.

23) WALLENTIN L, DELLBORG DM, LINDAHL B, NILSSON T,
PEHRSSON K, SWAHN E. The low molecular-weight
heparin dalteparin as adjuvant therapy in acute
myocardial infarction: the ASSENT PLUS study.
Clin Cardiol 2001; 24(suppl 3): I12-I14.

24) ANTMAN EM, LOUWERENBURG HW, BAARS HF, WESDORP

JC, HAMER B, BASSAND JP, BIGONZI F, PISAPIA G, GIB-
SON CM, HEIDBUCHEL H, BRAUNWALD E, VAN DE WERF

F. Enoxaparin as adjunctive antithrombin therapy
for ST-elevation myocardial infarction: results of
the ENTIRE-Thrombolysis In Myocardial Infarc-
tion (TIMI) 23 trial. Circulation 2002; 105: 1642-
1649.

25) ROSS AM, MOLHOEK P, LUNDERGAN C, KNUDTSON M,
DRAOUI Y, REGALADO L, LE LOUER V, BIGONZI F,
SCHWARTZ W, DE JONG E, COYNE K. for the HART II
Investigators. Randomized comparison of enoxa-
parin, a low-molecular-weight heparin, with un-
fractionated heparin adjunctive to recombinant
tissue plasminogen activator thrombolysis and
aspirin: second trial of Heparin and Aspirin
Reperfusion Therapy (HART II). Circulation 2001;
104: 648-652.

26) FROSTFELDT G, AHLBERG G, GUSTAFSSON G, HELMIUS G,
LINDAHL B, NYGREN A, SIEGBAHN A, SWAHN E, VENGE P,
WALLENTIN L. Low molecular weight heparin (dal-
teparin) as adjuvant treatment of thrombolysis in
acute myocardial infarction–a pilot study: Bio-
chemical markers in acute coronary syndromes
(BIOMACS II). J Am Coll Cardiol 1999; 33: 627-
633.

27) BAIRD SH, MENOWN IB, MCBRIDE SJ, TROUTON TG,
WILSON C. Randomized comparison of enoxaparin
with unfractionated heparin following fibrinolytic
therapy for acute myocardial infarction. Eur Heart
J 2002; 23: 627-632. 

28) KONTNY F, DALE J, ABILDGAARD U, PEDERSEN TR. ON BE-

709

LMWH vs UFH in STEMI a metanalysis



710

HALF OF THE FRAMI STUDY GROUP. Randomized trial
of low molecular weight heparin (dalteparin) in
prevention of left ventricular thrombus formation
and arterial embolism after acute anterior my-
ocardial infarction: the Fragmin in Acute Myocar-
dial Infarction (FRAMI) Study. J Am Coll Cardiol
1997; 30: 962-969.

29) KAKKAR VV, IYENGAR SS, DELORENZO F, HARGREAVES JR,
KADZIOLA ZA. Low molecular weight heparin for
treatment of acute myocardial infarction (FAMI):
Fragmin (dalteparin sodium) in acute myocardial
infarction. Indian Heart J 2000; 52: 533-539.

30) COHEN M, GENSINI GF, MARITZ F, GURFINKEL EP, HUBER

K, TIMERMAN A, KRZEMINSKA-PAKULA M, DANCHIN N,
WHITE HD, SANTOPINTO J, BIGONZI F, HECQUET C, VIT-
TORI L; TETAMI INVESTIGATORS. The safety and effica-
cy of subcutaneous enoxaparin versus intra-
venous unfractionated heparin and tirofiban ver-
sus placebo in the treatment of acute ST-seg-
ment elevation myocardial infarction patients inel-
igible for reperfusion (TETAMI): a randomized tri-
al. J Am Coll Cardiol 2003; 42: 1348-1356.

31) ZHANG Y, WANG XK, YANG CM, LIU GY. Use of un-
fractionated heparin and a low-molecular-weight
heparin following thrombolytic therapy for acute
ST-segment elevation myocardial infarction. Di Yi
Jun Yi Da Xue Xue Bao 2004; 24: 81-84. 

32) TATU-CHITOIU G, TEODORESCU C, CAPRARU P, GURAN M,
ISTRATESCU O, DAN M, TATU-CHITOIU A, BUMBU A,
CHIONCEL V, DOROBANTU M. Accelerated streptoki-
nase and enoxaparin in ST-segment elevation
acute myocardial infarction (the ASENOX study).
Polish J Cardiol 2004; 60: 441-446. 

33) ANTMAN EM, MORROW DA, MCCABE CH, MURPHY SA,
RUDA M, SADOWSKI Z, BUDAJ A, LOPEZ-SENDON JL,
GUNERI S, JIANG F, WHITE HD, FOX KA, BRAUNWALD E.
ExTRACT-TIMI 25 Investigators. Enoxaparin ver-
sus unfractionated heparin with fibrinolysis for
ST-elevation myocardial infarction. N Engl J Med
2006; 354: 1477-1488.

34) NATARAJAN MK, VELIANOU JL, TURPIE AG, MEHTA SR,
RACO D, GOODHART DM, AFZAL R, GINSBERG JS. A
randomized pilot study of dalteparin versus un-
fractionated heparin during percutaneous coro-
nary interventions. Am Heart J. 2006;151:175.

35) MASSICOTTE P, JUL IAN JA, GENT M, SHIELDS K,
MARZINOTTO V, SZECHTMAN B, ANDREW M; REVIVE
STUDY GROUP. An open-label randomized controlled
trial of low molecular weight heparin compared to
heparin and coumadin for the treatment of ve-

nous thromboembolic events in children: the RE-
VIVE trial. Thromb Res. 2003; 109: 85-92.

36) PRIME CARE STUDY INVESTIGATORS GROUP. Compara-
tive efficacy of once daily parnaparin and unfrac-
tionated heparin in unstable angina pectoris:
PRIME CARE study. Indian Heart J 2005; 57:
648-654. 

37) FRAMPTON JE, FAULDS D. Parnaparin. A review of its
pharmacology, and clinical application in the pre-
vention and treatment of thromboembolic and
other vascular disorders. Drugs 1994; 47: 652-
676.

38) SABATINE MS, MORROW DA, MONTALESCOT G, DELL-
BORG M, LEIVA-PONS JL, KELTAI M, MURPHY SA, MC-
CABE CH, GIBSON CM, CANNON CP, ANTMAN EM,
BRAUNWALD E; CLOPIDOGREL AS ADJUNCTIVE REPERFU-
SION THERAPY (CLARITY)-THROMBOLYSIS IN MYOCARDIAL

INFARCTION (TIMI) 28 INVESTIGATORS. Angiographic
and clinical outcomes in patients receiving low-
molecular-weight heparin versus unfractionated
heparin in ST-elevation myocardial infarction
treated with fibrinolytics in the CLARITY-TIMI 28
trial. Circulation 2005; 112: 3846-3854.

39) BIJSTERVELD NR, PETERS RJ, MURPHY SA, BERNINK PJ, TI-
JSSEN JG, COHEN M. Recurrent cardiac ischemic
events early after discontinuation of short-term
heparin treatment in acute coronary syndromes:
results from the Thrombolysis in Myocardial In-
farction (TIMI) 11B and Efficacy and Safety of
Subcutaneous Enoxaparin in Non-Q-Wave Coro-
nary Events (ESSENCE) studies. J Am Coll Car-
diol 2003; 42: 2083-2089.

40) EIKELBOOM JW, QUINLAN DJ, MEHTA SR, TURPIE AG,
MENOWN IB, YUSUF S. Unfractionated and low-
molecular-weight heparin as adjuncts to throm-
bolysis in aspirin-treated patients with ST-eleva-
tion acute myocardial infarction: A meta-analy-
sis of the randomized trials. Circulation 2005;
112; 3855-3867.

41) SINGH S, BAHEKAR A, MOLNAR J, KHOSLA S, ARORA R.
Adjunctive low molecular weight heparin during
fibrinolytic therapy in acute ST-segment elevation
myocardial infarction: a meta-analysis of random-
ized control trials. Clin Cardiol 2009; 32: 358-364.

42) MURPHY SA, GIBSON CM, MORROW DA, VAN DE

WERF F, MENOWN IB, GOODMAN SG, MAHAFFEY KW,
COHEN M, MCCABE CH, ANTMAN EM, BRAUNWALD E.
Efficacy and safety of the low-molecular weight
heparin enoxaparin compared with unfractionat-
ed heparin across the acute coronary syndrome
spectrum: a meta-analysis. Eur Heart J 2007;
28: 2077-2086.

F. Buccelletti, C. Spadaccio, M. Chello, D. Marsiliani, A. Carroccia, P. Iacomini, et al.


