Updade

Pharmacological and Clinical Evidence for the Use of Low-
Molecular-Weight Heparins in Acute Coronary Syndromes

Guido Aranha Rosito, Otévio Berwanger da Silva, Jorge Pinto Ribeiro

Porto Alegre, RS - Brazil

Acute coronary syndromes compriseclinical entities
with variable prognoses, such as non-Q-wave acute
myocardial infarction and unstableangina®*. Theunifica-
tion of different manifestations of myocardial ischemia
under asingleterm, eventhough questionable, reflectstheir
similar pathophysiology. Erosion, fissure, or rupture of a
relatively small atherosclerotic plague %7, which usually
obstructslessthan 50% of thearterial lumen &%°, promotes
platelet activation and thrombin generation, forming a
thrombus 112,

Therefore, inhibition of the thrombin activity with
heparin associ ated with aplatel et aggregationinhibitor, such
asaspirin, seemsto bearational approach. Thishypothesis
has been tested in several randomized studies >, with
results favoring the use of this combination, even though
the efficacy of heparin has been questioned. The meta-
analysishy Oler et al *® confirmed thesefindings, showing
that heparin in combination with aspirin reduces the
combined outcome of death and acute myocardial infarc-
tion by 33%. It is noteworthy that, isolated, the studies
includedinthisreview had methodol ogical limitationsand
heterogeneous results. In addition, clinical and practical
disadvantages of heparin use, such as the need for
monitoring the activated partial thromboplastin time, the
little predictabl eanticoagul ant response, and theinduction
of thrombocytopenia, hasled to anincreased interest in
low-molecular-weight heparins 2, Recently, theefficacy of
these drugs in unstabl e angina and acute myocardial
infarction without elevation of the ST segment has been
tested in several randomized studies?-?’, amongwhichare
FRISCZ, FRISCII Z, FRIC#*, ESSENCE %, FRAXIS%,and
TIMI 11B #. The analysis of the above cited studies

Hospital de Clinicas de Porto Alegre and Faculdade de Medicinada Universidade
Federal do Rio Grande do Sul

Mailing address: Guido Aranha Rosito - Servigo de Cardiologia - Hospital de
Clinicasde Porto Alegre - RuaRamiro Barcel os, 2350 - 90035-007 - Porto Alegre,
RS, Brazil, E-mail: guidorosito@cpovo.net

English version by Stela Maris C. e Gandour

suggestsadifferentiated efficacy for low-molecul ar-weight
heparins in acute coronary syndromes. The discrepant
results could be explained by pharmacol ogical charac-
teristics of each low-molecular-weight heparin or the
characteristics of each study. In this study, we analyzethe
pharmacol ogical and clinical evidencethat support theuse
of low-molecular-weight heparinsin acute coronary
syndromes.

Comparison of the pharmacology of low-mole-
cular-weight heparins

The knowledge of the fundamental pharmacological
characteristics of low-molecul ar-weight heparins should
providetheoretical basesfor the hypothesesto betestedin
clinical trids, inthesearchfor thebest evidence, inaddition
to rationalizing and individualizing the therapeutics 2.
Several theoretical advantagesin thepharmacol ogy of low-
molecul ar-weight heparins as compared with that of un-
fractionated heparin have been stressed. Theseadvantages
compriseamore predictableand long-lasting anticoagul ant
effect. However, thisdoesnot characterizelow-molecul ar-
weight heparins as a homogeneous group. Some pharma-
codynamic and pharmacokinetic peculiaritiesof eachdrug
could explainthedifferencesin efficacy inthetreatment of
coronary artery diseases.

Thefirst report on aprocessto obtainlow-molecular-
weight heparin dates from the 60s and was written by a
Brazilian scientist, Dietrich 3+%, Part of the anticoagul ant
effect of low-molecular-weight heparinsis due to the
activation of antithrombin (formerly known asantithrombin
I11), which isthe major mechanism of action of unfractio-
nated heparin®. However, unlikeconventional heparin, low-
mol ecular-wei ght heparinshavethehighest activity against
factor Xa, whichinhibitsthe conversion of prothrombinto
thrombin, resultinginahigher Xa/llaratio®. Therefore, the
major mechanism of action of low-molecular-weight
heparins precedes the thrombin stage, impairing its
generation.

In addition to this major mechanism of action, others
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may also contribute to the antithrombotic effect of low-
mol ecul ar-weight heparins, such asthe release of tissue
factor inhibitor, themodulation of thevascular endothelium,
and the stimulation of fibrinolysis. In addition, in vitro
studies have suggested that these drugs have antiplatel et
action, viainhibition of von Willebrand factor and the
expression of P-selectin®6%7,

Themajor pharmacokinetic differencesbetween low-
mol ecul ar-wei ght heparinsand unfractionated heparin are
basically explained by asmaller interaction with plasmatic
protein, endothelial cells, platelets, and macrophages %,
resultingin greater bioavailability. Low-molecular-weight
heparins undergo reduced hepatic metabolism and slow
and preponderant renal excretion, whichresultsina2-to 4-
fold longer half-life. The best bioavailability, the dose-
independent excretion, and thesmaller affinity for proteins
result in a predictable anticoagul ant response (tab. 1).
Therefore, laboratory monitoring is not required in most
patients, exceptinthosewithrenal failureandweighingless
than 50kg or morethan 80kg *, for whom measurement of
factor Xamay beuseful.

The major risk associated with the use of low-mole-
cular-weight heparinsisthe formation of hematomaat the
siteof druginjection. Intheclinical trialspreviously cited,
theincidence of major bleeding wasacceptableand ranged
from0t0 6.5%, and norelevant clinical differencesbetween
low-molecular-weight and unfractionated heparinswere
observed “°. Minor bleeding, on the other hand, was more
common when low-molecul ar-weight heparinswere used.
Inthe ESSENCE Study %, an episode of minor bleedingwas
found for every 21 patientsreceiving enoxaparin; in the
FRISC Study %, however, thisnumber was 12. Thisdiffe-
rence, however, was basically due to hematomas at the
sites of drug injection. Other undesired events, such as
thrombocytopenia and allergic reactions, wererarein
different studies, with rates lower than 1%. The great
disadvantage of the use of |ow-mol ecul ar-weight heparins
as compared with that of unfractionated heparin isthe
absence of an antidote with a dose-dependent response.
However, protamine may be used to antagonize part of the
action of low-molecular-weight heparins.

L ow-molecular-weight heparins have structural and
pharmacological differencesthat, theoretically, may
account for the different results obtained in the trial s of
acuteischemic syndromes. Low-molecul ar-weight heparins

Table| - Mechanisms responsible for the pharmacokinetic
advantages of low-molecular-weight heparins as compared with
unfractionated heparin

Advantag Mechanism

More predictable anticoagulant ~ Lower binding to plasma

response proteins

Better bioavailability Lower binding to the endothelium
Dose-independent excretion Lower binding to macrophages
Longer half-life Lower binding to macrophages

Adapted from Weitz JI. N Engl JMed 1997; 337: 688-97.

Rosito et al

L ow-molecular-weight heparins in acute coronary syndromes

are obtained from heparin through different physical or
chemical processes, or both. Nadroparinand dalteparinare
obtai ned through deamination cleavagewith nitrousoxide,
and enoxaparin is obtained through benzylation and
alkalinetreatment.

The pharmacokinetics of these 3 substances also
show differences (tab. I1). The absorption of nadroparinis
slower thanthat of dalteparin, which, inturn, isslower than
that of enoxaparin. Dalteparin hasthe shortest half-lifeand
enoxaparinthelongest. Theantifactor Xa/llaratio, whichis
themost important pharmacodynamic characteristicinthis
class of anticoagulants, is higher for enoxaparin, whose
value istwice or more than twice that of dalteparin and
similar to that of nadroparin. Theimportance of the action
upon factor Xain the treatment of acute ischemic syn-
dromeshasnot yet beentotally clarified. Onthebasisof the
resultsof theFRIC (dalteparin) # andthe TIMI 11B (enoxa-
parin) 7 studies, we can observe that patientstreated with
enoxaparin had higher level sof antifactor Xaactivity (0.5-
0.6 anti-XaUl/mL) as compared with those who received
dalteparin (0.35-0.37 Ul/mL). Thisdifferencesuggeststhat a
suboptimal anticoagulant effect may have occurred in the
FRIC study %, which may have contributed to the absence
of benefit with the use of dalteparin as compared with that
of regular heparin. Another biochemical parameter that has
recently beenthegoal of experimental and clinical research
isthe action of low-molecular-weight heparins upon the
von Willebrand factor. The early elevation of thelevels of
thisfactor has been associated with a higher incidence of
cardiovascular events, and enoxaparin has managed to
block this mechanism #, which the conventional heparin
could not do. The pharmacokinetic and pharmacodynamic
profilesof enoxaparin seem morefavorable(tab. I1), because
thisdrugismorerapidly absorbed, hasalonger actionanda
higher antifactor X&/llaratio ascompared with nadroparin
and dalteparin. These profiles may explain the higher
efficacy of enoxaparin ascompared withthat of theunfrac-
tionated heparin.

Evidence of randomized and controlled studies

Someinitial studies have compared low-molecular-
weight heparins with placebo. The pioneering study by
Gurfinkel et a # tested the effect of nadroparin associated
withacetylsalicylicacidinthetreatment of 211 patientswith
acute coronary syndromes. On the intention-to-treat
analysis, little efficacy was observed for the outcomefatal

Tablell - Molecular weight and pharmacological characteristics
of low-molecular-weight heparinsin humans

Molecular Bioavai- Half-life Xallla

weight lability ratio

Enoxaparin 3000 91% 4.5h 39
Nadroparin 3000 67% 3h 35
Dalteparin 5400 83% 2.3h 2.2
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refractory angina. No patient receiving low-molecular-
weight heparin had the outcome myocardial infarction as
compared with 9.5% of the group treated only with aspirin.
Thisstudy, duetoitslow statistical power and low inciden-
ceof events, should be considered preliminary evidence.

The FRISC study ? randomized 1,506 patients to
receive, inadditionto theantianginal treatment and acetyl-
salicylicacid, dalteparin or placebo. At theend of 6 months
of treatment, areduction inthe outcome of combined death
and acutemyocardial infarctionwasobserved. Thisbenefit
remained significant after 40 daysof trestment, but waslost
after 150daysof follow-up.

TheFRISCII study had a2-armed design, providing 2
simultaneous comparisons: dalteparin versusplacebo, and
conservative strategy versusinvasive strategy. A diffe-
rence favoring dalteparin for the combined outcome of
death due to all causes and myocardial infarctionin 1
month was observed. However, after 3 and 6 months, the
formerly found differencelost itssignificance.

The FRIC study wasthefirst large randomized study
(n=1,482) comparing low-molecular-weight and unfrac-
tionated heparinsassociated with acetylsalicylicacidinthe
treatment of unstable anginaand myocardial infarction
without elevation of the ST segment *. Inthe acute phase (6
days), no difference between dalteparin and conventional
heparin was observed in regard to an outcome of total
mortality, myocardial infarction, and recurrent angina.
Between 6 and 45 days, the rate of combined eventswas
12.3% for both groups (intervention and control), and the
conclusion was that dalteparin did not provide any
additional benefit to the control treatment.

Inthe ESSENCE study %, 3,171 patientswith unstable
anginaand acutemyocardial infarctionwithout el evation of
the ST segment were randomized to receive enoxaparin or
unfractionated heparin. After 14 days, areductioninthe
primary outcome combining total mortality, infarction, and
angina occurred. This benefit was mainly dueto a17%
reductioninrecurring angina. Theeffect ontotal mortality
and acutemyocardial infarction, when assessed separately,
did not reach statistical significance. The follow-up sho-
wed that thebeneficial effect of enoxaparinwasmaintained
after 1year of treatment. For thefirsttime, an advantagewas
showninthecombination of rel evant outcomesof onelow-
mol ecul ar-weight heparin when compared with that of the
conventional heparinin acute coronary syndrome.

Theresultsof theFRA X Sstudy 2° havebeenrecently
published. Inthis study, 3,468 patients were randomized
into 3 groupsasfollows. onegroup received nadroparinfor
6 days, the second group received nadroparin for 14 days,
and the third group received unfractionated heparin for 6
days. After 6, 14, and 90 days, the absolute rate of a
combined outcome (total mortality, acute myocardial
infarction, recurring angina, and the need for revascula-
rization) wassimilar for the3groups.

Intheclinical trial TIMI 11B %, 4,021 patients were
randomized for testing the hypothesis that enoxaparinis
superior to unfractionated heparin during theacute phase (8
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days) and superior to placebo in 35 daysin regard to
combined outcomes. By the end of 14 days, areductionin
the incidence of death, infarction, and revascul arization
occurred. Thisinitial beneficial effect of enoxaparin
persisted after 43 days of treatment, and it was not ne-
cessary to extend the treatment beyond the acute phase.

Antman et al “? carried out ameta-analysis(TESSMA)
comparing enoxaparin with unfractionated heparin, using
datafromthe ESSENCE and TIMI 11B studies. Enoxaparin,
when compared with unfractionated heparin, reduced by
23%theoutcome of death and acute myocardial infarction
in8days. Theincidenceof bleeding, however, wasincreased
among those patients receiving enoxaparin.

Eikelboom et a * recently published meta-analyses
comparing the use of unfractionated heparin and placebo,
of unfractionated heparin and | ow-molecular-weight
heparinsin the hospital phase, and the home use of low-
molecular-weight heparin. The results suggest that, in
unstableanginaand non-Q-waveinfarction, asuperiority of
any type of heparin as compared with placebo exists, an
equivalence between unfractionated and ow-mol ecul ar-
weight heparinsal so exists, and no advantagein extending
the treatment beyond theinitial period could be observed.
Themeta-analysisof the comparative studiesbetweenlow-
mol ecular-weight and unfractionated heparins has been
criticized because some of these studies have shown alow
incidenceof events. Therefore, thismeta-analysishasalow
statistical power for detecting differences between the
treatments, leadingtoatypell error.

Methodological limitations

Based on the results of these clinical trials, one may
concludethat low-molecular-weight heparinsareat | east as
efficient as unfractionated heparin, and that enoxaparin
was the only low-mol ecul ar-weight heparin to show any
superiority to unfractionated heparin #. These findings
suggest that differencesin efficacy may exist between the
low-molecular-weight heparins ®. Both pharmacol ogical
and methodol ogical differences could explain the discre-
pant resultsbetween therandomized clinical trials(tabls. I,
l,and1V).

Inregardtothecriterion of selectioninthe ESSENCE %
and TIMI 11B # studies, the randomized patients had had
their episode of chest pain upto 24 hoursbefore, andinthe
FRIC # and FRAXIS 26 studies, up to 72 hours before.
Another difference concerns the risk of the patients
selected in each study. Theoretically, the higher the
absoluterisk of theindividual, the higher the potential
benefit of atherapeutical or preventiveintervention %, In
the 2 studiesthat showed the superiority of enoxaparinin
relation to unfractionated heparin, the samplehad agreater
potential risk. For example, inthe ESSENCE # and in the
TIMI 11B # studies, ahigher proportion of patientswith
non-Q-waveacute myocardial infarction existed (21%and
34%, respectively) as compared with thoseindividualsin
the FRIC study #, inwhich only 16% had thisdiagnosis. In
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addition, therates of myocardial revascul arization, which
arealsoamarker of risk, variedinthedifferent clinical trials.
For example, thecumulativerate of revascul arization, both
intheintervention arm and inthe placebo arm of the FRIC
study 24, was approximately 19%, which is substantially
lower thantheva uesfoundinthe ESSENCE study %, which
were32.2%and 27%inthecontrol and intervention groups,
respectively.

The dosages of low-molecul ar-weight heparins and
those of unfractionated heparin varied from study to
study; therefore, theintensity of anticoagul ation may have
variedinthedifferent clinical trials.

Economic feasibility

From the perspective of amedical practice based not
only on evidence but al so on cost-effectiveness, moreand
more emphasi s has been given to economical analyses®.
Satisfactory evidence aready existed that |ow-molecular-
weight heparins were more cost-effective than conven-
tional heparinin other clinical situations, such astreatment
and prevention of deep venousthrombosis“**. |n 1998, an
economic substudy was published based onthe ESSENCE
clinical tria, involving 923 patients*. Thetotal medical cost
per patient wasnot different for enoxaparin and conventio-
nal heparinintheinitial hospitalization (U$11,857 and U$
12,620, respectively). In 30 days of treatment, however, a
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cumulative savings of U$ 1,172 per patient was obtained
with the use of enoxaparin. The most appropriate deli-
neation for assessing the questionwould bethe cost-utility
of the analysis (which considers quantity and quality of
life); however, in its absence, we may consider that
enoxaparin has an economic advantage in relation to
unfractionated heparin. A comparative analysis between
direct costs of using unfractionated and low-molecul ar-
weight heparins carried out in the Hospital de Clinicasde
Porto Alegre showed a similar cost for the different
heparins. Considering theexpenseswith drugs, laboratory,
and use of infusion pumps, the results favored | ow-
molecular-weight heparins. With thisfavorableresult, a
cost-effectiveness analysis was considered unnecessary.

Conclusion

Based onthe revised evidence, wemay concludethat
|ow-molecul ar-weight heparinshave class| recommenda-
tion in the treatment of acute coronary syndromes (ie,
indication based on evidence obtained in randomized
studies properly delineated with clinically relevant outco-
mes and statistical power). To date, enoxaparinisthe only
low-molecul ar-wei ght heparin that hasproved to besuperior
to unfractionated heparin, dalteparin and nadroparin being
at least as effective as the unfractionated heparin (fig. 1).
Thissuggeststhat enoxaparin should be part of the current

Tablelll - Characteristics of the randomized studies of acute phase comparing low-molecular-weight heparins with unfractionated heparin in
unstable angina
Characteristics ESSENCE TIMI 11B FRIC FRAXIS Gurfinkel
LMWH Enoxaparin Enoxaparin Dalteparin Nadroparin Nadroparin
30 mg in bolus
Dosage 1mg/kg bid 2-8 days 1mg/kg bid 3-8 days 120Ul/kg bid 6 days 87Ul/kg bid 6 days 214UCl/kg bid 6 days
UH Bolustinfusion Bolustinfusion Bolus+infusion Bolustinfusion Bolus+infusion
2-8 days 3-8 days (bid ap6s 48h) 6 days 6 days 5-7 days
Unstable angina 70% 59% 84% 75% 62%
Non-Q-wave AMI 21% 34% 16% 15% 38%
Hypertension 54% 50% 39% 54% 32%
Previous AMI 46% 32% 25% - 29%
Smokers 24% 27% 27% 23% 20%
Useof ASA 62% 83% 56% 56% 36%
AMI- acute myocardial infarction; ASA- acetylsalicylic acid; UH- unfractionated heparin; LMWH- low-molecular-weight heparin.

Table IV — Summary of the effects of low-molecular-weight heparins ver sus unfractionated heparin on combined outcomes (death, myocardial infarction,

refractory angina, or urgent need for revascularization) in the great randomized clinical trials

Study Outcome Follow-up LMWH UH NNT (95%Confidence interval)
FRIC Death/AMI/angina 6 days 9.3% 7.6% 59 (NND 90 until ® until NNT 22)
ESSENCE Death/AMI/angina 14 days 16.6% 19.7% 31 (17 until 191)

FRAXIS Death/AMI/angina 14 days 17.8% 18.1% 333 (NND 35 until ® until NNT 29)
TIMI 11B Death/AMI/revascul arization 14 days 24.6% 26.2% 62 (NND 91 until ® until NNT 23)

* The 95% confidenceintervasfor the NNT (number needed to treet) are expressed according to the recommendation by Altman DG. Confidenceintervalsfor the number needed
totreat. Br Med J1998; 317: 1309, where NND- number needed to damage; AMI- acutemyocardid infarction; LMWH- low-molecular-weight heparin; UH- unfractionated heparin.
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standardized treatment for unstable angina and non-ST-
segment el evation myocardial infarction; thiswascorrobo-
rated by the recent joint guidelines of the American Heart
Associationand American Collegeof Cardiology . Unfrac-
tionated heparinwoul d be usedin high-risk patientsunder-
going angiography or angioplasty, and receiving platel et
glycoprotein [1b/l11areceptor antagonists, even though
studies are being carried out on the use of low-molecular-
weight heparinsin coronary angioplasty. In addition, low-
molecul ar-weight heparinsarean attractive optionfor acute
coronary syndromes, because monitoring isnot necessary
inmost patientsand the use of intravenousinfusion pumps
and constant adjustments of the doses are not required.

Direct comparisons between enoxaparin, dalteparin,
and nadroparin arelimited by pharmacol ogical and metho-
dological differences existing between the studies, and
these direct comparisons are only possible with compara-
tive randomized studies designed for this purpose.

In the context of the contemporary management of
acutecoronary syndromes, low-molecul ar-weight heparins
may beused according totherisk stratification of patients.
L ow-risk patientsshould receiveacetylsalicylicacid, beta-
blockers, nitrates, and undergo noninvasive teststo indu-
ceischemia. Low-mol ecular-weight heparinsshould bead-
ded to the treatment of intermediate-risk patients. Finally,
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Favors Experimental Treatment (NN'T) Favors Control Ireatment (NND)

FRIC I

ESSENCE —I—

FRAXIS B
TIMI 11B I

10 20 40 90 300 oo 300 90 40 20 10

* The graph does not pursue mathematical accuracy, but illustrates
the results in a simple manner.

Fig. 1- Effect of LMWH on the combined outcomeinthegreat randomized studies

high-risk patients, characterized by extensivealterationson
theelectrocardiogram and anincreaseinthelevel sof serum
markersof ischemiaandlesion, couldreceive, inadditionto
low-molecular-weight heparins, platelet glycoprotein |1/
I11areceptor inhibitors by intravenous via, and should be
considered for myocardial revascularization. In thiscase,
unfractionated heparin may be chosen until new evidence
showswhich management ismoreeffective.
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