New advances in the management
of acute coronary syndromes:
4. Low-molecular-weight heparins
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The case

Mr. K, a 57-year-old man, presents to the emergency department with sudden onset
of chest pain radiating to the left arm of 30 minutes’ duration. Ten days earlier he ex-
perienced a similar episode of pain that lasted 10 minutes as well as several intermit-
tent episodes of pain over the subsequent week that lasted about 5 to 10 minutes
each and were not related to physical activity. His medical history includes peptic
ulcer and arterial hypertension. He had an acute ischemic stroke 1 year ago, at
which time a stenosis of 80% in the left internal carotid artery was detected and
treated by carotid endarterectomy. His risk factors for ischemic heart disease are hy-
pertension, dyslipidemia and cigarette smoking. At presentation, his blood pressure
is 190/90 mm Hg and he is given ASA, atorvastatin, enalapril, amlodipine and
omeprazole. An electrocardiogram (ECG) shows ST-segment depression in the infe-
rior leads, and the cardiac troponin | level is normal. Intravenous therapy with hep-
arin and nitrates is begun, with a good initial response. However, Mr. K experiences
chest pain the day after hospital admission. Holter monitoring shows persistent ST-
segment depression in the inferior leads. On day 3 coronary angiography shows crit-
ical stenosis of the proximal right coronary artery. Percutaneous transluminal coro-
nary angioplasty with stenting is performed. Mr. K is subsequently discharged pain
free with a normal ECG and is prescribed ASA and clopidogrel.

Questions surrounding this case: Should low-molecular-weight (LMW)
heparin be used instead of unfractionated heparin? If so, which LMW hep-
arin? What is the optimal antiplatelet regimen? When should clopidogrel be
started? How long should it be continued?

main pathogenetic mechanism underlying acute coronary syndromes such as
unstable angina, non-Q-wave myocardial infarction (MI) and Q-wave MI.'
Plaque rupture exposes flowing blood to subendothelial tissues and to potent stimuli
that result in platelet aggregation followed by the generation of thrombin, which
converts fibrinogen to fibrin (Fig. 1).> Antiplatelet and anticoagulant drugs, there-
fore, represent the cornerstone of therapy for acute coronary syndromes and have
resulted in a substantial reduction in morbidity and mortality. ASA remains the stan-
dard antiplatelet agent and reduces the risk of death or MI by at least 50% in pa-
tients with non-ST-segment elevation acute coronary syndromes. ASA has also been
shown to reduce the risk of death or reinfarction in the acute phase of transmural
MI and in the longer term in post-MI patients.’ Glycoprotein IIb/IIIa inhibitors, a
new class of antiplatelet agents, also improve the outcomes of patients with unstable
angina and are gaining acceptance as important players in the treatment of acute
coronary syndromes, particularly in patients who undergo coronary intervention.*
Because of the key role of thrombin in the pathogenesis of thrombosis, there is a
strong rationale for anticoagulant therapy in addition to antiplatelet therapy for
acute coronary syndromes. Unfractionated heparin has been the antithrombotic
drug of choice in patients presenting with unstable angina. Several randomized tri-
als conducted in the 1980s and early 1990s suggested its effectiveness in reducing
the risk of death and MI following an episode of unstable angina.’ Thus, for the
medical management of patients with unstable coronary syndromes, it was recom-
mended that ASA be given in addition to about 3 to 5 days of intravenous therapy
with unfractionated heparin to obtain therapeutic partial thromboplastin times be-
tween 1.5 and 2.5 times slower than control.®
However, unfractionated heparin has a number of limitations related to its phar-
macokinetic and pharmacodynamic properties that make its anticoagulant effect un-

l \issuring of atherosclerotic plaque triggers thrombus formation and is the
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predictable and inconsistent in different patients.” New an-
tithrombotic compounds have thus been developed as possi-
ble alternatives to unfractionated heparin and have been
tested in the clinical setting of acute coronary syndromes.
Among these are low-molecular-weight (LMW) heparins.

Low-molecular-weight heparins

LMW heparins are on average one-third the molecular
size of standard heparin. They have been widely tested in
rigorous clinical trials in a broad spectrum of thrombo-
embolic disorders and are currently recommended as an al-
ternative to unfractionated heparin in acute coronary syn-
dromes.®* LMW heparins offer a number of potential
advantages over heparin (Table 1). The antithrombotic re-
sponse is much more predictable and, as a consequence, lab-
oratory monitoring of LMW heparin therapy is not re-
quired. In addition, LMW heparins have good bioavailability
following subcutaneous injections and have a longer half-life

than unfractionated heparin.” Thus, an adequate and persis-
tent anticoagulant effect can be achieved with 1 or 2 daily
subcutaneous injections at fixed, weight-adjusted doses. It
has been suggested that the rate of anti-factor Xa (anti-Xa) to
anti-factor Ila (anti-Ila) activity may be important in differ-
entiating the efficacy and safety of the various LMW hep-
arins, but there are no data to support this hypothesis.*

A number of LMW heparins are available in Canada
(Table 2). Of these, dalteparin, enoxaparin and nadroparin are
approved for the treatment of unstable angina and are given
subcutaneously twice daily in fixed, weight-adjusted doses.

Large-scale clinical trials have been conducted to evaluate
LMW heparins in the treatment of unstable angina and non-
Q-wave MI. Results from the first randomized clinical trial, a
single-blind study that compared nadroparin and heparin,
were published in 1995." In this trial, 211 patients with unsta-
ble angina were randomly assigned to 1 of 3 treatment groups:
ASA plus unfractionated heparin, ASA plus nadroparin, or
ASA alone. Patients with non-Q-wave MI were excluded. Af-
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Fig 1: Low-molecular-weight (LMW) heparin in the treatment armamentarium for acute coronary syn-
dromes. Whether or not a coronary artery is blocked depends in part on a dynamic balance between clot
formation (the coagulation cascade) and clot dissolution (the fibrinolytic pathway). LMW heparin interacts
with antithrombin causing a physical transformation in the protein that catalyzes its inhibition of the activa-
tion of Factor X. Antithrombin also inhibits thrombin directly, which eventually leads to reduced formation
of cross-linked fibrin and a shift in favour of clot dissolution. Other therapies used for acute coronary syn-
dromes (ASA, t-PA, urokinase and streptokinase), and their relative points of action, are also depicted. + =

promotion of activity, — = inhibition of activity.

920

JAMC e 2 AVR. 2002; 166 (7)



ter 5-7 days, when the antithrombotic treatment was stopped,
there was a decrease of more than 50% in the rate of recurrent
angina and a significant decrease in the rates of silent ischemia
and the need for revascularization in the nadroparin group
compared with the other 2 groups. Rates of major bleeding
were comparable between the LMW and unfractionated he-
parin groups, and minor bleeding during the acute phase oc-
curred significantly less often in the LMW heparin group.
"The promising results of this study along with positive data in
the management of venous thromboembolism stimulated in-
terest in LMW heparins, and large-scale studies were de-
signed to confirm their role in acute coronary syndromes.

Dalteparin

The first large-scale trial to be published was the Fragmin
during Instability in Coronary Artery Disease (FRISC)
study," which compared the LMW heparin dalteparin with
placebo in 1506 patients; all patients received ASA as well.
Dalteparin was given in a dose of 120 IU/kg twice daily for 6
days and then as a fixed dose of 7500 IU once daily for 3545
days to test whether extended use might be beneficial.'*"
During the first 6 days of treatment the rate of death or new
MI was lower in the dalteparin group than in the placebo
group (13 [1.8%] v. 36 [4.8%]; risk ratio 0.37 [95% confi-
dence interval 0.20-0.68]). The difference persisted at 40
days, but the effect was confined to nonsmokers. The rate did
not differ statistically between the 2 groups after 150 days.

In a second trial of dalteparin'* 1482 patients with unstable

Table 1: Characteristics of heparin and low-molecular-weight
(LMW) heparin

Heparin LMW heparin

High molecular weight (15 000)
Low bioavailability (< 30%)
Binds to proteins

Short half-life

Low anti-Xa:anti-lla ratio

Low molecular weight (4500-6000)
High bioavailability (> 90%)

No protein binding

Long half-life

High anti-Xa:anti-lla ratio
Significant drug interaction No drug interaction

Risk of heparin-induced
thrombocytopenia

Requires monitoring of blood
levels and dose adjustment

Lower risk of heparin-induced
thrombocytopenia

Fixed dose (weight adjusted)

Note: anti-Xa = anti-Factor Xa, anti-lla = anti-Factor lla.

Table 2: Characteristics of LMW heparins available for use
in Canada

Median Anti-Xa:

molecular  Anti-Xa  Anti-lla  anti-lla
Characteristic weight IU/mg  IU/mg ratio
Dalteparin (Fragmin) 5000 122 60 2.0
Enoxaparin (Lovenox) 4800 104 32 3.3
Nadroparin (Fraxiparine) 4500 94 31 3.0
Tinzaparin (Innohep) 4500 90 50 1.8

New advances in acute coronary care

coronary artery disease were randomly assigned to receive
ASA plus either dalteparin or unfractionated heparin during
the acute phase. The 2 treatments were found to be equivalent
in efficacy and safety. As in the previous trial, patients were
randomly assigned to continue antithrombotic treatment, with
a fixed, low dose of dalteparin once daily, or to take placebo
for an additional 39 days. Again, the prolonged treatment did
not confer any additional benefit over ASA alone.

The third trial of dalteparin in unstable coronary artery
disease was the FRISC 1II study.” In addition to comparing
an invasive and a noninvasive strategy, the investigators
specifically evaluated the benefits of long-term treatment
with a significantly higher dose of dalteparin than had been
used in the previous trials. All patients received at least 5
days’ treatment with dalteparin at therapeutic doses (120
IU/kg twice daily) and were then randomly assigned to re-
ceive placebo or to continue taking dalteparin for 3 months
at a fixed dose of 7500 IU twice daily (or 5000 IU twice daily
in men weighing less than 70 kg and women weighing less
than 80 kg). There was a significant decrease in the compos-
ite endpoint of death or MI at 30 days in the dalteparin
group and a nonsignificant decrease at 3 months. There was
no difference between the 2 groups at 6 months. However,
during the extended treatment period, rates of major and mi-
nor bleeding complications were increased in the dalteparin
group. The FRISC II study demonstrated a clear benefit of
early intervention with revascularization in moderate- and
high-risk patients with unstable coronary artery disease.

Enoxaparin

The third LMW heparin to be tested was enoxaparin. In
the ESSENCE trial® 3171 patients with unstable angina or
non-Q-wave MI were randomly assigned to receive either
enoxaparin (1 mg/kg subcutaneously twice daily) or unfrac-
tionated heparin intravenously for at least 48 hours and at
most 8 days. At 14 days, the risk of the composite endpoint
of death, MI or recurrent angina was significantly lower in
the enoxaparin group than in the heparin group (16.6% v.
19.8%, p = 0.019). This benefit was maintained at 30 days
and at 1 year."”

In the second study of enoxaparin (the TIMI 11B trial®),
patients were randomly assigned to receive either unfrac-
tionated heparin for at least 72 hours or therapeutic doses of
enoxaparin for up to 8 days, followed by a fixed dose of
enoxaparin or placebo once daily for an additional 35 days.
At 14 days, the proportion of patients with the primary end-
point of death, MI or need for revascularization was signifi-
cantly lower in the enoxaparin group than in the heparin
group (14.2% v. 16.7%, relative risk reduction 14.9%, p =
0.029). The early benefit was maintained at 43 days, al-
though no additional benefit was observed. The rate of ma-
jor bleeding events did not differ significanty between the
unfractionated and LMW heparin groups, but there was a
significant increase in the rate when enoxaparin was com-
pared with placebo in the long-term phase of the study.
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A meta-analysis of the 2 studies” showed that the risk of
death, MI or need for urgent revascularization was 20%
lower in the enoxaparin group than in the standard heparin
group on days 8 and 43 and that there was also a reduction
in the risk of death or MI of 23% and 18% at 8 and 43 days
respectively (p = 0.02). The incidence of major bleeding
events during acute treatment did not differ between the
enoxaparin group and the standard heparin group (1.3%
and 1.1% respectively, p = 0.35).

Cost analyses of the results of the ESSENCE study in
the United States"” and Canada® have shown an economic
benefit for the use of enoxaparin in the management of
acute unstable angina or non-Q-wave MI over standard
treatment with heparin. Despite the incremental cost of ad-
ministering the LMW heparin, the improved clinical effec-
tiveness and additional cost savings at hospital discharge re-
sulted in a cost advantage for enoxaparin.

Nadroparin

A large-scale study with nadroparin was recently com-
pleted (the FRAXIS study).? In this study, involving 3468 pa-
dents, standard therapeutic doses of unfractionated heparin
administered for 6 days were compared to either 6 or 14 days
of nadroparin. The composite endpoint of death, MI or re-
fractory angina did not differ among the 3 groups after 6 and
14 days, but was significantly worse at 3 months in the group
treated with nadroparin for 14 days. Major bleeding rates
were also increased in this group at 14 days and at 3 months.

Advantages of low-molecular-weight heparins
over unfractionated heparin

A recently published meta-analysis® concluded that there
was no benefit of LMW heparins over unfractionated heparin
in the management of unstable angina and non-ST-segment
elevation MI and that there was no benefit to extending the
treatment period. However, it has been pointed out that there
are a number of differences in the design of the trials that may
affect the interpretation of the analysis.** The LMW heparins
used in the studies have different chemical structures, different
antithrombotc activities and different pharmacokinetic prop-
erties, all of which could result in different clinical outcomes.
In addition, the prespecified endpoints of the trials differed
from those used in the meta-analysis. Thus, the conclusions
drawn from the meta-analysis should not negate the results of
the individual trials, which were adequately powered to answer
specific clinical questions. A summary of the results of the
LMW heparin trials in unstable angina appears in Table 3.

Conclusion

In the past decade, LMW heparins have been extensively
evaluated in many clinical settings. For the treatment of ve-
nous thromboembolism, they have been proven to be at least
as effective as unfractionated heparin in reducing the rate of
recurrent thromboembolic events. In acute coronary syn-
dromes LMW heparins have been proven effective and safe in

Table 3: Randomized trials of LMW heparins in patients with unstable angina or non-Q-wave myocardial infarction (acute phase)

% (and no.) of patients with outcome

Length of LMW heparin
Drug; trial Primary outcome follow-up, d Control group group p value
Dalteparin
FRISC study' (n = 1509) Ml or death 6 4.8 (36/758) 1.8 (13/741)* 0.001
FRIC study™ (n = 1482) M, death or recurrent angina 6 7.6 (55/731) 9.3 (69/751)t 0.33
MI, death or recurrent angina 6-45 12.3 (69/561) 12.3 (69/562)* 0.96
Enoxaparin
ESSENCE study' (n=3171) MI, death or recurrent angina 14 19.8 (309/1564) 16.6 (266/1607)t 0.02
TIMI 11B trial” (n = 3910) Death, Ml or urgent 8 14.5 (284/1957) 12.4 (242/1953)t 0.048
revascularization
Nadroparin
Gurfinkel et al' (n=219) MI, death or recurrent angina 5-7 59.0 (43/73) 22.0 (15/68)f 0.0001
Urgent revascularization 5-7 63.0 (44/73) 22.0 (15/68)t 0.0001
or major bleeding
FRAXIS Studyzz 14 18.1 (207/1151) 17.8 (207/1166)t NS
6-day treatment (n = 2317) Cardiac death, MI refractory
angina or recurrent angina
14-day treatment (n = 2302) Cardiac death, Ml refractory 14 18.1 (207/1151) 20.0 (230/1151)t NS

angina or recurrent angina

Note: MI = myocardial infarction.
*LMW heparin versus placebo.
LMW heparin versus heparin.
LMW heparin versus no treatment.
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reducing ischemic events, including death, MI and the need
for urgent revascularization. For venous thromboembolism,
LMW heparins have offered new management perspectives
such as outpatent treatment. However, clinical trials that ad-
dressed the question of long-term treatment in acute coronary
syndromes have failed to show any clear advantage of LMW
heparins over standard antiplatelet treatment, despite the evi-
dence of persistent thrombin generation and resultant risk of
clinical recurrence with standard antiplatelet treatment. The
reason for the lack of a significant clinical benefit with LMW
heparin in this setting is unclear. Therefore, further clinical
trials of long-term treatment with these agents are needed.

Future studies will examine the effect of combining an

LMW heparin and a glycoprotein IIb/IIla inhibitor, which
have shown encouraging results in the setting of acute coro-
nary syndromes, particularly during coronary intervention.

Finally, the issue of which LMW heparin is best has yet

to be resolved. So far, only enoxaparin has been shown
to have a clear advantage over unfractionated heparin.
Whether this result is due by chance to the specific charac-
teristics of the various LMW heparins or by the different
designs of the trials is still a matter of debate.

A practical approach to antithrombotic therapy for non-

ST-segment elevation acute coronary syndromes has been
developed by Fitchett and colleagues.”
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Appendix

Questions and answers on antithrombotic (clot-preventing) drugs
for acute coronary syndromes

An information sheet for patients

What are acute coronary syndromes?

This term refers to a collection of heart conditions that occur
suddenly when a clot, or thrombus, develops within one or
more coronary arteries (the arteries supplying the heart muscle
with blood and oxygen) and blocks an already narrowed artery.
The narrowing of the artery is the result of long-standing fatty
deposits. Acute coronary syndromes range in severity from
unstable angina (chest pain caused by reduced blood flow to the
heart) to acute myocardial infarction (a heart attack).

How are these conditions treated?

Any condition that might damage the heart muscle and interfere
with the heart’s pumping function must be treated as quickly as
possible. Four general treatment strategies are used to restore
blood flow and minimize damage to the heart muscle:

1. Heart-protecting medications that slow the heart and
reduce its need for blood.

2. Medications that prevent new clots from forming in the
coronary arteries. These antithrombotic medications
include acetylsalicylic acid and new antiplatelet drugs
such as clopidogrel and glycoprotein IIb/llla inhibitors,
which stop platelets (disc-shaped cell fragments) in blood
from coming together in a clump. Clot-preventing drugs
also include anticoagulants such as heparin and low-
molecular-weight heparin, which stop liquid blood from
coagulating (becoming solid).

3. Medications that dissolve existing clots in the coronary
arteries.

4. Procedures that relieve the underlying narrowing of the
artery. With angioplasty and stenting, flexible tubes
(catheters) and other devices are guided through the artery
to the narrowing to open it up and a tube-shaped metallic
scaffold (stend) is permanently inserted to keep the artery
open. With bypass surgery, blood flow is rerouted from the
narrowed artery through a new blood vessel that is attached
to the heart.

What is heparin?

Heparin is an anticoagulant drug that stops blood from
becoming solid by acting on the enzyme that causes
coagulation. For many years now, heparin has been given to
patients with unstable angina, a condition that indicates the
presence of harmful blood clots in the coronary arteries. Heparin
does not dissolve clots that have already formed, but it can keep
new clots from forming and stop existing clots from getting
bigger. You may hear heparin referred to as a “blood thinner”
even though it does not actually thin the blood. In most cases

heparin is given to patients in hospital through intravenous
infusion (slow injection of the drug into a vein) for a short
period (48-72 hours). Anyone taking heparin must have regular
blood tests to ensure that the drug dose is safe and effective.

What is low-molecular-weight heparin?

Low-molecular-weight (LMW) heparin is a different form of
heparin. On average, the molecules (small particles) that
make up LMW heparin are one-third the size of the
molecules that make up standard heparin. In Canada several
kinds of LMW heparin are available, including dalteparin
(Fragmin), enoxaparin (Lovenox), nadroparin (Fraxiparine)
and tinzaparin (Innohep).

What are the advantages of LMW heparin?

LMW heparin offers a number of potential advantages over
standard heparin. First, LMW heparin has a very predictable
effect in patients, whereas standard heparin can act in different
ways in different patients and requires careful monitoring
through regular blood tests. LMW heparin does not require
such monitoring. Second, LMW heparin is absorbed from
under the skin more easily than standard heparin. Third, LMW
heparin can be given by percutaneous injection (an injection
under the skin) once or twice a day rather than by intravenous
infusion.

Will I be offered LMW heparin?

Perhaps. Your doctor will decide whether you should take
LMW heparin, standard heparin or another drug or
combination of drugs after considering your condition and
medical history.

Are there risks associated with LMW heparin?

Yes. As with standard heparin and other drugs, LMW heparin

can cause complications in some patients. The most common
problem is bleeding. You and your doctor will need to discuss
your medical history and weigh the potential benefits against

the risks of using LMW heparin.

How might LMW heparin be used in future?

LMW heparin, alone or in combination with other drugs, might
be used more commonly in future because of its advantages
over standard heparin and its effectiveness in the treatment of
blood clots. In addition, LMW heparin might eventually be
used for the long-term treatment of clot problems. More studies
of LWM heparin are needed.
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