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Summary
Abstract Dalteparinisalow molecul ar weight heparin (LMWH) with amean mol ecular

weight of 5000. Compared with unfractionated heparin (UFH), thedrug hasmark-
edly improved bioavailability and increased plasma elimination half-life, and
exerts a greater inhibitory effect on plasma activity of coagulation factor Xa
relative to its effects on other coagulation parameters. Dalteparin also has less
lipolytic activity than UFH.

Dalteparin 2500U once daily subcutaneously is of similar antithrombotic effi-
cacy to UFH 50001 U twice daily, and 2 studies have shown superiority over UFH
2 or 3 times daily of dalteparin 5000U once daily in patients requiring surgical
thromboprophylaxis. After total hip arthroplasty, dalteparin was superior to adjusted-
dosage warfarin and was of greater thromboprophylactic efficacy when given for
35 than for 7 days.

Intravenous or subcutaneous dalteparin is as effective as intravenous UFH
when given onceor twicedaily in theinitial management of established deepvein
thrombosis (DVT). The drug is also effective in long term home treatment.

Dalteparin has been shown to be effective in combination with aspirinin the
management of unstable coronary artery disease (CAD), with composite end-point
data from 1 study suggesting benefit for up to 3 months. Current data indicate
potential of the drug in the management of acute myocardia infarction (Ml).
Dalteparin is aso of similar efficacy to UFH, with a single bolus dose being
sufficient in some patients, in the prevention of clotting in haemodialysis and
haemofiltration circuits.

Pharmacoeconomic data indicate that overall costs relative to UFH from a
hospital perspective can bereduced through theuseof dalteparinin patientsreceiving
treatment for venous thromboembolism. Dalteparin has aso been shown to be
cost effective when used for surgical thromboprophylaxis.

Overall, rates of haemorrhagic complicationsin patients receiving dalteparin
arelow and are similar to those seen with UFH.

Conclusions: Dalteparin is effective and well tolerated when given subcuta-
neously once daily in the prophylaxis and treatment of thromboembolic disease.
The simplicity of the administration regimens used and the lack of necessity for
laboratory monitoring facilitate home or outpatient treatment and appear to trans-
late into cost advantages from a hospital perspective over UFH or warfarin.
Dalteparin aso maintains the patency of haemodialysis and haemofiltration cir-
cuits, with beneficial effects on blood lipid profiles and the potential for prophy-
laxis with a single bolus injection in some patients. Data are also accumulating
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to show dalteparin to be an effective and easily administered alternative to UFH

in patients with CAD.
Pharmacological Dalteparin inhibits coagulation factor Xa in human plasmain a dose-dependent
Properties manner, with anti-factor Xaactivities 2 and 5 timesthose seen after anintravenous

dose of UFH 50001U being reported after intravenous doses of dalteparin 5000
and 10 000U, respectively. In contrast to UFH, anti-factor Xa activity exceeds
anti-factor Ilaactivity in plasmaof individualswho have received dalteparin. The
drug also exerts significantly greater effects than UFH on plasma anti-factor Xa
activity relativeto itseffectson other coagulation parameters[including activated
partial thromboplastintime (aPTT) and thrombin time]. Dal teparin does not have
any clinically relevant effects on plasma antithrombin levels, platelet counts or
on the fibrinolytic system, athough recent studies show inhibition of thrombin
formation in patients with activated haemostatic systems.

Data from healthy volunteers and patients undergoing haemodialysis show
less lipolytic activity with dalteparin than with UFH, with reductions in blood
levels of tota and low density lipoprotein cholesterol and triglycerides being shown
with the LMWH.

Dalteparin has monoexponentia, first order and dose-independent pharmaco-
kinetic characteristics. Absorptionisrate-limiting after subcutaneous administra-
tion: peak plasma concentrations (as measured by plasmaanti-factor Xaactivity)
are attained after 2.8 to 4 hours, and the drug undergoes substantially less hepatic
and renal deposition than UFH. Bioavailability is 87% and plasma elimination
half-life (t,p) 2.4 to 4 hours. ty,p after intravenous administration is approxi-
mately 2 hours. Elimination takes place predominantly viathe kidneys.

The anticoagulant effects of anumber of agents (e.g. aspirin, dipyridamole, vita-
min K antagonists and non-steroidal anti-inflammatory drugs) may be enhanced
by coadministration with dalteparin. The anticoagulant effect of dalteparin may
be reduced by the presence of antihistamines, cardiac glycosides, tetracyclines or
ascorbic acid.

Therapeutic Use Surgical Thromboprophylaxis. Randomised and double-blind studies have
shown consistently that dalteparin 2500U given subcutaneously once daily for 5
to 13 days is of similar thromboprophylactic efficacy to UFH 50001U subcuta-
neously twice daily in patients undergoing general or orthopaedic surgery. Two
studies, one in over 800 patients undergoing genera surgery and the other with
a6- to 8-week follow-up in 122 pati ents undergoing orthopaedic surgery, showed
dalteparin 5000U once daily subcutaneously to be superior to UFH 50001U 2 or
3timesdaily.

Recent studies have shown that dalteparin 5000U once daily subcutaneously
reduces the frequency of venographically evident thromboembolism to agreater
extent when given for 35 days than for 7 days in patients undergoing total hip
arthroplasty. In 2 double-blind studies (each involving around 200 patients), re-
ductions in incidence of DVT relative to 7-day prophylaxis of 54 and 63% were
reported after 35 days administration. Dalteparin was also of superior
thromboprophylactic efficacy to adjusted-dosage warfarin in patients undergoing
total hip arthroplasty.

Two small single-blind studies have been carried out to compare dalteparin
with the other LMWHSs enoxaparin and nadroparin, but the results of thesetrials
were inconclusive.

Thromboprophylaxisin Pregnancy. Dalteparin has been used successfully
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with no evidence of any adverse fetal effectsin pregnant women at high risk of
thromboembolic complications. Dosages were adjusted according to plasmaanti-
factor Xaactivity inthese patients. Therewasan apparently lower risk of bleeding
with dalteparin than with UFH in anonblind comparative study in 105 patients.

Treatment of Established Thromboembolic Disease. Comparative studies
have shown intravenous or subcutaneous dalteparin (given once or twice daily)
to be of equivalent efficacy in terms of Marder scores and venographic findings
to aPTT-adjusted intravenous UFH in patients receiving initial heparin treatment
for established DVT. Six-month follow-up data from 1 study showed no signifi-
cant difference in Marder scores, symptoms or thrombus evolution between pa-
tients who received dalteparin 200 U/kg once daily subcutaneously or recipients
of continuously infused aPT T-adjusted UFH for 5to 10 days. Similar conclusions
were reported after up to 14 years’ follow-up in patients from 3 Swedish clinical
studies in which subcutaneous dalteparin adjusted according to anti-factor Xa
activity had been compared with aPTT-adjusted intravenous UFH (either given
for at least 5 days pending dosage titration of warfarin).

Noncomparative studies have demonstrated feasibility of initial outpatient
treatment of established thromboembolic disease with dalteparin 200 U/kg once
daily subcutaneously for at least 4 to 5 days. The drug was al so effective and well
tolerated when self-administered for 3 months at a dosage of 5000U once daily
by patients not eligible for warfarin therapy. In a 3-month nonblind comparison,
there was no statistically significant difference in efficacy between long term
dalteparin 5000U once daily subcutaneously and warfarin in 86 patients with
thromboembolic disease.

Coronary Artery Disease. Dalteparin 7500U once daily subcutaneously plus
aspirin (n = 562) was of similar efficacy to aspirin alone (n = 561) in terms of a
composite end-point of death, M1 or recurrence of angina over 39 days of double-
blind placebo-controlled treatment in a study in patients with unstable CAD.
Equivalence of dalteparin 120 U/kg twice daily subcutaneously and aPTT-ad-
justed UFH infusion (in terms of rates of death or MI, need for coronary revas-
cularisation or recurrence of angina) was suggested by the results of an initia
6-day nonblind phasein 1482 patients.

In the first of 2 randomised double-blind studies carried out by the Swedish
Fragmin and Fast Revascularisation in Coronary Artery Disease (FRISC) study
group, significantly lower rates of death and new MI and reduced need for
revascularisation or intravenous heparin were reported after 6 days' treatment
with dalteparin 120 U/kg subcutaneously twice daily (n = 746) than with placebo
(n=760). Subgroup analyses suggested maintenance of benefit at 40 days with
dalteparin 7500 U/day in non-smokers, patients with non-Q-wave M| and those
with body massindex below 26 kg/m2. There was no significant difference from
placebo after 4 to 5 months.

A second study carried out by the FRISC group in 2267 patients with unstable
CAD showed a 47% decrease (p = 0.002) relative to placebo in a combined
end-point of death and MI after the first month of a 3-month period of double-
blind treatment with dalteparin 5000 or 7500U twice daily. When a triple end-
point of death, M| and need for revascularisation was considered for both the
3-month double-blind treatment period and an initial 5- to 7-day nonblind phase
(inwhich all patients received dalteparin), there were significant differencesin
favour of dalteparin after 1 month and 3 months. Subgroup analyses have sug-
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gested a link between efficacy of dalteparin in the longer term and raised levels
of the cardiac marker troponin-T.

Outcomes were not affected by dalteparin therapy in a further comparative
study in which percutaneous coronary intervention was shown to be superior to
non-invasive therapy in 2457 patients with unstable CAD.

In arandomised double-blind study in 517 patients with acute anterior Ml, there
was a statistically significant 35% reduction versus placebo in a combined end-
point of left ventricular thrombus formation or arterial thromboembolism with
dalteparin 150 U/kg twice daily subcutaneously for 7 to 11 days after thrombol-
ysiswith streptokinase. In another double-blind study in 101 patients with acute
M, dalteparin 100 U/kg beforeand 12 hoursafter streptokinase thrombolysishad
no effect on rates of death or reinfarction or other cardiac events, athough sig-
nificantly fewer dalteparin than placebo recipients had ECG evidence of isch-
aemiafrom 6 to 24 hoursafter starting treatment. Preliminary resultsfrom astudy
in 1128 patients with acute M| who were not eligible for thrombolysis indicate
short term (3-day) but not long term (30- or 90-day) benefit of subcutaneous
dalteparin 120 U/kg twice daily.

Haemodialysis and Haemofiltration. Dalteparin was of similar efficacy to
UFH in the maintenance of patency of haemodialysisand haemofiltration circuits
in studies in which heparin was administered as an intravenous bolus followed
by continuous infusion. Initial doses of dalteparin ranged from 2500 to 5000U;
those of UFH ranged from 2000 to 50001U. Infusions were given at fixed hourly
rates or were adjusted according to bodyweight or whole blood activated clotting
times. Dalteparin prevented blood clot formation in dialysersto asimilar extent
to tinzaparin, and was associated with similar haemofilter survival times to nad-
roparin, in comparative studies. Data are a so available to show equivalent efficacy
of asingle bolus of dalteparin (given at the start of haemodialysis) and continu-
ously infused UFH.

I schaemic Stroke. Dalteparin has not been shown to have any significant
advantage over aspirin on cerebral end-points in patients with acute ischaemic
stroke. Outcomes were similar in patients treated with dalteparin 100 U/kg twice
daily subcutaneously and in those receiving aspirin 160mg daily (orally or rec-
tally) in arecent placebo-controlled double-blind trial in 449 patients with atrial
fibrillation and ischaemic stroke.

Pharmacoeconomic A retrospective comparison using results from 434 patients, 80.2% of whom
Considerations received home treatment with subcutaneous dalteparin 200 U/kg once daily for
initial management of established DVT, showed a 34.5% reduction relative to
inpatient treatment in Swedish mean hospital and treatment costs (1996 values).
Australian researchers estimated overall per-patient treatment costs (year not
stated) to be reduced by $A 1239 when initial DVT treatment with dalteparin 200
U/kg once daily was given at home rather than in hospital.
Canadian and Spanish data indicate overall institutional cost savings when
dalteparinisused in place of UFH in theinitial management of DV T in hospital.
In addition, a brief pharmacoeconomic report from a UK study in 105 patients
showed a £900 per-patient overall cost saving when subcutaneous dalteparin
5000U once daily rather than laboratory-adjusted warfarin therapy was given for
3 months for the prevention of recurrence of DVT.
Significantly lower rates of DVT with subcutaneous dalteparin 5000U once
daily than with laboratory-adjusted warfarin for a mean 7 days translated into

0 Adis International Limited. All rights reserved. Drugs 2000 Jul: 60 (1)



208 Dunn & Jarvis

similar average cost effectiveness of dalteparin and warfarin in terms of cost per
event-free patient in a pharmacoeconomic analysis of 382 individuals receiving
thromboprophylaxis after total hip arthroplasty. Overall costs per patient from a
hospital perspective were similar under different treatment scenarios (short term
(6-day) and long term (35-day) treatment started before or after surgery) for
dalteparin and warfarin in a North American study in which 1130 patients were
randomised to prophylaxiswith either drug after total hip arthroplasty. Incremen-
tal cost effectiveness of dalteparin ranged from $US1799 to $USA661 per patient
(year of costing not stated) in this analysis.

Economic datafrom a 9-week time and motion study in 116 patientsreceiving
aPTT-adjusted UFH infusion for acute CAD showed costs from a hospital per-
spective of $Can25.68 for UFH and $Can28.82 for dalteparin 120 U/kg twice
daily subcutaneously. Inthisanalysis, costsfor dalteparin therapy were estimated
using a projection based on assumptions regarding resource utilisation, staff ac-
tivity and acquisition cost.

Tolerability Overall, rates of haemorrhagic complications appear similar for dalteparin and
UFH in patients receiving thromboprophylaxis and those undergoing treatment
for established thromboembolic disease. Collated data from studies in surgical
patients receiving subcutaneous thromboprophylaxis with dalteparin 2500 or 5000U
or UFH 10 000IU daily show similar rates of bleeding with either heparin. In-
creased frequency of bleeding complicationsrelativeto placebo hasbeen reported
in patients undergoing treatment with dalteparin for up to 3 months for unstable
CAD; in patientsreceiving acute treatment for M1 in 1 study, major haemorrhage
was reported in 2.9% of dalteparin recipientsand 0.3% of those receiving placebo
(p =0.006). There have been no reports of excess bleeding relative to placebo in
patients receiving extended (35-day) thromboprophylaxis with dalteparin after
orthopaedic surgery, and the drug has not been associated with clinically signif-
icant haemorrhagic complications or adversefetal or maternal outcomesin preg-
nant women.

The exact incidence of thrombocytopenia with dalteparin is not known, but has
been reported to belessthan 1% in patientsreceiving thedrug for thromboprophy-

laxis.
Dosage and Patients at moderate risk of venous thromboembolism after surgery should
Administration receive dalteparin subcutaneously at a dosage of 2500U once daily; patients at

high risk should receive 5000U once daily. A dosage of 200 U/kg once daily or
100 U/kg twice daily is recommended for the initial treatment of established
thromboembolic disease, and 120 U/kg every 12 hours in addition to aspirin is
indicated for patients with unstable CAD. An intravenous weight-adjusted bolus
followed by continuous infusion is recommended for haemodialysis or haemo-
filtration procedures lasting 4 hours or more; a single intravenous bolus may be
suitable where sessions are of less than 4 hours’ duration. Subcutaneous admin-
istration of dalteparin should beviathe abdomen or thelateral portion of thethigh.

Laboratory monitoring of the coagulation response is not necessary in most
patients receiving dalteparin therapy. Plasma anti-factor Xa activity should be
monitored in certain groups of individuals, however; these include those with
acute or chronic rena failure, and those at high risk of bleeding who require
treatment for established thromboembolic disease.
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Heparin is a naturally occurring glycosamino-
glycan with anticoagulant properties that consists
of chains of alternating residues of D-glucosamine
and a uronic acid. The characteristics and properties
of this agent have been reviewed in numerous pub-
lications, and the following introduction is a brief
summary based on information collated from a
number of such sources.[4

Standard unfractionated heparin (UFH) isheter-
ogeneous with respect to molecular weight distri-
bution, anticoagulant activity and pharmacokinetic
properties. Its molecular weight ranges from 3000
to 30 000 (mean approximately 15 000, equivalent
to around 50 monosaccharide units), and its antico-
agulant effect ismediated largely by apentasaccha-
ride sequence (present in about athird of UFH mol-
ecules) with high affinity for the plasma protease
inhibitor antithrombin. This sequence bindsto and
causes a conformational change in antithrombin that
enhancesits ability to inhibit the activated clotting
factorslla(thrombin), IXa, Xa, Xlaand XIla(fig. 1).

To inhibit the autocatalytic activity of thrombin
in the coagulation cascade, heparin must bind to
thrombin and antithrombin simultaneously viathe
formation of aternary complex (n.b. theterm heparin
isused throughout thisreview asageneral descrip-
tor for all formsof thisanticoagulant). This process
requires the participation of both antithrombin and
thrombin binding sitesand islimited to heparin mol-
ecules of about 18 saccharides or morein length. In
contrast, the inactivation of factor Xa by anti-
thrombin/heparin does not require the formation of
suchacomplex. Thus, asheparin moleculesconsis-
ting of fewer than 18 saccharides (molecular weight
below approximately 5000) are unable to form the
ternary complex with antithrombin and thrombin,
a decrease in the mean molecular weight of a mix-
ture of heparin fractions leads to an increasein the
ratio of anti-factor Xato anti-factor Ila activities.
Inhibition of thrombin isreflected by prolongation
of the activated partial thromboplastin time (aPTT);
asthe mean mol ecular weight of heparin decreases,
itsinfluence ontheaPTT diminishesbut anti-factor
Xaactivity isretained.

Over thepast 15 years, anumber of low molecular

0 Adis International Limited. All rights reserved.

weight derivatives of UFH, prepared by controlled
chemical or enzymatic depolymerisation, have be-
come available from commercia sources. These low
molecular weight heparins (LMWHSs) have mean
molecular weights of 4000 to 6000, with 60% of the
polysaccharide chains being within the range 2000
to 8000. The rationale behind their development
lay inthe apparent retention of anticoagulant (anti-
factor Xa) activity with reduced haemorrhagic (anti-
factor I1a) properties seen with heparin chains of
molecular weight below approximately 5000. Al-
though clinical experience with these agents has
shownthisrationaleto beover-smplistic, theLMWHSs
have neverthel ess been shown to have various phar-
macological and practical featuresthat arepotentially
advantageous in patients requiring antithrombotic
therapy. It has also become clear that the various
LMWHs are distinguished by differing biochemi-
cal and physicochemical characteristics. There is
therefore a need to consider each product individ-
ually, despite the large number of reviews and meta-
analyses that compare UFH with LMWHSs as a
group.

Ddteparin (fig. 2) isaLMWH derived from stand-
ard porcine UFH by partial nitrous acid depolymer-
isation.!3! It has a mean molecular weight of 5000,
with 90% of chains falling within the range 2000
to 9000.158] The pharmacological properties and
therapeutic use of this LMWH were originaly re-
viewed in Drugs in 1996.13 This updated article
reassessesthe drug and its placein the management
of thromboembolic diseasein thelight of new data,
the most notable of which have been obtained in the
settings of coronary artery disease (CAD), home
treatment of thromboembolism and pharmacoeco-
nomics.

1. Pharmacological Properties

The following discussion summarises briefly
information on the pharmacodynamic and pharma-
cokinetic properties of dalteparin that has been re-
viewed previously in more detail,[3! together with
additional material that has become available since
that time.

The antithrombotic effect of UFH isusually as-

Drugs 2000 Jul: 60 (1)
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Fig. 2. Structural formula of dalteparin.

sessed by its ability to prolong the clotting time of
blood (expressedintermsof aPTT), although it has
been suggested that this parameter reflects the un-
desirable haemorrhage-inducing properties of hep-
arin.l”l Because of the reduced anti-factor I1a effects
of LMWHSs relative to UFH, the antithrombotic
efficacy of dalteparin (in common with other
LMWHS) is measured in terms of its ability to in-
hibit factor Xa. Thus, doses of dalteparin are ex-
pressed throughout thisreview in units (U) of anti-
factor Xaactivity relative to the First International
Standard for Low Molecular Weight Heparins,@l
the reference standard adopted for the LMWHSs by
the World Health Organization in 1988. Doses of
UFH are given in international standard units (1U).

1.1 Effects on Clotting Factor Activities and
Other Coagulation Parameters

Pharmacodynamic studiesin humans have shown
dose-dependent inhibition of factor Xa by dalte-
parin.[47.9-11] Anti-factor Xaactivitiesof 600, 1500
and 300 U/L were reported in 1 study after single
intravenous doses of dalteparin 5000 and 10 000U
and UFH 50001 U, respectively, with no changesin
patients who received placebo.[9

Anti-factor Xa activity exceeded anti-factor Il1a
activity in plasmafrom surgical patientsreceiving
dalteparin, in contrast to patients receiving UFH,
who showed similar plasma activity against both
coagul ation factors.[*2:12] Single subcutaneous doses
of dalteparin 5000U, enoxaparin 40mg, tinzaparin
50 U/kg and UFH 50001U have been compared in
arandomised crossover study in 12 healthy volun-
teers which showed dalteparin and enoxaparin to
confer the highest peak plasma anti-factor Xa ac-

0 Adis International Limited. All rights reserved.
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tivities (480 to 490 U/L and 420 U/L, respective-
ly).[33] Corresponding activities with tinzaparin and
UFH were 180 and 90 U/L, respectively. Peak plasma
anti-factor Ilaactivitieswere 90 U/L with dalteparin,
40 U/L with enoxaparin, and 50 U/L with tinzaparin
and UFH.

Results from healthy volunteers and patients un-
dergoing surgery or haemodialysis have shown
that dalteparin exerts a significantly greater effect
than UFH on plasma anti-factor Xa activity relative
toitseffectson clotting parametersthat includeaPTT
and thrombin time (TT).[929 |n 2 studiesin atotal
of 528 patients undergoing abdominal surgery,
plasma anti-factor Xa activities were significantly
higher with dalteparin 2500 to 5000 U/day than
with UFH 10 000 U/day, with no significant differ-
ences between heparinsin aPTT values.[2021] Data
from patients undergoing haemodiaysis have shown
significantly greater increasesinaPTT and TT with
UFH (95.6 and 188.1 seconds, respectively) than
with dalteparin (7.5 and 7.4 seconds) at dosages
adjusted to ensure similar plasma anti-factor Xa
activity in each treatment group.[22

Dalteparin does not have any clinically signifi-
cant effect on plasma antithrombin levels or plate-
let counts, but platelet factor 4 (PF4) has asmaller
inhibitory effect on the anticoagul ant effect of dal-
teparin (and other LMWHS) than on that of UFH,[23]
and less PF4 is released into the circulation in the
presence of dalteparin than with UFH.[24 Dalteparin
also does not appear to exert any clinically signif-
icant effect on the fibrinolytic system.[914.17.22]
Datathat have becomeavailableinthelast 5years,
however, indicate that dalteparin and other LMWHSs
inhibit thrombin formation in patients with activated
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haemostatic systems (e.g. after hip surgery!? or
tissue injury,[28 and in unstable CADI27).

1.2 Effects on Blood Lipid Profiles

Standard UFH possesses lipolytic properties as-
sociated with increased activity of lipoprotein and
hepatic lipasesthat cause elevationsin plasmalev-
elsof freefatty acids (FFA).[2829] |n addition, long
term use of UFH has been associated with de-
creased plasmatriglycerideclearance, due possibly
to depletion of lipoprotein lipase stores by hepa-
rin.[30 These propertiesare of particular concernin
patients with chronic renal failure because these
individuals frequently have disturbed lipid meta-
bolism (involving mainly hypertriglyceridaemia).

Previously reviewed studies in healthy volun-
teers30.31 and in patients undergoing hip replace-
ment(28 or haemodialysisi?229321 showed consis-
tently lower lipolytic activity and/or mobilisation
of FFA with dalteparin than with UFH. In addition,
favourable effects of dalteparin on blood choles-
terol and triglyceride levels were reported in stud-
ies in patients with chronic renal failure undergo-
ing haemodialysis.[29:32]

These findings have been confirmed by data
from more recent clinical trials. German patients
(number not stated) undergoing haemodialysis for
more than 12 months showed reductions of 12.7
and 14.8% (both p < 0.05 vs UFH), respectively, in
blood total and low density lipoprotein cholesterol
levels when dalteparin was given in place of UFH
for 6 months.[33! During the dalteparin anticoagul a-
tion period, there were also no significant changes
in blood levels of high density lipoprotein choles-
terol or triglycerides. Data from 240 patients with
hypertriglyceridaemia who underwent haemodi-
alysis for more than 1 year showed significant re-
ductions relative to baseline in blood triglyceride
levelsafter 6 and 12 monthsin approximately 40%
of patients who received dalteparin, with no such
reduction being observed in patients receiving
UFH.I34 After 5 years follow-up in 54 patients,
triglyceride levels in blood were approximately
30% lower in patients receiving dalteparin than in
UFH recipients. Although cardiovascular mortality
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was similar between groups, significantly higher
triglyceride level swere present in patientswho ex-
perienced cardio- or cerebrovascular eventsthanin
those who did not.[34

1.3 Pharmacokinetic Properties

Dalteparin exhibits monoexponential first order
pharmacokinetics that are dose-independent and
are expressed in terms of plasma anti-factor Xaac-
tivity.[35-37]

After subcutaneous administration of dalteparin,
absorption is the rate-limiting step in the pharma-
cokinetics of the drug,!3¢ with peak plasma concen-
trations being attained after 2.8 to 4 hours,[13:36,3839]
Thevolume of distribution of dalteparin ranged from
2.9 to 4.3LI[35-37 and from 7.7 to 9L ,[38:39 respec-
tively, after single intravenous and subcutaneous
dosesin healthy volunteers. Tissue distribution stud-
iesin animals have shown that dalteparin is depos-
ited intheliver and kidneysto asmaller extent than
UFH (10 vs 60% 3 hours after administration).[4”!

The bioavailability of a subcutaneous dose of
dalteparin was shown to be 87% (compared with
20 to 30% for UFH) in healthy volunteers,[36l with
a plasma elimination half-life (tyg) of 2.4 to 4
hours.[13:36.3839 |t js now known that the avail abil-
ity at sites of action of some LMWHs is affected
by adhesion to erythrocytes, but data obtained with
citrated blood from healthy volunteers showed that
the availability of dalteparin, unlike tinzaparin, was
not affected by erythrocyte binding.[*!! Theauthors
suggested that this difference between the 2 com-
pounds may be accounted for by the lower molec-
ular weight distribution of dalteparin.

The typ of a single intravenous dose of dalte-
parin is approximately 2 hours, around twice as
long asthat observed with UFH.[33] Total clearance
was found in studies in healthy volunteers to be
approximately 2 L/h after single subcutaneous or
intravenous doses of 2500 or 5000U.[37:38:42] Api-
mal dataindicatethe principal route of elimination
of dalteparinto berenal; thisisin contrast to UFH,
which is excreted both renally and via the metabo-
lic activity of the reticuloendothelial system.[40)
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1.4 Drug Interactions

Enhancement of the anticoagulant effects of a
number of agents[e.g. aspirin, dipyridamole, vitamin
K antagonists and non-steroidal anti-inflammatory
drugs (NSAIDS)] is possible with dalteparin.lfl Re-
sults from a recent double-blind, placebo-controlled
crossover study in 24 healthy male volunteershave
shown an interaction between dalteparin and the
NSAID ketorolac.[3l Bleeding timeswere prolonged
by ketorolac administered alone as 2 oral and 1
intramuscular 30mg doses over 2 days (p < 0.0001
vs placebo). Bleeding timeswereincreased further
with the coadministration of dalteparin, although a
subcutaneous dose of 5000U had no effect on this
end-point when given alone. Calculation of theratio
of geometric mean bleeding times for ketorolac/
dalteparin and ketorolac/placebo indicated the pre-
sence of an interaction.

It should also be noted that the anticoagulant ef-
fect of dalteparin may be attenuated by the con-
comitant administration of antihistamines, cardiac
glycosides, tetracyclines and ascorbic acid.[®!

2. Therapeutic Use

Dalteparin was one of the first LMWHSs to be-
come available commercially, and much informa-
tion pertaining to its use in a number of clinical
settings has become available since the develop-
ment and introduction of this agent. Many of the
studies that have been carried out in patients re-
celving dalteparin were assessed in the previous re-
view in Drugs.®l The majority of these trials were
carried out in patients requiring surgical thrombo-
prophylaxis or treatment for established thrombo-
embolic disease. Other studies reviewed at that time
were carried out predominantly in patients receiv-
ing heparin to prevent clotting in haemodialysisor
haemofiltration circuits, and in patientswith CAD.

Since the publication of the previous review,
studies of the thromboprophylactic efficacy of
dalteparinin surgical patients have tended to focus
on the issues of optimum duration of thrombo-
prophylaxis, and a number of clinical trials have
been carried out in women at risk of thromboem-
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bolic disease in pregnancy. There has aso been a
great deal of interest in treatment with dalteparin
in the home rather than in hospital for patientswith
established thromboembolic disease, and severd
important studies of the use of dalteparin in pa-
tients with CAD have been published.

Asstated in section 1, doses of dalteparinin this
review are expressed in units of anti-factor Xa ac-
tivity relativetotheFirst International Standard for
Low Molecular Weight Heparins,[® and those of
UFH in international standard units. Heparin was
administered subcutaneously unless stated other-
wise.

2.1 Use in Surgical Thromboprophylaxis

Patients who have undergone surgery with gen-
eral anaesthesia experience periods of prolonged
immobility that predispose them to venous throm-
boembolism. Sequelae of deep vein thrombosis
(DVT) include superficial thrombophlebitis, deep
venous insufficiency, chronic leg ulceration and
cellulitis (reviewed by Bergqvistl*4l). Episodes of
DVT also put patients at risk of pulmonary embo-
lism (PE), apotentially fatal complication.[4°]

Patients are conventionally classified into 3
groups according to their risk of DVT [as sum-
marised in 1992 by the Thromboembolic Risk Fac-
tors (THRIFT) Consensus Groupl*®l]. Patients at
low risk are associated with incidences of DVT of
below 10% in the absence of prophylaxis, and this
category includes individuals undergoing minor
surgery (duration <30 minutes), those aged under
40 yearswho undergo major surgery (duration >30
minutes), and those with minor trauma or medical
illness. Thereafter, the risk of DVT increases ac-
cording to the type of procedure involved and the
effect of independent risk factors.

Patients at moderate risk are associated with in-
cidences of DVT of between 10 and 40%, and in-
clude individuals undergoing major general sur-
gery and those aged 40 years and over. High risk
patients (DVT risk 40 to 80%) include those under-
going major orthopaedic surgery and those under-
going major pelvic or abdominal surgery for can-
cer.l45! Notabl e factorsthat increase apatient’srisk
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of thromboembolic disease include obesity, preg-
nancy or childbirth, history of previous thrombo-
embolism, malignant disease, heart failure or re-
cent myocardial infarction (M1).[43]

Since the publication of the THRIFT report, data
obtained retrospectively from 2070 Swedish pa-
tients undergoing elective abdominal surgery who
received thromboprophylactic dalteparin have be-
come available. These have confirmed previous
thromboembolism, leg fracture or arthroplasty, ma-
lignant disease and prolonged operating time (>150
minutes) as independent predictors of major post-
operativethromboembolism, although age and body-
weight were not independent risk factors in these
pati ents.[46]

In general, specific thromboprophylaxisis rec-
ommended for all surgical patients at moderate to
high risk of DV T.I“®! Pharmacological treatments
used most commonly include low dose subcutane-
ous heparin, oral anticoagulants or dextran 70 in-
fusion. Mechanical methods, including graduated
compression hosiery and intermittent pneumatic
compression, may also be effective in patients at
moderate risk, and may be combined with pharma-
cological prophylaxisin high risk patients.[*®!

Contrast venography, the preferred identifica-
tion method for DVT, has been used consistently
for the diagnosis of venous thromboembolism in
studies carried out since the last review of dalte-
parin in Drugs.[3 125| -radiolabelled fibrinogen up-
take leg scanning (FUT) was used in many of the
studies published before 1996, but thismethod can-
not detect proximal thrombi because of high back-
ground levels of radioactivity, and is not suitable
for patients undergoing orthopaedic surgery.[47:48l
It appears now to have fallen out of use. Clinical
diagnoses of PE were confirmed predominantly by
pulmonary scintigraphy or angiography.

2.1.1 Comparisons With Unfractionated Heparin

or Warfarin, and Efficacy of Long Term Prophylaxis

In randomised and double-blind studies re-
viewed previously,[3 subcutaneous dalteparin, ad-
ministered oncedaily for 5to 13 daysafter surgery,
was generally of similar thromboprophylactic effi-
cacy to UFH in patients undergoing general or or-
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thopaedic surgery. Most investigators compared
dalteparin 2500U once daily with UFH 50001U
twice daily, and the mgjority of trials were carried
out in patients undergoing general or gynaecol og-
ical surgery.

In general, too few patients were recruited for
the drawing of definitive conclusions, although 2
studies, one of which involved over 800 patients
undergoing general surgery!*®! and the other afollow-
up period of 6 to 8 weeksin 122 patients undergoing
orthopaedic surgery,[59 showed superiority of dalt-
eparin 5000U once daily over UFH 50001U 2 or 3
timesdaily. Clinical trials conducted since 1996 in
patients requiring thromboprophylaxis have em-
ployed this dosage of dalteparin, and are summarised
intable | alongside data from the largest randomised
and double-blind studies featured in the previous
review. Theincidences of DVT shown for al trials
are those for events detected by venography or
FUT. Cited incidences of PE refer to symptomatic
events.

Recent clinical studies have been carried out
mainly in patients undergoing total hip arthroplasty,
and have focused on the use of extended periods of
thromboprophylaxis and comparison of dalteparin
with warfarin. Results have shown overall that 35
days' prophylaxis reduces the frequency of veno-
graphically evident thromboembolic complications
to a significantly greater extent than prophylaxis
for 7 days, and have indicated dalteparin to be su-
perior to adjusted-dosage warfarin when either was
given for up to 1 week or for 35 days after surgery
(tablel). It is not clear whether other thrombopro-
phylactic measures were used in most studies, al-
though compression hosiery was used in al patients
in1trial® and was allowed in 1 other>9 (both stud-
iesof long versus short term prophylaxis). Heparin
treatment was started shortly before surgery by the
majority of investigators.

As stated above, dalteparin was given at a dos-
age of 5000U once daily in studies in which re-
gimens were described fully. However, results of
the 2 largest recent trials are currently availablein
preliminary form only, with dosages not speci-
fied.[5253] Both showed statistically significant re-
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Table I. Thromboprophylactic efficacy of dalteparin. Results of clinical studies in surgical patients at moderate to high risk of thromboembolic complications in which dalteparin (D)
was compared with unfractionated heparin (UFH) or warfarin, or in which long term (L/T) and short term (S/T) prophylactic regimens were compared. Numbers of patients given were
those with evaluable venograms, and follow-up periods relate to the time of final clinical assessment (including screening for thromboembolic events). All heparin doses were

administered subcutaneously

Reference (study Patient parameters Regimens (D doses in anti-  Follow-  Procedure Incidence of clinical end-points  Overall
design) factor Xa units; UFH in up period used to (% of patients) efficacy
international standard units) detect DVT
no. evaluated (mean age malignant disease/ DVT PE mortality?
in years) history of TE (%)
Orthopaedic surgery: comparison with UFH
Eriksson et al.[59 63 (68) 0/12.5 D 5000 od x 10 days 6-8wks V 30.2 12.3 0 D > UFH
(r, db)
59 (69) UFH 5000 tid x 10 days 42.4 30.9* 0
Orthopaedic surgery: comparisons with warfarin (W)
Francis et al.[5! 192 (63) NR/9.0 D 5000 od mean7 V 14.6 NR NR D>W
(r, nb) days
190 (64) NR/11.0 W od (target INR = 2.5) 25.8* NR NR
Pineo & Hulll52 337 (NR) NR D od started immediately mean \Y, 10.7 NR NR D>W
(r, db) [abstract] before surgery 5.7 days
336 (NR) NR D od started shortly after 131 NR NR
surgery
338 (NR) NR W od started after surgery 24.0*** NR NR
Hull & Pineol5?! 174 (NR) NR D od started immediately 35days V 17.2 NR NR D>W
(r, db) [abstract] before surgery x 35 days
171 (NR) NR D od started shortly after 22.2 NR NR
surgery x 35 days
188 (NR) NR W od during hospital stay, 36.7** NR NR
then PL to day 35
Orthopaedic surgery: L/T vs S/T prophylaxis
Dahl et al.[54 93 (719) 9.4/8.5b D 5000 od x 35 days® 35days V 1.8 0d od L/T>SIT
(r, db, mc)
89 (71b) 9.1/4.5b D 5000 od x 7 days, then PL 25.8* 2.8d 0.9¢
to day 35¢
Lassen et al.[5%] 113 (68) 2.1/7.1 D 5000 od x 35 days 35days V 4.4 NR NR L/T>SIT
(r, db, mc)
102 (70) 2.1/35 D 5000 x 7 days, then PL to 11.8* NR NR
day 35
General or gynaecological surgery: comparisons with UFH
Bergqvist et al.[49 421 (68) 64.0/6.7 D 5000 od x 5-8 day 30days FUT 5.0 0 2.0 D > UFH
(r, db, mc)
405 (69) UFH 5000 bid x 5-8 days 9.2* 1.0 2.08
Caenl? (1, db, mc) 195 (52) NR/8.8 D 2500 od x 7 days 30days FUT 3.1 0 0 D = UFH
190 (60) UFH 5000 bid x 7 days 3.7 0.5 0
Hartl et al.l%8] (r, db) 112 (65) 32.6/2.0 D 2500 od x >7 days NR FUT/V 4.5 0.9 0.9 D = UFH
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Table | (contd)
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ductions (approximately 50%) relative to warfarin
(details of regimens used not stated) in overall in-
cidence of DVT with short (mean follow-up 5.7
days)52 and long (35-day) terml53! dalteparin pro-
phylaxis (started either immediately before or
shortly after surgery) [table I]. Warfarin was given
during the period of hospitalisation only in both
studies; in the long term trial,[53 patients random-
ised to warfarin received a placebo after discharge,
whereas patients on dalteparin received active pro-
phylaxisfor thefull 35 days. Inaddition, dalteparin
5000U once daily was significantly more effective
in the prevention of DVT than warfarin in a 7-day
randomised nonblind study in 382 evaluable pa-
tientsundergoing total hip arthroplasty (tablel).l54
Warfarin dosageswere adjusted to maintain atarget
international normalised prothrombin time ratio
(INR) of 2.5; the mean INR attained ranged be-
tween approximately 1.8 and 2.1 from day 2to day 7.
Superior efficacy of long term over short term
prophylaxiswith dalteparin hasbeen shownin 2 other
double-blind studies, both involving around 200
patientswith evaluablevenograms. Reductionsrel-
ative to 7-day prophylaxisin incidence of DVT of
54154 and 63%l55 were reported after dalteparin
5000U was given once daily for 35 days (table ).
Hip surgery isassociated in particular with ahigh
risk of DV T inthe proximal veinsof theleg,*” and
all 5 recent studies in patients undergoing total hip
arthroplasty havereported, in additiontototal DVT
results, incidences of proximal DVT.[5-5% Thein-
cidence of proximal DVT was significantly (p <
0.05) lower with dalteparin than with warfarin after
amean 5.7-day follow-up in 1 study (0.8% in both
dalteparin groups vs 3% with warfarin),[52 and there
was a significantly (p < 0.001) lower incidence of
proximal DVT with 35 days dalteparin (19.7%
overall) than with warfarin in hospital followed by
placebo after discharge (36.7%) in another.[53 Other
studies showed trends towards |ower incidences of
proximal DV T with dalteparin than with warfarin,[51
and with 35 days of dalteparin prophylaxisthan with
7 days.[5435] The greater apparent efficacy of dalte-
parin 5000U daily than UFH 50001U 3 times daily
in the earlier study of Eriksson et a.[5% was based

Drugs 2000 Jul: 60 (1)



‘ponISsal sUBL ||V PEHWIT [OUOLOUISI| SIPY ©

(1) 85 ‘Unré661 sbnia

Table I. Contd
Reference (study Patient parameters Regimens (D doses in anti-  Follow-  Procedure Incidence of clinical end-points ~ Overall
design) factor Xa units; UFH in up period used to (% of patients) efficacy
international standard units) detect DVT
no. evaluated (mean age malignant disease/ DVT PE mortality?
in years) history of TE (%)
115 (63) UFH 5000 bid x >7 days 4.3 0.9 0.9
Kakkar et al.57! (r, 1894 (240) 37.6/4.6 D 2500 od x 5-10 days 4-8wks Vv 0.6 0.7 33 D = UFH
db, mc)
1915 (=40) UFH 5000 bid x 5-10 days 0.6 0.7 25
Ward & Pradhan(®8] 271 (559) 79P/NR D 5000 od x 5 days or until ~ 6wks \Y 0 1.8 NR D = UFH
(r, sb) full activity
281 (55Y) 84b/NR UFH 5000 bid x 5 days or 0.4 0.4 NR
until full activity
a Deaths related to thromboembolic events only (unless stated otherwise).
b Values from intention-to-treat population.
¢ All patients received dextran 70 for 2 days (starting on the day of surgery) and wore compression hosiery.
d 111 and 106 patients in the L/T and S/T groups, respectively, evaluable for this clinical end-point.

e Total deaths (all causes).

bid = twice daily; db = double-blind; DVT = deep vein thrombosis; FUT = 125]-fibrinogen uptake leg scanning; INR = international normalised prothrombin time ratio; mc = multicentre;
nb = nonblind; NR = not reported; od = once daily; PE = pulmonary embolism; PL = placebo; r = randomised; sb = single-blind; TE = thromboembolism; tid = 3 times daily; V =
contrast venography; > indicates greater efficacy; = indicates equivalent efficacy; * p < 0.05, ** p < 0.01, *** p < 0.001 vs D.
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Table Il. Thromboprophylactic efficacy of dalteparin (D) relative to other low molecular weight heparins. Results of clinical studies in surgical
patients at moderate to high risk of thromboembolic complications in which D was compared with enoxaparin (E) or nadroparin (N). Numbers
of patients given are those with evaluable venograms, and follow-up periods relate to the time of final clinical assessment (including screening

for thromboembolic events). All doses were administered subcutaneously once daily

Reference (study Patient parameters Regimens (D and N Follow-up Procedure Incidence of clinical
design) doses in anti-factor Xa period used to detect end-points (% of patients)
no. evaluated procedure  Units) DVT DVT PE
Bounameaux et 63 Abdominal D 2500 x 8 days? 8 days \ 32.3 NR
al.l®% (r, sb) surgery
59 N 3075 x 8 days? 16.3* NR
Raise et al.[84 (r, 52 Repair of hip D 5000 x <10 days 10 days \% 8.8 0
sb) [abstract] fracture
57 E 40mg x <10 days 154 0
53 Danaparoid sodium 5.7 0

750U x <10 days

a All patients issued with compression hosiery.

DVT = deep vein thrombosis; NR = not reported; PE = pulmonary embolism; r = randomised; sb = single-blind; V = contrast venography; *

p <0.05 vs D.

on higher incidences of proximal DVT and PE in
the UFH group, although the difference between
treatments in overall incidence of DVT was not
statistically significant (table ).

2.1.2 Comparisons With Other Agents
At thetimeof the previousreview,3! few studies

comparing dalteparin with thromboprophylactic
agents other than UFH were available; apart from
the comparisons with warfarin described above
(section 2.1.1), there have been no new data pub-
lished since that time. Dalteparin 2500U twice
daily showed greater thromboprophylactic effi-
cacy than the plasma expander dextran 70 (used as
a 6% solution) in anonblind study in 98 evaluable
patients undergoing elective hip arthroplasty.!2l
Similar incidences of DVT and PE between groups
were reported in another study after thrombo-
prophylaxis with dalteparin 2500U once daily or
sodium pentosan polysul phate 50mg once or twice
daily subcutaneously in 749 patients undergoing
abdominal surgery.>9

Ddlteparin has been compared with the LMWHSs
nadroparin and enoxaparin in 2 single-blind stud-
ies (tablell). Theincidence of venographically de-
termined DV T waslower in 52 patientsundergoing
hip fracture repair who received dalteparin 5000U
once daily than in 57 recipients of enoxaparin 40mg
once daily, but the overall significance of these
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findings is unclear.l1 Although there was no sta-
tistically significant difference between groups,
full details remain unavailable, and the power of
the trial to show definitively superiority or equiv-
alence of treatments is doubtful. An additional
group of 53 patients received the heparinoid dan-
aparoid sodium in this study (table II).

The comparison with nadroparin showed ahigher
incidence of DVT in patients who received dalte-
parin, but there was an unexpectedly high incidence
of DVT in both treatment groupsin this study, and
both the levels and comparability of the dosages
used were questionable (dalteparin 2500U was
compared with nadroparin 3075U, both given once
daily)(®! [table1]. As patientsrecruited in this study
were required to have at least 1 risk factor from a
listincluding obesity, malignant disease, history of
previous venous thromboembolism, heart failure,
oral contraceptive use or presumed duration of sur-
gery greater than 4 hours, the dosage of dalteparin
used may not have been appropriate for the overall
risk profile of the patients treated.

2.2 Thromboprophylaxis in Pregnancy

Thromboembolic complications during preg-
nancy and childbirth are amajor cause of maternal
mortality. Obstruction of venous return by the grow-
ing uterus and prothrombotic haemostatic changes
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are implicated, and a history of DVT has been as-
sociated with increased risk of recurrent thrombo-
embolism in pregnant women. Other factorsincress-
ing therisk of pregnancy-related thrombosisarethe
presence of an inherited thrombophilia, such as ac-
tivated protein C resistance or deficiency of anti-
thrombin or protein C or S, or an acquired thromb-
ophilia such as the antiphospholipid syndrome
(reviewed by Hunt et al.[62]),

In the past, pregnant women requiring anticoag-
ulants have received UFH or oral coumarin agents,
neither of which isideal. Oral anticoagulants cross
the placenta and are associated with fetal abnorm-
alities in the first trimester and intracranial haem-
orrhage at all stages of gestation, and UFH is asso-
ciated with maternal adverse effects such asbleeding,
thrombocytopenia and osteoporosis.[62 The use of
LMWHSsin pregnancy and childbirth is not exten-
sively documented, but the results of several stud-
ies in pregnant women receiving dalteparin have
become available since 1996.

A single randomised comparison of dalteparin
with UFH has been carried out in pregnant wo-
men.[%3] In this nonblind study, 105 women with a
history of thromboembolic disease and/or heredi-
tary thrombophilia received dalteparin (mean dos-
age of 4631U oncedaily) or UFH (mean dosage 20
5691U daily divided into 2 doses). Dalteparin and
UFH dosages were adjusted according to plasma
anti-factor Xaactivity and aPTT, respectively. Pro-
phylaxis was continued throughout pregnancy and
for up to 6 weeks after delivery. No thromboem-
bolic complications were reported with either hep-
arin, but there were 9 bleeding episodes (including
injection site haematomas) in the dalteparin group
and 55with UFH (p<0.001). Only 2 haemorrhages
were described as serious (i.e. requiring transfu-
sion); both were observed during childbirth in pa-
tients receiving UFH. In addition, there were 2
lumbosacral compression fractures, both in UFH
recipients. Pregnancy outcomes were similar be-
tween groups.

No thromboembolic complications were reported
in 3 case seriesinvolving atotal of 110 women (117
pregnancies) at high risk of venous thromboembo-
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lism who received dalteparin throughout pregnancy.
In 2 series 18463 gl 78 patients had a history of
thromboembolic disease; however, one excluded
patientswith hereditary thrombophiliaor antiphos-
pholipid syndrome,[84 whereas the other included
patients with acquired or hereditary thrombophi-
lia.[%%] In the remai ning series of 34 pregnancies,62
ahistory of thromboembolic disease was present in
26 and acquired or hereditary thrombophiliain 30
(antiphospholipid syndrome was present in 11 preg-
nancies). The dosage of dalteparin was adjusted ac-
cording to plasmaanti-factor Xaactivity, with most
patients receiving between 5000 and 10 000U
daily. There were no reports of thrombocytopenia
or serious bleeding complications in any of the
pregnancies included in these 3 series, although 1
osteoporotic fracture was reported®? (see section 4).

2.3 Treatment of Established
Thromboembolic Disease

For many years, UFH has been the standard
treatment for acute episodes of thromboembolicdi-
sease. |nitial heparin therapy isgenerally given for
1 or 2 weeks, during which time oral anticoagul ant
therapy is started, and is discontinued 48 hours af -
ter the prothrombintimereachestherapeuticlevels.
Oral anticoagulant treatment is then continued for
at least 3 monthsto prevent any recurrence of DVT
or PE (reviewed by Nurmohamed et al.[“8 and
Charland & Klinter(66]),

In comparative studies reviewed previously in
Drugs,l¥ dalteparin was shown consistently to be
of equivalent efficacy in terms of improvementsin
venographic findings and Marder scores (a 40-point
scale used to quantify the degree of venographic-
aly evident venous occlusionl®?) to UFH in the
acute management of DVT (see Dunn & Sorkin(3]).

Dalteparin was given by either intravenous in-
fusionl®8:59 or subcutaneous injection (once or twice
daily),[79-75] whereas UFH was given intravenously
in al trials but one.l”3 Fixed dosages of dalte-
parin(®8l and regimens adjusted according to body-
weightl69.72.7475] or plasma anti-factor Xa activ-
ity[70.71.73] were investigated. UFH dosages were
adjusted maintain aPTT at 1.5[7475] or 217071 to 3
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times the control value in the majority of stud-
ies,[70-72.74.75] glthough bodyweight-[69 or anti-factor
Xa activity-adjustedl”™! or fixed!®®! dosages were
used by some investigators. One study only was
carried out in a double-blind fashion. (58]

Heparin treatment was given for up to 10 days,
during which time long term warfarin therapy was
started. It should be noted that 2 studies "7 that
were not available in their finalised form at the
time of the last review have since been published
in full with no changes in the data presented.[76.77]
Dalteparin 120 U/kg twice daily was of similar ef-
ficacy to aPTT-adjusted UFH given by continuous
intravenous infusion in the only study carried out
in patients with acute PE (n = 60).[78

Since that time, data have continued to show
similar efficacy of dalteparin and UFH in thetreat-
ment of patients with established DVT. Six-month
follow-up of patientsrandomised to dalteparin 200
U/kg once daily subcutaneously or aPTT-adjusted
UFH by continuous intravenous infusion for 5 to
10 days, after which warfarin was continued for at
least 3 months, showed no significant differences
between groups in Marder scores, symptoms or
thrombus evolution.[”® Thisanalysiswas an exten-
sion of a study reported previously,[” and the re-
sults showed no changes from the initial treatment
data.

Retrospective follow-up data covering a period
of 5to 14 years from the original thromboembolic
episode in patients in 3 Swedish clinical studies
have also been published.[89 Patients were rando-
mised in these nonblind trials to intravenous UFH
or intravenous dalteparin infusion, intravenous
UFH infusion or subcutaneous dalteparin twice
daily, or dalteparin subcutaneously once or twice
daily. UFH and dalteparin dosages were adjusted
according to aPTT and plasma anti-factor Xa ac-
tivity, respectively. Initial heparin therapy was
given for at least 5 days, during which time long
term warfarin treatment was commenced (thiswas
continued for at least 3 months in most patients).
The analysis included 180 dalteparin and 85 UFH
recipients, of whom 157 were availablefor clinical
examination. Data on the other patients were ob-
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tained from clinical notes, questionnaires, or Swe-
dish national statistical or hospital discharge re-
cords. Recurrent venous thromboembolism during
the extended follow-up period wasreported in 29.4
and 23.5% of dalteparin and UFH recipients, re-
spectively (no statistically significant difference).
There were no differences between groupsin total
mortality or mortality from malignant disease.

2.3.1 Outpatient Treatment

Patients with acute thromboembolic disease have
traditionally received initial treatment with hepa-
rinin hospital. This has been considered necessary
because of the need for intravenous administration
and laboratory and clinical monitoring of patient
responses. However, the ease of subcutaneous ad-
ministration of LMWH at bodyweight-adjusted
dosages raises the possibility that patients with ve-
nous thromboembolism might receive acute treat-
ment on an outpatient basis, with potential for sav-
ings in hospital costs/81:82 (see section 3.1).

Over thelast 5 years, anumber of noncompara-
tive trials have been carried out to investigate the
feasibility of initial outpatient treatment of estab-
lished thromboembolic disease with dalteparin.[83-
89 | n these analyses, dalteparin was given at ados-
age of 200 U/kg once daily for at least 5 days (=4
days in 1 triall83), with warfarin treatment being
started during initial heparin therapy and contin-
ued for a follow-up period of 3 to 6 months (al-
though patients were monitored for up to 3 years
in 1 study!®®). Initial treatment with bodyweight-
adjusted subcutaneous dalteparin was reported to
be effective, well tolerated and readily accepted by
patientsin all studies. Protocolsfor administration
of dalteparin varied, with injections being admin-
istered in the home setting by patients or their car-
egiverd848589 or py visiting community health
staff,[84-86.89] or during outpatient clinic visits.[83.87]

A single report is available from a series of 24
patients with thromboembolic disease for whom
warfarin therapy was unsuitable and who received
dalteparin on along term home treatment basis.[%0
The drug was reported to be effective and well tol-
erated when self-administered subcutaneously by
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patients for 3 months at a dosage of 5000U once
daily (2500U in 1 patient).

Dalteparin was reported to be of equivalent ef-
ficacy to warfarin in the only study in which these
agents have been compared in patients requiring
treatment for thromboembolic disease.[®! Patients
were randomised in this 3-month nonblind trial to
inject themselves subcutaneously once daily with
dalteparin 5000U (44 evaluable patients) or to take
warfarin to maintain an INR of 2 to 3 (42 patients)
after a 10-day initial treatment period in which al
patients received UFH subcutaneously. Veno-
graphy and ventilation perfusion scans carried out
after 12 weeks showed a trend towards greater ef-
ficacy of warfarin in the prevention of recurrent
DVT (6.8% with dalteparin vs 2.4% with warfarin)
and PE (4.5 vs 2.4%). These differences between
groups were not statistically significant, however.

2.4 Use in Coronary Artery Disease

2.4.1 Unstable Coronary Artery Disease

Unstable CAD encompasses both unstable an-
ginaand non—-Q-wave (non—ST-segment el evation)
MI. Patientswith these conditions experienceisch-
aemic episodesand are at risk of progression to acute
MI and death. The pathological lesion in these in-
dividuals is usually a platelet-rich, nonocclusive
thrombus overlying fissured or active plagues, un-
like the fibrin-rich occlusive thrombus seen in pa-
tientswith acute M1 (reviewed by Campbell et al.[92
and Brieger and Freedman(®3).

Antiplatelet agents form the mainstay of medical
therapy in unstable CAD, and aspirin (or an alter-
native for those unableto tolerate this drug) is nor-
mally given to al patients upon presentation. Ni-
tratesareused to control symptoms, and 3-blockers
and calcium antagonists may be added as neces-
sary.[92 The novel platelet glycoprotein GPI1b/lI1a
antagonists, used predominantly at present in con-
junction with percutaneous coronary intervention,
also show potential in the non-invasive manage-
ment of unstable angina.l94-97]

The value of heparin (in addition to aspirin) in
the prevention of recurrence of symptomsand pro-
gressionto M1 or death hasbeen establishedinclin-
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ical studies, and intravenous infusion of UFH is
known to confer antithrombotic benefit in theacute
phase of unstable CAD.[98%9 However, the route
of administration and the need for |aboratory mon-
itoring imposes limits, particularly in terms of du-
ration of use, on UFH therapy. In unstable CAD,
patients remain at increased risk of cardiac events
for 6to 12 weeksand in ahypercoagul able statefor
several months after an acute episode, and the pro-
tection offered by the short term UFH treatment
received by most patientsis lost rapidly after dis-
continuation of the infusion.[2%° The optimum du-
ration of heparin treatment in these patients re-
mains under investigation.

LMWHs are easier to administer than UFH and
can be given asbodywei ght-adj usted dosageswith-
out the need for laboratory monitoring. They are
therefore of special interest in the long term pro-
tection of patients with CAD.

Subcutaneous dalteparin was compared with
UFH and with aspirin therapy aone in a 2-phase
multicentre European and North American study in
which 1482 patients (all of whom were receiving
aspirin 75to 165 mg/day) with unstable CAD were
randomised initially to nonblind treatment with ei-
ther heparin for 6 days.[?91 This was followed by
a double-blind phase (days 6 to 45), in which
dalteparin 7500U once daily (n = 562) was com-
pared with placebo (n = 561). Between days 6 and
45, the rate of death, Ml or recurrence of angina
(the composite primary end-point) was 12.3% in
both treatment groups. Rates for death or M| were
4.7% with placebo and 4.3% with dalteparin; re-
vascularisation procedures were undertaken in 14.2
and 14.3% of patients, respectively. Eleven pa-
tients (2%) in each group died. During the first 6
days, death, MI or recurrence of angina was re-
portedin 7.6% of 731 patientsreceiving UFH (con-
tinuous infusion adjusted to maintain the aPTT at
1.5 times the control value) and 9.3% of 751 pa-
tients receiving dalteparin 120 U/kg twice daily.
There were 11 deaths (1.5%) in the dalteparin group
and 3 (0.4%) in the UFH group (p = 0.05). The
acute results highlighted subcutaneous dalteparin
as an alternative to UFH, although it should be
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noted that this phase of the study lacked sufficient
statistical power to show conclusively equivalence
of the 2 heparins.

The use of dalteparin in the management of pa-
tients with CAD has been most extensively inves-
tigated by the Swedish Fragmin and Fast Revas-
cularisation during Instability in Coronary Artery
Disease (FRISC) study group. Thefirst of 2 large,
randomised double-blind studies carried out by
this group was reported in 19961192 and was re-
viewed in the original evaluation of dalteparin in
Drugs.l® Thisoriginal study showed lower rates of
death and new M1 over thefirst 6 daysof treatment
(the primary end-point) in 746 patients randomised
to dalteparin 120 U/kg twice daily for 5 to 8 days
followed by 7500U once daily for 35 to 45 days
than in 760 placebo recipients (1.8 vs 4.8%; p =
0.001). Patients were randomised within 72 hours
of presentation in this study, and 95% received as-
pirin 75 mg/day.

During thefirst 6 days, dalteparin treatment al so
reduced the need for revascularisation procedures
(0.4 vs 1.2%; p < 0.001) and for intravenous hepa-
rin (3.8 vs 7.7%; p < 0.001). Incidences of a com-
posite end-point of death, MI, or need for rev-
ascularisation or intravenous heparin over 6 days
were 5.4 and 10.3% (p < 0.001) for dalteparin and
placebo, respectively. After 40 days, the rates of
death, new M1, need for revascul arisation and need
for intravenous heparin remained lower in the
dalteparin than in the placebo group. Subgroup
analyses suggested that benefit of dalteparin was
confined to non-smokers (80% of patients), those
with non—Q-wave MI and those with low body
massindex (<26 kg/m?2). There were no significant
differences between groups in rates of death, new
M1 or need for revascul arisation 4 to 5 months after
the end of treatment.[102]

Since that time, the FRISC group has published
the results of a 2-part multicentre study that in-
volved patients from an original population of
3489 with symptoms of acute ischaemia of whom
2267 were either not eligible for coronary revas-
cularisation (n =1032) or were randomised to non-
invasive therapy (n = 1235) [FRISC I1].1193] These
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individuals all received initial treatment with dal-
teparin 120 U/kg (maximum 10 000U) twice daily
for 5to 7 days, after which 2105 patients received
double-blind treatment with either dalteparin 5000
or 7500U (depending on bodyweight) twice daily
or placebo for 3 months by self-injection on an out-
patient basis. All patientsreceived aspirin (mainte-
nance dosage of 75to 320 mg/day), and B-blockers
unless contraindicated. Nitrates and calcium an-
tagonists were added as required.

There was a statistically significant (p = 0.002)
47% decrease relative to placebo in a combined
end-point of death and M| with dalteparin after 1
month when the double-blind treatment period
only (i.e. from day 5to 7 onwards) was considered
(fig. 3). The difference between groups after 3
months was not statistically significant, however.
Results from thetotal cohort of randomised patients,
which included both the nonblind and double-
blind treatment periods, also showed a significant
decrease relative to placebo in death and M1 over
the first month, but not after 3 months (fig. 3). Re-
sultsfor thetriple end-point of death, M| and need
for revascul arisation showed significant decreases
in the dalteparin group relative to placebo after 1
month (24% reduction; p = 0.001) and 3 months
(13% reduction; p = 0.031) [fig. 3]. There were no
statistically significant differences between groups
after 6 months for either end-point.

Substudies based on the FRISCI1%4 and FRISC
1112051 cohorts have suggested that longer term (5-
week and 3-month, respectively) benefit is confined
to patients with raised plasma levels of cardiac
troponin-T (a component of cardiac muscle fila-
ments that acts as a marker of cardiac injury[108)),

In the second part of the FRISC 11 study,!197] the
1235 patients randomised to non-invasive therapy
who formed part of the study population referred
to above were compared with 1222 patients rando-
mi sed to percutaneous coronary intervention. From
randomisation, all patients received dalteparin 120
U/kg twice daily for at least 5 days in the non-in-
vasive group and until coronary interventionin the
invasive therapy group. Thereafter, treatment was
continued for 3 months, with patientsin both groups
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Fig. 3. Effects of dalteparin in patients with unstable coronary artery
disease. Rates of death and myocardial infarction (MI) or death,
MI and need for revascularisation after 1, 3 and 6 months’ treat-
ment with dalteparin or placebo.[1%3 All patients received initial
treatment with dalteparin 120 U/kg twice daily subcutaneously
for =5 days, after which double-blind treatment with dalteparin
5000 or 7500U (depending on bodyweight) twice daily or pla-
cebo was started. Results are shown for up to 6 months for the
entire study (non- and double-blind treatment periods), and for
death and Ml for the 3-month double-blind period only (i.e. from
day 5 to 7 onwards). * p < 0.05, ** p < 0.01 vs placebo.

being randomised to dalteparin 5000 or 7500U on

the basis of bodyweight twice daily or placebo.
After 6 months, there was a significant 22% de-

crease relative to non-invasive treatment in the

0 Adis International Limited. All rights reserved.

composite end-point of death or M1 in theinvasive
therapy group (relative risk 0.78; p = 0.031). The
incidence of symptoms of angina and rate of need
for re-admission to hospital were approximately
halved by the use of invasive therapy. However,
outcomeswere not affected by the use of dalteparin
(fig. 4). It should be noted that coronary angio-
graphy was performed within 7 days of presenta-
tion in 96 and 10%, and coronary revascul arisation
within 6 months in 77 and 37%, respectively, of
patients in the invasive and non-invasive therapy
groups.

2.4.2 Acute Myocardial Infarction

Since 1988, patients with acute M1 have under-
goneroutine treatment with intravenous thrombol -
ysis, with the best results being obtained in patients
who receive prompt treatment and who have early
and complete restoration of blood flow in the af-
fected coronary artery (reviewed by Frostfeldt et
al.[198]), The additional effect of aspirin iswell es-
tablished, and infusion of UFH (in addition to ini-
tial recombinant tissue plasminogen activator ther-
apy) has been shown toimprovearterial patency in
the short term.[1%9] Asin patientswith unstable CAD,
interest has been shown in the LMWHSs as easily
administered aternativesto UFH in these individ-
uals.

Thelargest available published study compared
dalteparin with placebo in patients with acute an-
terior M1 (diagnosed on the basis of clinical history
and ECG changes).[119 | n this randomised, doubl e-
blind multicentre trial, dalteparin 150 U/kg or pla-
cebo twice daily was started either immediately or
8 hours after thrombolysis with streptokinase (given
t0 91.5% of patients) and was continued for 7 to 11
days. Echocardiographic recordings showed 35 and
37% reductions, respectively, relativeto placebo (n
= 270) in acombined end-point of left ventricular
thrombus formation or arterial thromboembolism
and in left ventricular thrombus formation alonein
247 patients who received dalteparin (both p <
0.05) [fig. 5]. The odds ratio for left ventricular
thrombosis for dalteparin versus placebo was 0.49
(p = 0.009), but there were no significant differences
between groupsin rates of mortality or re-infarction.
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Fig. 4. Effect of dalteparin in patients randomised to invasive or
non-invasive treatment of unstable coronary artery disease. A
total of 2457 patients were assigned to either treatment ap-
proach and then randomised to double-blind therapy with
dalteparin 5000 or 7500U (depending on bodyweight) or pla-
cebo twice daily for 3 months after nonblind initial treatment with
dalteparin 120 U/kg twice daily.['%”] Rates of death or myocardial
infarction (MI) [combined end-point] are shown. Figures above
bars show the numbers of patients available for 3-month as-
sessment.

Inthistrial, 97.6% of patients received aspirin at a
mai ntenance dosage of 160 mg/day.

In a smaller randomised, double-blind multi-
centre comparative study,[1%8] dalteparin 100 U/Kg,
given just before streptokinase and again after 12
hoursin 54 patients, had no significant effect rela-
tive to placebo (47 patients) on angiographic signs
of coronary reperfusion. There were no significant
differences between groups in clinical outcomes,
including rates of death or reinfarction, overall
numbers of cardiac events or need for revascular-
isation, over 21 days. However, significantly fewer
dalteparin than placebo recipients showed ECG
evidence of ischaemic episodes from 6 to 24 hours
after the start of treatment (16 vs 38%; p = 0.04).

Preliminary results from a study in which 1128
patients with acute Ml who were not eligible for
thrombolysis received dalteparin 120 U/kg twice
daily in addition to aspirin for 3 days have indi-
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cated short term benefit of dalteparin.[111 A retro-
spective comparison with 679 patients treated at
the same centres with UFH showed statistically
significant (all p < 0.001) reductions with dalteparin
therapy in incidences of death, revascularisation,
left ventricular thrombus and heart failure. How-
ever, after randomised and double-blind treatment
with dalteparin 7500U (n = 519) or placebo (n =
518) once daily for 1 month, there was no signifi-
cant difference between groups in the composite
end-point of death, re-infarction or infarct exten-
sion, revascul arisation, post-infarction angina and
heart failure at either day 30 or day 90.

2.5 Use in Haemodialysis
and Haemofiltration

Blood flowing through haemodialysis circuits
isin continuous contact with the surfaces of syn-
thetic channelsthat lack the endothelial cell lining
necessary for the prevention of blood coagula-
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Fig. 5. Effect of dalteparin on clinical end-points in patients with
acute anterior myocardial infarction. In a randomised, double-
blind multicentre study, 517 evaluable patients received
dalteparin 150 U/kg twice daily or placebo for 7 to 11 days
(started after thrombolysis with streptokinase in 91.5% of pa-
tients).[2% Incidences of left ventricular (LV) thrombus or arterial
thromboembolism and LV thrombus only are shown. * p < 0.05
vs placebo.
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tion.[112 Pharmacological anticoagulation isthere-
fore required to maintain circulation during haem-
odialysis or haemofiltration, and heparin is used
widely in this setting.

LMWHsare of interest in the prevention of blood
coagulation in extracorporeal circuitsbecausethey
interact with plateletsto asmaller extent than UFH
(section 1) and have potential advantages in terms
of bleeding complications. It may also be possible
with these agents to maintain the patency of haem-
odialysis and haemofiltration circuits with asingle
loading dose, rather than theloading dosefollowed
by continuousinfusion that is conventionally used.

Studies previously reviewed in Drugs'3 showed
consistent equivalent clinical efficacy of dalteparin
and UFH in patients undergoing haemodialysis or
haemofiltration.[22113-117] |n gl| studies, both types
of heparin were administered asan initial bolus dose
followed by continuous infusion (either intrave-
nously or into the arterial side of the dialyser); ini-
tial doses of dalteparin typically ranged from 2500
to 5000U in these studies; subsequent infusions
were administered at a fixed hourly rate, or were
adjusted on the basis of bodyweight or whole blood
activated clotting times. UFH was most commonly
given in these studies as an initial bolus of 2000 to
50001U, with subsequent infusion rates set in aman-
ner similar to dalteparin. Generally, small numbers
of patientswere evaluated, but numbersof dialysis
or filtration sessions assessed ranged from 20 to
over 10 000, and sessions of both under and over 4
hours' duration were assessed. Theefficacy of each
heparin was most commonly expressed in terms of
visual evidence of clot formation in the extracor-
poreal circuit, although the volume of occluded di-
alyser fibreswas used as an end-point in 1 study, 119
and levels of fibrinopeptide A (a physiological in-
dicator of coagulant activity) were measured in 2
Others_[llS,llﬁ]

Studies carried out since 1996 have continued
to show similar efficacy of dalteparin and UFH in
patients undergoing haemodialysis or haemofiltra-
tion,[118.119] gnd comparisons of dalteparin with other
LMWHSs (tinzaparin and nadroparin) have been un-
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dertaken.[120.121] Available details from thesetrials
are summarised in table 1.

I n pati ents undergoing haemodialysis, anticoag-
ulant efficacy assessmentswere based onthevisual
examination of extracorporeal circuits; there were
no significant differences between dalteparin and
tinzaparin or UFH in thisrespect in either of the 2
trials published since the last review.[119.120] There
wasa so no significant difference between dalteparin
and tinzaparin in the incidence of bleeding compli-
cations.[120 Single bolus treatment with dalteparin
was compared with continuousinfusion of UFH in
the other haemodialysis study.[*1% Mean venous
compression times at the end of each procedure
were not significantly different between heparins,
and clotting times (as measured by afactor Xa-spe-
cific method) were prolonged to a similar extent,
although the time spent on dialysis at each session
inthiscrossover study in 18 patientswas not stated.

In the haemofiltration study in which dalteparin
was compared with UFH,[118] g total of 82 filters
(41 in each group), of which 45 were withdrawn
from use before failure due to blood clotting, were
availablefor analysis. Therewasno significant dif-
ference between the dalteparin or UFH groupsintime
to failure of the haemofilter. Mean timesto failure
were 51.7 hours for UFH and 46.8 hours for dalte-
parin; corresponding median times were 44.3 and
63.0 hours. Therewere also no significant differences
between groups in reduction in platelet counts or
incidence of bleeding complications.

Similarly, filter survival timeswere similar with
dalteparin and nadroparin in the study in which
these 2 LMWHswere compared.[*21] Intheintention-
to-treat analysisin 32 patients, 16 patients had fil-
ter survival times of more than 18 hoursand 16 had
filter survival times below 18 hours during thefirst
course of haemofiltration. Therewasno correlation
between the order of drug administration and filter
survival time, and no thromboembolic or major
bleeding complications were observed during the
study.

Preliminary datafrom Germany!3334 show ben-
efit of dalteparin treatment in terms of effects on
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Table Ill. Summary of comparative studies of dalteparin (D) in patients (pts) undergoing haemodialysis (HD) or haemofiltration (HF).
Treatments were assessed primarily on the basis of their efficacy in the prevention of clotting of blood in extracorporeal circuits in pts receiving
HD and in terms of time to failure of haemofilters in pts on HF

Reference Pt characteristics Study design Heparin regimens Relative overall
efficacy
no. details of dialysis or filtration
evaluated sessions
Beijering et 159 40 HD sessions/pt r, sh, mc D (mean dose 5546 D=Tz
al.l'20 (abstract) U/session; range 1875
12 913V)
TZ (mean dose 5024
Ulsession; range
700-1200U)
de Pontetal.?4 32 HF: flow rate of 200 ml/min  r, db, co D 2000U bolus, then 320 D=N
and ultrafiltrate volume 100 u/h
L/24h. Time on HF not
stated
N 2050U bolus, then 328
U/h
Kwon et al.[119] 18 HD; D used for 2mo for nb; co D single bolus; mean dose D = UFH
(abstract) consecutive sessions, then 2552 U/session
UFH for a further 2mo in all
pts
UFH CI; mean dose 3174
U/session
Reeves etal'8 25 Manual and automatic HF  r, pg D 20 U/kg bolus, then 10 D =UFH
systems used, both with Ulkg/h ClI

circuit blood flow 120
ml/min. Mean total time on
HF = 56h for D and 63h for
UFH

22

UFH 2000-50001U bolus,
then 500-2000 IU/h to
maintain aPTT at 60-80 sec

aPTT = activated partial thromboplastin time; Cl = continuous infusion; co = crossover; db = double-blind; mc = multicentre; N = nadroparin;
nb = nonblind; pg = parallel groups; r = randomised; sb = single-blind; TZ = tinzaparin; UFH = unfractionated heparin; = indicates equivalent

overall efficacy.

blood lipid profiles in patients on haemodialysis.
These results are reviewed in section 1.

2.6 Use in Ischaemic Stroke

The levels of mortality and morbidity associ-
ated with ischaemic stroke are considerable; ap-
proximately 25% of individualsaffected diewithin
a month of the event, and 6-month mortality is
around 50%.[122] Of patients who survive beyond
6 months, only half remain capabl e of independent
living.[22 The management of ischaemic stroke
has until recently involved largely supportive
measures, but increased understanding of the dis-
order and the development of novel therapies such
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as thrombolytic drugs and LMWHSs has led to in-
creased interest in active intervention. In addition,
long term aspirin therapy hasbeen shownto beuseful
in patients at high risk of occlusive vascular dis-
ease (including those with a history of stroke).[123]

At thetime of the last review in Drugs,¥! asingle
double-blind comparison with placebo had been
carried out in 60 patients in the acute phase of is-
chaemic stroke.[17] Although dalteparin 2500U twice
daily for 14 days reduced the incidence of DVT
relative to placebo (20 vs 50%; p = 0.05), there was
no statistically significant difference between groups
in the incidences of death (cerebral or all causes)
or cerebral haemorrhage. Predominantly elderly pa-
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tients were enrolled in this study (78% aged over 70
years), and none were receiving aspirin (patients us-
ing anticoagulant therapy other than dalteparin were
excludedfromthistrial). Patientswererequired to start
treatment within 72 hours of onset of symptoms.

Since that time, a much larger double-blind
placebo-controlled study in which dalteparin 100
U/kgtwicedaily wascompared with aspirin 160mg
(oraly or rectaly) daily in 449 patients with atrial
fibrillation and ischaemic stroke has been publish-
ed [the Heparin in Acute Embolic Stroke Trial
(HAEST)].[*24] |t should be noted that patients re-
ceiving oral anticoagulants were excluded from
thistrial. Therewereno statistically significant dif-
ferences between groups in the primary end-point
of recurrent ischaemic stroke over 14 daysor inany
of the secondary end-points (detailed in table V).
Neurological outcomes as measured by Scandina-
vian Stroke, modified Rankin, Barthel and Interna-
tional Stroke Trial (IST) scales over 14 days were
similar between groups. In addition, the IST scale,
which measurestreatment effectsin terms of death
or levels of recovery and independence, showed
similar outcomes in each treatment group after 3
months. The median age of the patientsin thistrial
was 80 years, and randomisation was required
within 30 hours of onset of stroke. The median du-
ration of treatment was 13 days.

3. Pharmacoeconomic Considerations

LMWHSs have higher acquisition coststhan UFH,
which makes their use superficially unattractivein

purchasetermsto healthcare providersand third party
payers. However, economic analyses published in
recent years have shown potential cost advantages
related to clinical efficacy, ease of administration
and the elimination of the need for laboratory mon-
itoring with LMWHSs.[125] Furthermore, data are
available to show greater cost effectiveness of
LMWH than UFH in patients requiring surgical
thromboprophylaxis if the costs associated with
failed prophylaxis are considered.[125]

Themajority of pharmacoeconomic analyses of
dalteparin have been carried out in patients requir-
ing treatment for established thromboembolic dis-
ease, with an emphasison the advantagesto heal th-
care providersof homerather than hospital treatment.
These analyses, 3 of which were attached to clini-
cal studies reviewed in section 2.3.1,[8386.91] con-
sidered costs associated with treatment only from
an institutional perspective. Indirect and societal
costs and cost effectiveness in terms of quality of
life or years of life gained have not been assessed
to date, although cost effectivenessin terms of epi-
sodes of DVT avoided has been calculated in 1
study.[128] Dalteparin was administered subcutane-
ously in all studies discussed in this section.

3.1 Treatment of Established
Thromboembolism

In one of the studies reviewed in section
2.3.1,[83] mean hospital and treatment costs were
calculated for 434 patients who received home
treatment for established DV T with dalteparin 200

Table IV. Comparison of dalteparin (D) with aspirin therapy after ischaemic stroke in patients (pts) with atrial fibrillation?. Details and results
from the Heparin in Acute Embolic Stroke Trial (HAEST).[*?4l Pts were randomised to treatment in a double-blind manner within 30 hours of

stroke

No. of pts Treatment Primary end-point Secondary end-points
recurrence of death within 14 ~ symptomatic cerebral progression of
ischaemic stroke within  days (% of pts) haemorrhage within 14  symptoms within 48h
14 days (% of pts) days (% of pts) (% of pts)

224 D 100 U/kg bid SC + PL 8.5 9.4° 2.7 10.7

od PO or PR x 14 days
225 ASP 160mg od POorPR 7.5 7.1° 1.8 7.6

+ PL bid SC x 14 days

a Confirmed by ECG.
b Causes of death were distributed evenly between groups.

bid = twice daily; od = once daily; PL = placebo; PO = orally; PR = rectally; SC = subcutaneously.

0 Adis International Limited. All rights reserved.
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U/kg once daily for at least 4 days, with long term
warfarin therapy being initiated from day 1. Home
treatment was used for at | east part of the treatment
period in 80.2% of participants. Retrospective
comparison with medical costs estimated for con-
ventional inpatient treatment with dalteparin showed
areductionindirect cost per patient of 34.5% when
theinitial treatment was given on an outpatient ba-
sis. Costs were expressed in Swedish Kronor for
the year 1996 and included staffing, premises,
overheads, laboratory and diagnostic tests and
drugs, and outpatient clinic costs.

Similarly, an Australian group showed an esti-
mated overall per-patient cost saving of $A1239
(year of costing not stated) when 100 patients re-
ceived dalteparin 200 U/kg once daily for at least
5 days as outpatients rather than as inpatients for
the initial treatment of DV T.[88] Costs considered
included full-time—equivalent nursing and medical
staffing costs, on-call time, drugs, laboratory and
diagnogtic tests, and administrative costs associated
with the home care programme.

Preliminary data from a retrospective analysis
of 126 patient records in which standardised costs
[in Canadian dollars ($Can) for 1996] were at-
tached to hospital resource utilisation suggested
annual institutional savings per 100 patients of
$Can143 910 and $Can63 960 in community and
teaching hospital settings, respectively, when
dalteparin was used instead of UFH for the initial
treatment of DVT (routes of administration not
stated).[127]

A Spanish cost-minimisation study based on
meta-analytical data showing therapeutic equiva-
lence of subcutaneous dalteparin and continuous
infusion of UFH indicated a 38% cost reduction
when the former is used in the initial treatment of
DVT.[128] Egtimated hospital costs associated with
dalteparin 200 U/kg/day or UFH 50001 U bolusfol -
lowed by aPTT-adjusted infusion were applied in
thisanalysis, and showed acost per patient [in pesetas
(Pta) for 1995-1996] of Pta7200 for dalteparin and
Ptall 591 for UFH.

Results of abriefly reported cost analysis from
the UK suggested that 3-month treatment with

0 Adis International Limited. All rights reserved.

dalteparin 5000U once daily cost £900 less per pa-
tient (year of costing not stated) than conventional
laboratory-adjusted warfarin therapy in 105 pa-
tientswho presented with acute DV T.[%Y Few details
were given in this analysis of direct medical costs
in which fixed costs were assigned to in- and out-
patient care, procedures, investigations, consumables
and staffing.

3.2 Surgical Thromboprophylaxis

Dalteparin has been compared in 2 pharmaco-
economic assessments with warfarinl126.129] jn pa-
tients receiving thromboprophylaxis after total hip
arthroplasty.

One of these analysed?® was based on the re-
sults of aclinical study in 382 evaluable patients
that was reported in section 2.1.1 and table | in
which dalteparin 5000U once daily for a mean 7
days was compared with |aboratory-adjusted war-
farin.[5 The economic analysis, carried out from
a hospital perspective, was based on clinical data
from case report forms and financial datafrom the
participating institutions. The primary method for
determining treatment costs was based on standard
costs of treatment ‘activities' assigned to prede-
fined outcome categories; a secondary method in-
volved the calculation of the average cost per pa-
tient from the average length of hospital stay in
each treatment group and a standard daily cost for
total hip arthroplasty. Calculation of weighted
average costs per patient for the inpatient stay and
follow-up periods and average lengths of hospital
stay resulted in average cost effectiveness ratios for
dalteparin and warfarin, respectively, of $US10 925
and $US12 631 per event-free patient under the
primary scenario. Corresponding ratios under the
secondary scenario were $US13 517 and $US14
575. Theseresultsreflected the significantly lower
rate of DVT in the dalteparin than in the warfarin
group during hospitalisation in the clinical study
(14.6 vs 25.8%; p = 0.006) [table I]. Incremental
cost effectiveness of dalteparin (i.e. the additional
cost of dalteparin for each additional event-free pa-
tient, a key parameter in policy decision making)
was $US375 and $US6509 under the primary and
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secondary scenarios, respectively. Sensitivity anal-
ysisindicated the findings to be robust.

Preliminary results of a double-blind, placebo-
controlled multicentre study carried out in the US
and Canada have shown cost effectiveness from a
hospital perspective of dalteparin relative to war-
farin in patients receiving long term surgical
thromboprophylaxis.[1261 Of 1130 patientsrandom-
ised to dalteparin treatment starting before or after
surgery or to warfarin therapy, 625 proceeded after
amean 6 days to prophylaxis for a mean 35 days.
Cost calculations (year of costing not stated) were
based primarily on medical interventions associ-
ated with thromboembolic complications and the
length of hospital stay. Overall costs per patient
were similar under al 6 treatment scenarios [short
or long term prophylaxis with dalteparin (started
before or after surgery) or warfarin], but a statisti-
cally higher incidence of suspected DVT in pa-
tients receiving warfarin than in dalteparin recipi-
ents resulted in incremental cost effectiveness of
dalteparin of between $US1799 and $US4661 per
patient.

3.3 Management of Coronary
Artery Disease

As reviewed in section 2.4, there has been in-
tenseinterest in recent yearsin the management with
heparin of patients with CAD. Of particular inter-
est in the light of these continuing research efforts
isan analysiscarried out in Canadathat showed sm-
ilarity of costs from a hospital perspective of UFH
and dalteparin therapy.[*3% | n this 9-week prospec-
tivetime and motion study, direct medical costs(in
1998 $Can) were calculated for 116 consecutive
patients receiving continuous aPT T-adjusted UFH
infusions, of whom 77% had unstable CAD and
23% acute M 1. Costs analysed included those asso-
ciated with nursing-rel ated activities (at apredeter-
mined rate of $Can25/hour), and laboratory, sup-
ply, drug and equipment costs. The mean total daily
cost of UFH therapy ($Can25.68/patient) included
avariety of contributing elements, including estab-
lishment of intravenous access, preparation of
doses and maintenance of drip lines, adjustment of

0 Adis International Limited. All rights reserved.

infusion rates, and costs associated with aPTT
monitoring. A projected cost of dalteparin therapy
was calculated on the basis of an acquisition cost
of $Can0.0015 per unit and a dosage of 120 U/kg
twice daily. The mean total daily cost based on an
average patient bodyweight of 74kg was $Can28.82,
whichincluded anursing and syringe cost of $Can2.26.
There were no other costs associated with dalteparin

therapy.

4. Tolerability

Haemorrhage is the adverse effect of greatest
concern with anticoagulant therapy. Accordingly,
many clinical trials carried out with dalteparin in-
clude information on bleeding complications re-
ported during treatment and follow-up, although
datafrom large scale postmarketing studiesremain
unavailable.

The extensiverange of clinical studiesreviewed
in Drugs in 19963 showed no significant differ-
ence overall in rates of bleeding complications
(perioperative blood loss and transfusion require-
ments and major and minor haemorrhage) between
dalteparin and UFH in surgical patients requiring
thromboprophylaxis and in individuals receiving
treatment for established thromboembolic disease.
More recent studies have continued to show no
conclusivetrends. Collated datafrom studiesin pa-
tients receiving dalteparin 2500 or 5000U or UFH
10 000IU daily for thromboprophylaxisin abdom-
inal surgery show rates of haemorrhagic complica-
tions to be similar for either heparin, with a ten-
dency towards higher frequencies with increased
dosages of dalteparin (fig. 6).[131

Increased frequencies of bleeding complications
relative to placebo were reported with long term
(up to 3 months) dalteparin in studies in patients
with unstable CAD and with acutetreatment for M1
(sections 2.4.1 and 2.4.2). After 3 months' treatment
in the FRISC |1 study, major haemorrhage was re-
ported in 3.3% of 1049 dalteparin recipients and
1.5% of 1056 patients who received placebo.[103]
Corresponding incidences of minor bleeding were
23 and 8.4%. In 1 study in patients with acute MI,
major haemorrhage was reported in 2.9% of 388
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Fig. 6. Incidence of haemorrhagic adverse events in surgical
patients receiving thromboprophylactic dalteparin (D) or un-
fractionated heparin (UFH). Collated results are presented from
studies in which D 2500 or 5000U once daily was compared with
UFH 5000 IU twice daily.[*311 The numbers of patients evaluated
for each event are shown above the bars.

evaluable patients who received dalteparin 150
U/kg twicedaily and in 0.3% of 388 placebo recip-
ients (p = 0.006).[119

Ddlteparin hasbeen well tolerated, with no excess
incidence of bleeding complications relative to pla-
cebo, in patients undergoing orthopaedic surgery
with extended (35-day) thromboprophylaxis,[53-5%
and there have been no reports of clinically signif-
icant haemorrhagic complications attributed to the
drug in pregnant women.[62-65 Anti-factor Xa ac-
tivity dataobtained 3 to 4 hours after subcutaneous
injection of dalteparin 2500 or 5000U in nursing
women have indicated that the drug is not trans-

0 Adis International Limited. All rights reserved.

ferred into breast milk to any clinically significant
extent.[132]

Drug-induced osteopenia is of particular rele-
vance in pregnant women because of the physio-
logical changesin calcium and bone homeostasisin-
duced by pregnancy. Previously reviewed datal133l
indicated that dalteparin may affect bone density
to asmaller extent than UFH, and subsequent stud-
ies of bone metabolism and mineral content in rats
have shown weaker suppression of bone formation
with dalteparin than with UFH.[134 |n one of the
studiesin pregnant women reported in section 2.2,[62
1 osteoporotic fracture was reported after delivery
in a patient who had received a high dosage of
dalteparin (15 000U daily) for most of a 36-week
treatment period.[62 This patient had no other risk
factors for osteoporosis.

The precise incidence of thrombocytopenia (a
rare but potentially fatal complication of heparin
therapy) associ ated with dalteparinisnot known, ¥
but has been reported to be lessthan 1% in patients
receiving the drug for thromboprophylaxis.[*31
Ddlteparin has been shown to react with plasmafrom
patients susceptible to heparin-induced thrombo-
cytopenia (HIT) who possess UFH-associated an-
tiplatel et antibodies, although the drug did not cause
platelet aggregation in all cases.[!35139 | MWHSs
are not generally recommended in patients with
established HIT because of high levels of cross-
reactivity with antibodies generated during expo-
sureto UFH,[249] glthough it has been suggested that
in vitro cross-reactivity testing might be used to
select patients with UFH-associated HIT in whom
LMWH therapy might be possible.[141]

5. Dosage and Administration

Dalteparin is presented in single-dose syringes
for subcutaneous use in thromboprophylaxis and
in vials and ampoules for intravenous or subcuta-
neous use in avariety of indications.

Since the publication of the last review,[3 there
has been an increase in the number of indications
for dalteparin, and dosage regimens (most of which
are from the UK) are summarised in detail in table
V. Briefly, patients at moderate risk of venous
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Table V. Dosages of dalteparin as recommended by UK and US

authorities!®:6:142.143]

Indication Dosage (subcutaneous
administration unless stated
otherwise)

Surgical 2500U 1-2h before surgery and od

thromboprophylaxis in
patients at moderate risk
(e.g. in general surgery)
Surgical
thromboprophylaxis in
patients at high risk (e.g. in
orthopaedic surgery)

Prolonged
thromboprophylaxis after
hip replacement surgery
Treatment of established
thromboembolism

Prevention of clotting
during haemodialysis or
haemofiltration

Unstable coronary artery
disease

thereafter x 5-10 days!>143

2500U 1-2h before surgery and
8-12h later, then 5000U od x 5-7
days.[*43] Alternatively 5000U on
evening before, then 5000U od x
5-10 days!®

5000U on evening before surgery,
then 5000U od x 5wks[*43]

200 U/kg (<18 000U) od or 100
U/kg bid x =5 days, with
simultaneous commencement of
long term oral anticoagulation(®-142
Duration 24h: 30-40 U/kg IV
bolus, then 10-15 U/kg/h ClI.
Duration <4h: as above, or single
5000U IV bolus!®!

120 U/kg (<10 000U) every 12h x
5-8 days with concomitant aspirin

therapy!®
bid = twice daily; CI = continuous infusion; IV = intravenous; od
= once daily.

thromboembolism after surgery should receivedal -
teparin subcutaneously at a dosage of 2500U once
daily; patients at high risk should receive 5000U
oncedaily. A dosage of 200 U/kg oncedaily or 100
U/kg twice daily is recommended for the initia
treatment of established thromboembolic disease,
and 120 U/kg every 12 hoursin addition to aspirin
is indicated for patients with unstable CAD. An
intravenous weight-adjusted bolus followed by
continuous infusion isindicated for haemodialysis
or haemofiltration procedures lasting 4 hours or
more. Singleintravenous boluses of 5000U may be
suitable for procedures of less than 4 hours' dura-
tion.

The abdomen or the lateral portion of the thigh
arethe preferred sitesfor subcutaneous administra-
tion. Patients should be supine, and the needle should
be introduced vertically into a skin fold held be-
tween the thumb and forefinger until after the needle
is withdrawn.[5142

0 Adis International Limited. All rights reserved.

Laboratory monitoring of therapy is not neces-
sary in most indications. However, in patients un-
dergoing long or short term haemodialysis or hae-
mofiltration, plasma anti-factor Xa activities should
be between 500 and 1000 U/L. In acute renal failure,
or in chronic renal failure with high risk of bleed-
ing, an initia intravenous bolus of 5 to 10 U/kg
should befollowed by infusion of 4to 5 U/kg/hour.
Plasma anti-factor Xa activities should be held at
200 to 400 U/L.[8

Twice-daily subcutaneous administration of
100 U/kg can be used in patients at high risk of
bleeding complications who require treatment for
established thromboembolic disease (table V). Mon-
itoring of treatment is generally not necessary, but
can be carried out with an anti-factor Xa assay if
required to maintain an activity in plasma of be-
tween 500 and 1000 U/L .16

When using dalteparin for surgical thrombopro-
phylaxis or for the treatment of established throm-
boembolic disease, caution is recommended in pa-
tientswith severe hepatic or rend insufficiency.[56:131
Patients with severely disturbed hepatic function
may reguire dosage reductions and should be mon-
itored accordingly.

6. Place of Dalteparin in
Thromboprophylaxis and
the Management of
Thromboembolic Disease

Data available at the time of the last review in-
dicated dalteparin given subcutaneously oncedaily
to be at least as effective as UFH given 2 to 3times
daily asthromboprophylaxisin surgical patients at
moderate to high risk of DVT. More recent studies
have continued to show this trend, with an empha-
sison 5000U doses of dalteparin. Once-daily dalte-
parin has also been shown in recent trials to be
more effective in the prevention of DVT than lab-
oratory-monitored adjusted-dosage warfarin in pa-
tients undergoing orthopaedic surgery (section
2.1.1). These studies covered both long and short
term prophylaxis periods, and full details from
those available currently in preliminary form only
are awaited with interest.
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It should be noted here that superiority of
dalteparin in patients requiring thromboprophylaxis
has generally been expressed in terms of reductions
in incidence of venographically detected DVT.
However, the acceptability and consistency of in-
terpretation of surrogate end-points have been
called into question,244.145] and it may be argued
that such results are not asrelevant as clinical end-
points such as symptomatic DVT, PE and death.[14€]
In addition, it is important to ensure in compari-
sonswithwarfarinthat target INRsare appropriate,
and that they are reached and maintained in pa-
tients receiving oral anticoagulation.

Published studies that compare dalteparin with
other LMWHSs in patients requiring thrombopro-
phylaxis remain few and inconclusive (section
2.1.2). Further studiesinvolving larger numbers of
patients than have been assessed to date are required
to shed more light on thisissue.

The global trend towards early transfer after sur-
gery of patientsfrom hospital tothe community has
given urgency to the need for definitive and uni-
versally accepted recommendati ons on the optimum
duration of thromboprophylaxis.['471 The once-
daily administration regimens of LMWHSs, with
their lack of need for laboratory monitoring, makes
these agents potentially suitable for outpatient use,
and the feasibility of this approach has been dem-
onstrated in a number of recent studies in patients
receiving either surgical prophylaxis or treatment
for established thromboembolic disease.[148-151]
Resultsreviewed in section 2.1.1 indicatethat long
term thromboprophylaxis with dalteparin (ex-
tended for around 1 month on an outpatient basis)
ismore effectivethan conventional 5- to 7-day pro-
phylaxis.

At thetimeof thelast review,[3 dalteparin given
subcutaneously once or twice daily or by intrave-
nous infusion had been shown to be of similar ef-
ficacy to intravenoudly infused aPT T-adjusted UFH
in the acute management of established DVT. More
recent data (section 2.3) also show equival ence of the
2 therapies, with upto 14 years’ follow-up showing
no differencein eventual clinical outcomes. In ad-
dition, home treatment with dalteparin for 3 months

0 Adis International Limited. All rights reserved.

appears on the basis of current datato be of similar
efficacy to adjusted-dosage warfarin therapy (sec-
tion 2.3.1). Theseresultsindicate that dalteparinis
likely to be an effective and practical alternativeto
warfarin, particularly in the management of pa-
tients who cannot tolerate coumarin anticoagulants.
It has also been suggested that combined therapy
with LMWH and warfariniswarranted in patients
in whom warfarin therapy alone is likely to fail,
although this requires further study.[152

A lack of data from controlled trials to show
conclusive evidence of benefit with acceptabletol -
erability in pregnancy precludes any firm recom-
mendations on the use of LMWHSs in this setting.
However, reports to date (section 2.2) suggest that
dalteparin is effective, with no adverse effects on
pregnancy outcomes or excess haemorrhagic com-
plications, in pregnant women at high risk of
thromboembolic disease. The authors of acompre-
hensivereview of datafrom alarge number of clin-
ical studies have recently concluded that frequen-
cies of maternal complications and adverse fetal
outcomesin women receiving LMWHsare similar
to those seen in general populations of pregnant
women.!153 Further studies are needed to provide
more information on the use of dalteparin in these
patients, particularly with reference to the use of
anti-factor Xa activity-adjusted versus standard
dosages and the identification of any advantage
over UFH in terms of antithrombotic efficacy and
rates of HIT and osteoporosis.[154

Subcutaneous dalteparin has been shown con-
sistently in major clinical studies to be effective
when used in addition to aspirin therapy in the
acute management of patients with unstable CAD
(section 2.4.1). The first FRISC study indicated
benefit after 40 days' continued treatment in non-
smoking and nonobese patients, although it should
be noted that subgroup analyses (which are subject
to limitation in terms of statistical power) were
used to obtain these results.[192 Evidence is avail -
able from the more recent FRISC 1 study to sug-
gest benefit of dalteparin when continued for 3
months in patients with unstable CAD.[193] Sub-
sequent findings have suggested a link between
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long term benefit of dalteparin and the presence of
high plasmalevels of the cardiac marker troponin-
T.1204 Qverall, further research is needed to quan-
tify the benefit of dalteparin treatment (in addition
to aspirin) when continued beyond 1 month in pa-
tients with unstable CAD.

The management of CAD isarapidly evolving
field, and efforts are ongoing to refine acute and
long term treatment strategies and to tailor therapy
to patients on the basis of risk stratification.[15%
Although further studies are required to determine
whether subcutaneous dalteparin has advantages
over intravenously infused UFH in terms of effi-
cacy, this LMWH nevertheless appears to be an
easily administered alternative that is likely to be
of particular value where therapy is continued be-
yond theinitial period of hospitalisation in patients
with unstable angina or non-Q-wave M.

Recent treatment guidelines strongly recom-
mend the use of anticoagulant therapy (in addition
toaspirin) in patientswith acute M1, whether or not
they are eligible for thrombolytic treatment.[25¢]
Such anticoagulation has traditionally taken the
form of intravenous UFH (bolus followed by
aPTT-adjusted infusion), with low-dosage subcu-
taneous therapy being suitable for some patients.
Early studies (section 2.4.2) indicate that dalte-
parin is a viable alternative in the management of
acute M1, but comparative studies are currently not
available. Further data are required to clarify the
place of the drug in the management of this condi-
tion.

Studies continue to show that dalteparin is of
equivalent efficacy to UFH in the maintenance of
patency of haemodialysis circuits, although recent
data show that it is possible to manage some pa-
tientswith asingle dose of dalteparin, administered
intravenously at the start of each session (section
2.5). Further studies are needed to evaluate fully
the potential of thisapproach. The use of dalteparin
in patients undergoing haemodialysishasalso been
associated with improvements relative to UFH in
blood lipid profiles over periods of up to 5 years
(section 1.2); whether these improvements trans-
late into better long term clinical outcomes (e.g. in

0 Adis International Limited. All rights reserved.

terms of cardiovascular events) remainsto beclar-
ified.

A rolefor dalteparin in the management of acute
ischaemic stroke has not been demonstrated. The
most reliable data availablel'?4 (section 2.6), which
show no advantage of the drug over aspirin, have
been obtained in patients with atrial fibrillation,
which isthought to account for some 20% of isch-
aemic strokes.[157]

The ease of administration of dalteparin and the
lack of need for laboratory monitoring that is re-
quired for therapeutic regimensof UFH or warfarin
have led not only to increasing experimentation
with long term treatment and therapy in the home
setting, but have also generated much interest in
economic benefits that might accrue from the use
of the drug. Cost analyses carried out from a hos-
pital perspective have indicated that cost savings
are indeed achieved when acute episodes of throm-
boembolism are managed on an outpatient basis
rather than in hospital. In addition, costs are re-
duced when dalteparin is used in place of UFH in
acute management or warfarin in long term (3-
month) treatment (section 3.1). Cost effectiveness
of dalteparin has been shown in patients requiring
surgical thromboprophylaxis after total hip arthro-
plasty (section 3.2). Dalteparin also appears on the
basis of 1 Canadian study to be no more expensive
overall than UFH when used in patientswith CAD
(section 3.3).

These findings support the use of dalteparinin
place of UFH or warfarin from a pharmacoecono-
mic viewpoint, but it should be noted that some
current data are based on retrospective compari-
sons or on the assignment of monetary values to
previously obtained clinical trial data, and well de-
signed prospective pharmacoeconomic studies are
now required to confirm these findings. In addi-
tion, the indirect and societal cost implications of
dalteparin treatment or prophylaxis are not yet
known, and effectson quality of life of thedifferent
treatment options have not been compared. Future
analyses need also to account for the effects of the
shifting of costs from hospitals to the community
when outpatient management is adopted.
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As discussed in section 4, haemorrhagic com-
plicationswith dalteparin areinfrequent and are no
more prevalent than with UFH in patients receiv-
ing treatment for established thromboembolic dis-
ease or thromboprophylaxis, or in patients under-
going haemodialysisor haemofiltration. Datafrom
patients receiving dalteparin for up to 3 monthsfor
the management of unstable CAD have shown
some trends towards increased haemorrhage rela-
tive to placebo, and increased major bleeding has
been reported with dalteparin in acomparison with
placebo in patients with acute M.

In conclusion, dalteparin is effective and well
tolerated when given subcutaneously once daily in
the prophylaxis and treatment of thromboembolic
disease. The simplicity of the administration regi-
mens used and the lack of necessity for laboratory
monitoring of therapy facilitate home or outpatient
treatment and appear to translate into cost advan-
tagesfrom ahospital perspectiveover UFH or war-
farin. Dalteparin also maintains the patency of
haemodialysis and haemofiltration circuits, with
beneficial effects on blood lipid profiles and the
potential for prophylaxis with asingle bolusinjec-
tion in some patients. Data are also accumulating
to show dalteparin to be an effective and easily
administered alternative to UFH in patients with
CAD.
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