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Abstract t 

Low-molecular-weightt heparin compounds are used in the treatment of patients with 

venouss thromboembolism for approximately 15 years. Ever since the introduction, 

theree has been a discussion about whether low-molecular-weight heparin compounds 

differr in their efficacy and safety. The best answer is given by direct comparison of 

differentt low-molecular-weight heparin preparations, however, these trials have not 

beenn conducted. Classical meta-analysis has its limitations for such a comparison since 

onlyy a very small number of trials with the respective low-molecular-weight heparin 

compoundss are available. The objective of the present analysis has been to use meta-

regressionn in addition to classical meta-analysis to compare the efficacy and safety of 

differentt low-molecular-weight heparin compounds in the initial treatment of patients 

withh venous thromboembolism. We used computerized literature searches to identify 

studiess that compared dose-adjusted unfractionated heparin treatment with fixed dose 

subcutaneouss low-molecular-weight heparin treatment in patients with established 

venouss thromboembolism. The individual odds ratio's of the studies were plotted 

againstt the absolute percentage of the major outcomes in the unfractionated heparin 

controll  group. Linear regression was used to find differences between different low-

molecular-weightt heparin compounds. There appears to be some variation in efficacy 

andd safety among the currently available low-molecular-weight heparin preparations. 

Introductio n n 

Anticoagulationn has been the treatment of choice for patients with venous 

thromboembolismm (VTE), since the landmark study by Barritt and Jordan, in 1960, 

whichh evaluated treatment with heparin and Coumadin versus no therapy. 19 The initial 

treatmentt of VTE should consist of at least five to seven days intravenous 

unfractionatedd heparin (UFH),20-22 followed by a course of vitamin K antagonists, 

withh a dose adjusted to achieve an International Normalized Ratio between 2.0 and 3.0 

forr at least three months, to prevent recurrent VTE.23 Unfractionated heparin is 

producedd from porcine or bovine intestines, and is a glycosaminoglycan consisting of 

chainss of alternating residues of D-glucosamine and uronic acid, either glucuronic acid 

orr iduronic acid.24 Unfractionated heparin is a heterogeneous mixture of 
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polysaccharidee chains ranging in molecular weight from 3,000 to 30,000. The 

anticoagulantt effect of unfractionated heparin is largely accounted for by a unique 

pentasaccharidee sequence. Any heparin chain containing this sequence can bind 

antithrombinn (AT), which will produce a conformational change of AT, that facilitates 

bindingg to factor Xa. To inactivate thrombin, heparin has to form a ternary complex by 

bindingg both AT and thrombin. In order to do this the pentasaccharide containing 

heparinn chain must be at least 18 saccharide units long. In the unfractionated heparin 

mixturee most chains have this length. Therefore, the anti-thrombin and anti-factor Xa 

activityy are equivalent. 

Despitee the fact that convincing evidence has been collected that UFH treatment is 

necessaryy in the initial treatment of VTE,20 some disadvantages have hampered its 

clinicall  use.25 The pharmacokinetic disadvantages of UFH are mainly caused by the 

nonspecificc binding of heparin to plasma-proteins and cells.26 This results in an 

unpredictablee bioavailability, marked variability in the anticoagulant response, and a 

relativee short half-life. Therefore, in order to treat a patient safely and effectively with 

UFH,, regular laboratory measurements of the aPTT are necessary to adjust the dose. 

Thee biological limitations of UFH are bleeding, thrombocytopenia, and osteoporosis. 

Thesee disadvantages of UFH have prompted research aimed at finding alternatives for 

UFHH in the initial treatment of VTE. 

Inn recent years, low-molecular-weight heparin (LMWH) has emerged as a new 

modalityy in the treatment of VTE and has been shown to be an effective and safe 

alternativee for the initial treatment of patients with VTE. This has been established in 

numerouss randomized trials and subsequent meta-analyses.27 These compounds have 

thee advantage of subcutaneous administration and do not require laboratory monitoring, 

sincee the bioavailability is almost 100%. Furthermore, use of LMWH is less frequently 

complicatedd by thrombocytopeniâ and osteoporosis. 29,30 than use of 

unfractionatedd heparin. 

Low-molecular-weightt heparin compounds are fragments of unfractionated heparin. 

Thee difference between UFH and LMWH is the affinity for thrombin. The LMWH 

compoundss have a lower number of chains longer than 18 saccharide units. This results 

inn a ratio of anti-factor Xa to anti-thrombin activity for low-molecular-weight heparin 

compoundss in favor of Xa inhibition, whereas, unfractionated heparin has equal activity 

againstt Xa and thrombin. LMWH compounds are produced by different procedures e.g. 
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controlledd enzymatic or chemical depolymerization processes.'2 This results in chains 

off  heparin with a mean molecular weight of 5,000. Consequently, not all low-

molecular-weightt heparin compounds have the same pharmacokinetic properties and 

ratioo for the activity against Xa and thrombin. In theory, this may, result in clinically 

significantt differences in safety and efficacy of different LMWH compounds in the 

treatmentt of patients with VTE. When discussing the effects of LMWH compounds, 

thiss issue always arises. The technique used sofar to address this question has been the 

classicall  Mantel-Haenszel meta-analysis, with summarizing the data either for all 

LMW HH compounds together or by product group.31 Clearly, the question would be 

bestt answered by direct comparisons of LMWH compounds. However, such studies 

havee not been conducted sofar. Therefore, we first analyzed the relative effects of the 

differentt LMWH' s on mortality, recurrent VTE, and bleeding, by using meta-

regression,, and subsequently contrasted each specific LMWH preparation with all other 

compounds.. This technique allows corrections for the influence of the quality of the 

comparativee UFH treatment arms, which may differ from study to study. 

Methods s 

DataData selection 

Computerizedd literature searches were performed in EMABSE, MEDLINE, and 

CURRENTT CONTENT databases to identify publications that might describe 

randomizedd clinical trials comparing fixed-dose subcutaneous LMWH and dose 

adjustedd UFH. Furthermore, we contacted authors of studies that were only available in 

abstractt form. Finally, we checked references of recently published meta-analyses. 

StudyStudy selection and outcomes 

Twoo independent reviewers analyzed all identified papers that possibly fulfilled our 

predefinedd inclusion criteria and discrepancies were resolved by consensus. Studies 

weree potentially eligible if they described: 1) Initial treatment of patients with 

objectivelyy confirmed venous thromboembolism (deep venous thrombosis and/or 

pulmonaryy embolism); 2) Patients were randomly allocated to either treatment with 

dose-adjustedd UFH (s.c. or i.v.) or fixed-dose subcutaneous LMWH; 3) Data on at least 

onee of the following major outcomes, as a measure of efficacy the rate of symptomatic 
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andd objectively confirmed recurrent VTE during 3 months of follow-up, as a measure 

off  safety the rate of major hemorrhage during the initial treatment period, and the 

mortalityy rate in the first three months after the initial episode of VTE. Dose-finding 

studies,, duplicate publications, publications from which it was not possible to extract 

thee clinical data, were excluded from the analysis. Furthermore, studies evaluating non-

therapeuticc doses of either UFH or LMWH were excluded. 

StatisticalStatistical analysis 

Whenn a sufficient number of studies with adequate methodology and similar design 

weree available, a common effect estimate was obtained by comparing the incidences of 

efficacyy and safety outcomes between the two treatment groups. In such analyses the 

oddss ratios (OR) and the 95% confidence interval (CI) were calculated separately for 

eachh study. A pooled OR was calculated using the Peto meta-analysis. In order to find 

differencess between different LMWH compounds, meta-regression was used. For this 

purposee the log OR of an individual study (negative log OR indicating, a lower 

incidencee of the complications in patients treated with LMWH) was plotted against the 

incidencee in the UFH treated group for each major outcome.32 

Linearr regression was used to evaluate the influence of different variables on the 

observedd treatment effect, expressed as log OR. Explored variables include the 

incidencee of the outcome (as a measure of the standard UFH treatment 

quality/population),, percentage of cancer, type of LMWH (using a dummy variable to 

contrastt a single LMWH versus all others), and year of publication (using a cut off 

valuee of 1996). Regressions were weighted by the inverse of the variance. To evaluate 

relationshipp between efficacy and safety for the various LMWH preparations, the log 

ORR of bleeding and recurrent VTE were plotted. 

Results s 

IdentificationIdentification of trials 

Wee identified 39 publications that described original studies concerning the initial 

treatmentt of patients with venous thromboembolism and which compared s.c. LMWH 

withh i.v. or s.c. dose-adjusted UFH in a randomized fashion. Initial treatment lasted 5 to 

100 days in all studies and patients received thereafter at least three months of vitamin K 
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Studyy Year of Number of Dose Frequency Type of Molecular a-Xa to 

pulicationn patients LMWH weight a-IIa 

ratio o 

Faivre e 

Duroux x 

Hull l 

Lopaciuk k 

Prandoni i 

Simmoneau u 

Lindmarker r 

Fiessinger r 

Koopman n 

Levine e 

Loumanmaki i 

Columbus s 

Simmoneau u 

Decousus s 

Breddin n 

Harenberg g 

1988 8 

1991 1 

1992 2 

1992 2 

1992 2 

1993 3 

1994 4 

1996 6 

1996 6 

1996 6 

1996 6 

1997 7 

1997 7 

1998 8 

1999 9 

2000 0 

68 8 

166 6 

432 2 

146 6 

170 0 

134 4 

204 4 

253 3 

400 0 

500 0 

248 8 

1021 1 

612 2 

400 0 

749 9 

538 8 

aXaa U/kg 

156 6 

90 0 

175 5 

92 2 

95 5 

100 0 

200 0 

200 0 

92 2 

100 0 

200 0 

87.5 5 

175 5 

100 0 

87.5 5 

114 4 

od/bid d 

bid d 

bid d 

od d 

bid d 

bid d 

bid d 

od d 

od d 

bid d 

bid d 

od d 

bid d 

od d 

bid d 

bid d 

bid d 

CY222 2 

nadroparin n 

tinzaparin n 

nadroparin n 

nadroparin n 

enoxaparin n 

dalteparin n 

dalteparin n 

nadroparin n 

enoxaparin n 

dalteparin n 

reviparin n 

tinzaparin n 

enoxaparin n 

reviparine e 

certoparin n 

D D 

--

4500 0 

4500 0 

4500 0 

4500 0 

5000 0 

5000 0 

5000 0 

4500 0 

5000 0 

5000 0 

3900 0 

4500 0 

5000 0 

3900 0 

3800 0 

--

3.6 6 

1.9 9 

3.6 6 

3.6 6 

3.8 8 

4.0 0 

4.0 0 

3.6 6 

3.8 8 

4.0 0 

5.0 0 

1.9 9 

3.8 8 

5.0 0 

4.2 2 

Tablee 1: Randomized clinical trials comparing low-molecular-weight heparin with unfractionated 

heparinn in the initial treatment of patients with venous thromboembolism 

antagonists.. A total of 23 studies were excluded for the following reasons: publications 

fromm which it was impossible to extract the clinical data;33-39 reports of studies that 

weree later published in full;40-43 LMWH doses were adjusted or dose-ranging 

study;44-511 clinical outcomes were not objectively confirmed;48,49,52 follow-up less 

thann 3 months;48,49 f lxecj dose UFH;52-54 a duplicate report;55 and data earlier 

publishedd in full.5^ 

Hence,, a total of 16 studies satisfied our predefined inclusion criteria, and were 

availablee for the present analysis. Details about the dose, the frequency of 

administration,, and type of LMWH, as well as the number of patients included are 

givenn in table 1.57-72 
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Efficacy Efficacy 

Inn total 13 studies were eligible for the assessment of the rate of recurrent VTE.5^-

63,65-722 These studies included a total of 5568 patients, 2768 received LMWH and 

28000 patients were treated with UFH. The OR's for the outcome recurrent VTE for the 

individuall  studies are depicted in Figure 1. The overall OR was 0.66 (95% CI: 0.51-

0.86)) in favor of LMWH, corresponding with a log OR of- 0.18. Figure 2 depicts the 

logg OR of the individual studies versus the absolute percentage of recurrent VTE in the 

UFHH control group for the various LMWH preparations. Although, the inclusion 

criteriaa were essentially similar between the different trials, the absolute percentage of 

recurrentt VTE in the UFH recipients varied between 0.0% and 8.2%, whereas, the log 

ORR varied between - 0.89 and 0.88. Interestingly, a high absolute recurrence rate in the 

UFHH control group appeared to be associated with a lower log OR (B = - 0.137, p = 

0.007),, indicating a higher relative efficacy of the LMWH compound. This relationship 

wass even more pronounced when correction for the proportion of patients with cancer 

inn the various studies was employed (B = - 0.193, p = 0.001). Further correction for the 

yearr of publication, as well as for the primary diagnosis of DVT or PE, did not change 

thee association. 

Study y 

Brcddinn 1999 
Columbuss 1997 
DCCOUSUK1998 8 
Harenbergg 2000 
Hulll  1992 
Koopmann 1996 
Levincc 1996 
Ltndmarke rr  1994 
Lopaciukk 1992 
Loumanmakii  1996 
Prandonii  1992 
Simonncauu 1993 
Simonneauu 1997 

LMW H H 
n/N N 

9/388 8 
27/510 0 
10/195 5 
5/265 5 
6/213 3 
8/202 2 
13/2-17 7 
2/101 1 
0/74 4 
4/117 7 
4/85 5 
0/67 7 
5/304 4 

UFH H 
n/N N 

24/375 5 
25/511 1 
12/205 5 
16/273 3 
15/219 9 
10/198 8 
17/253 3 
0/103 3 
3/72 2 
2/131 1 
7/85 5 
3/67 7 
67308 8 

Pet»» OR 
95%%  n 

Totall  (95% CI) 93/2768 140/2800 

T««« rorhrlrratrttrit\ : Chi'-I8.71. df-U (p-ftlJ ) 

Weight t 

14 4 

9 9 
9 9 
9 9 
8 8 
13 3 

 1 

PetoOR R 
95%%  CI 

->-> 3 
5 5 
I I 
5 5 

100 0 

0.377 (0.19 
1.099 (0.62 
0.877 (0.37 
0.35(0.15 5 
0.422 («.17 
0.788 (0.30 
0.777 (0.37 
7.6!!  (0.47 
0.13(0.01 1 
2.222 (0.44 
0.56(0.17 7 
0.13(0.01 1 
0.844 (0.26 

 0.75) 
 1.90) 

) ) 
-0.83) ) 

1.01) ) 
-- 2.00) 
-- 1.62) 

 122.57) 
-- 1.25) 

 11.22) 
 1.89) 
 1.28) 

-- 2.77) 

0.66(0.51-0.86) ) 

ratour ee I MVi H Favour**  t VI I 

Figuree 1: Scatter plot of the log OR of recurrent VTE against the absolute percentage of recurrent 
VTEE for the different LMWH compounds 
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CC C 
O O 

5 5 
O O 

I I I yy = 

^ V s » » 

11 1 

0.042x,-0.193x x 

Xii = percentage 

x 2 -- absolute pe 

(weightedd by 1 / 

++ 0.152 (p = 0.001) 

cancerr in the different studies, 

rcentagee recurrent VTE in UFH group, 

variance) ) 

O O 

X X 

X A A 

** A 
X X 

1 2 3 4 5 6 7 8 9 9 

absolutee percentage recurrent VTE in the UFH group 

 certoparin 

 dalteparin 

Aenoxaparin n 

XX nadroparin 

OO reviparin 

 tinzaparin 

10 0 

Figuree 2: Scatter plot of the log OR of recurrent VTE against the absolute percentage of recurrent 

VTEE for the different LMWH compounds. 

Safety Safety 

Al ll  16 studies were eligible for the evaluation of the frequency of major 

hemorrhages.57-722 These studies included a total of 6055 patients, 3006 received 

LMW HH and 3049 patients were treated with UFH. The OR's of the outcome major 

hemorrhagee for the individual studies are depicted in Figure 3. 

Thee overall OR of 0.56 in favor of LMWH (95% CI: 0.38-0.83), corresponding with 

aa log OR of- 0.25. Figure 4 depicts the log OR of the individual studies versus the 

absolutee percentage of major bleeding in the UFH control group for the various LMWH 

preparations.. The absolute percentage of major hemorrhages varied between 0.0% and 

8.6%o,, whereas, the log OR varied between - 0.89 and 0.23. Of note is the large 

variationn in log OR and no relation was observed with the absolute percentage of major 

bleedingg in the control group (13 = - 0.015, p = 0.845). Corrections for the frequency of 

cancer,, or the year of publication did not change this finding. 
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Stud? ? 

Brcdtli nn 1999 
Columbuss 1997 

Decorouss 1998 
Harcnhcrgg 2(H1(I 
Hul ll  1992 
Koopmann 1996 
Levincc 1996 
Limlmarke rr  1994 
Lopaciukk 1992 
Loumanmakii  199f 
Prandoni1992 2 
Simonneauu 1993 
Simonncauu 1997 
Duiouvv 1991 
Faivr cc 1997 
FiessinRerr  1996 

To«all  (95% CI ) 

Tcüü fur hclcii>gi-im<y: 

LMW H H 
n/N N 

1/388 8 
10/510 0 
7/195 5 
4/265 5 
1/213 3 
1/202 2 
5/247 7 
0/101 1 
0/74 4 
0/117 7 
1/85 5 
0/67 7 
3/304 4 
2/85 5 
0/33 3 
0/120 0 

35/3006 6 

Chf»U.?6,, tlf°*I J (p 

UFH H 
n/N N 

2/375 5 
8/511 1 
8/205 5 
11/273 3 
11/219 9 
2/198 8 
3/253 3 
0/103 3 
1/72 2 
1/131 1 
3/85 5 
0/67 7 
5/308 8 
4/81 1 
3/35 5 
2/133 3 

64/3049 9 

) ) 

C C 

< < 

2 2 ' ' 

Peti i 
95"/ / 

Futuur **  LMW H 

OR R 
,, CI 

Weight t 

3 3 
IX X 
15 5 
15 5 
12 2 
3 3 

0 0 

4 4 
0 0 
8 8 
6 6 
3 3 
2 2 

100 0 

55 Mt 

II  M l 

Pctoo OR 
95»/.. CI 

0.500 (0.05 - 4.78) 
1.26(0.49-3.19) ) 
0.922 (0.33 - 2.57) 
0 .40(0 .14-- 1.10) 
0.19(0.06-0.59) ) 
0.500 (0.05 - 4.85) 
1.70(0.42-6.87) ) 
Nott  estimable 
0 .13(0 .00-6 .64) ) 
0 .15(0 .00-7 .64) ) 
0.366 (0.05 - 2.61) 
Nott  estimable 
0.611 (0.15-2.46) 
0.488 (0.09 - 2.43) 
0.13(0.011 - 1.34) 
0.15(0.011 -2.39) 

0.566 (0.38 - 0.83) 

Figuree 3: Meta-analysis of major bleeding during the initial treatment of patients with venous 

thromboembolismm (LMWH versus UFH). 

11 -

0,88 -

0,66

0.44

0,22

- 0 , 2 --

-0,44 -

-0,66

-0,88 -

-11 -

1 1 

A A 
O O 

OO X # 

f f 

yy = -0 .015x 1 -0 .324 (p = 0.845) 

XTT = absolute percentage major hemorrhage in UFH group 

(weightedd by 1 /var iance) 

X X 

+ + 
II 1 I 1 1 1 i i 

 certoparin 

 dalteparin 

AA enoxaparin 

xx nadroparin 

oo reviparin 

 tinzaparin 

++ CY 222 

1 2 3 4 5 6 7 8 9 9 

absolutee percentage major hemorrhage in the UFH group 

Figuree 4: Scatter plot of the log OR of major bleeding against the absolute percentage of major 

bleedingg for the different LMWH compounds 
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Studv v 

Bmlili nn 1999 
Columbuss 1997 
Decnususs 1998 
Harenbergg 200(1 
Hul ll  1992 
Koopmann 1996 
Levmcc 1996 
Lopaciukk 1992 
Loumanmakii  1996 
Prandonii  1992 
Simonneauu 1993 
Simonncauu 1997 

LMW H H 
n/N N 

9/388 8 
36/510 0 
10/195 5 
2/265 5 
10/213 3 
4/202 2 
11/247 7 
0/74 4 
1/117 7 
5/85 5 
3/67 7 
12/304 4 

UFH H 
n/N N 

Pctoo OR 
95%%  CI 

Weight t Pctoo OR 
95%%  CI 

11/375 5 
39/511 1 
15/205 5 
11/273 3 
21/219 9 
7/198 8 
17/253 3 
1/72 2 
4/131 1 
9/85 5 
2/67 7 
14/308 8 

Totall  (95% CI) 103/2667 151/2697 

Tfstt  for  heterogeneity: (hi-8.47. df-t l (p»o.75) 

8 8 
29 9 
10 0 
5 5 
12 2 
5 5 
11 1 
0.4 4 
2 2 
5 5 
2 2 
10 0 

100 0 

0.799 (0.32 
0.922 (0.57 
0.69(0.31 1 
0.255 (0.08 
0.488 (0.23 • 
0.56(0.17 7 
0.655 (0.30 
0.13(0.00 0 
0.333 (0.06 • 
0.54(0.18--
1.511 (0.25 
0.866 (0.39 

1.91) ) 
1.47) ) 
1.55) ) 
0.75) ) 
1.00) ) 
1.85) ) 
1.40) ) 
6.64) ) 
1.94) ) 
1.60) ) 
8.96) ) 
1.89) ) 

0.688 (0.53 - 0.88) 

«.!!  0,2 0.5 

Favour** LMWH 

Figuree 5: Meta-analysis of mortality during the first three months after the initial treatment of patients 

withh venous thromboembolism (LMWH versus UFH). 

on on 
o o 

0,88 -

0,66 -

0,44 -

0,22 -

00 • 

-0.22 -

-0,44 • 

-0,66 • 

-0,88 • 

-11 • 

X X 

• • 

o o 

—• • 
A A 

• • 

yy = 0.06xi- 0.582 (p = 0,132) 

Xii = absolute mortality rate in UFH group 
(weightedd for 1 / variance) 

•• - * ^ " — ' 
^ - ^ ^ ^^ # X 

•• certoparin 

•• dalteparin 

•• enoxaparin 

XX nadroparin 

OO reviparin 

•• tinzaparin 

absolutee percentage mortality in the UFH group 

Figuree 6: Scatter plot of the log OR of mortality against the absolute mortality rate for the different 

LMW HH compounds. 
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Mortality Mortality 

Inn total 12 studies were eligible for the assessment of the mortality rate.5 9 - 6 2'6 5 - 72 

Thesee studies included in total 5364 patients, 2667 patients received LMWH and 2697 

patientss were treated with UFH. Figure 5 depicts the OR's for the outcome mortality 

forr the individual studies. 

Thee overall OR for mortality was 0.68 in favor of LMWH (95% CI: 0.53-0.88), 

correspondingg with a log OR of- 0.17. Figure 6 depicts the log OR of the individual 

studiess versus the absolute mortality rate in the UFH control group for the various 

LMWHH preparations. The absolute mortality rate varied between 1.4% and 10.6%, 

whereas,, the log OR varied between - 0.89 and 0.18. Interestingly, a trend was 

observedd showing an increased log OR, when the mortality rate in the UFH control 

groupp was higher, indicating smaller treatment effect when the mortality increased in 

thee control group, however the relationship was not statistically significant (B = 0.06, p 

== 0.132). Correction for the proportion of patients with cancer in the various studies, or 

yearr of publication did not change the association. 

ComparisonComparison of different LMWH compounds 
Onlyy dalteparin was associated with a statistically significant effect on both recurrent 

VTEE and major bleeding, this effect remained after correcting for the proportion of 

cancerr in the different studies and the year of publication. Interestingly, the differences 

observedd between dalteparin and all other LMWH compounds together have both a 

negativee and a positive aspect. Dalteparin was associated with an increased log OR (B = 

0.730,, p = 0.030) for efficacy, indicating that it is less effective than the other LMWH 

compounds.. In contrast, the log OR for safety was decreased (B = - 0.592, p = 0.008), 

indicatingg that it is safer than the other LMWH compounds, with respect to the 

occurrencee of major hemorrhage. 

Figuree 7 illustrates the relationship between both efficacy and safety for the LMWH 

compoundss analyzed. Preparations in the lower left quadrant have both an improved 

efficacyy and safety as compared to standard UFH treatment. Preparations in the upper 

leftt quadrant have an improved efficacy, whereas the rate of major hemorrhages is 

higherr than for UFH treatment. Finally, studies in the lower right quadrant have an 

improvedd safety profile, without a better effect on the rate of recurrent VTE. Most 
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oo 0,6 
O) ) 
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EE 0,2 
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' 
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• 
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• • 
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•• ox 

• • 
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TT 1 1 1 1 
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• • 
11 1 1 1 1 
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•• dalteparin 

•• enoxaparin 

XX nadroparin 
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•• tinzaparin 

-1 1 -0,44 -0,2 0 0,2 0,4 

logg OR recurrent VTE 

Figuree 7: Scatter plot of log OR bleeding versus log OR recurrent VTE for the different studies 
comparingg low-molecular-weight heparins with unfractionated heparin in the initial treatment of 
venouss thromboembolism 

preparationss are in the lower left quadrant, although, clearly compounds closer to the 

leftt lower corner of the graph are those with the best efficacy safety ratio, there appears 

too be much variation between the various compounds, and also between studies with a 

singlee compound. 

Discussion n 

Everr since the introduction of low-molecular-weight heparin compounds in the 

clinical-arena,, there has been a debate, whether LMWH compounds may differ in 

clinicall  efficacy or safety. In this analysis a total of 16 studies have been included with 

77 different LMWH compounds, of which 6 preparations are on the market today. For 

somee LMW H preparations only one study was available and a maximum of 4 studies 

couldd be included for a single preparation. This limited number of studies and the 

absencee of direct comparisons between different LMWH compounds makes the 

analysiss as performed in this study difficult to interpret and warrants for careful 

conclusions. . 
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AreAre all LMWH compounds the same'y 

Nevertheless,, the present analysis reveals some interesting aspects. For recurrent 

VTE,, major hemorrhage, and mortality there is an impressive variation in the absolute 

ratess of the studied outcomes in the UFH treatment group and also the OR's of the 

differentt LMWH preparations show a quite large variation. 

Thee relative efficacy seemed lager when there was a higher absolute percentage of 

recurrentt VTE in the UFH arm. This association was even more pronounced when the 

analysiss was corrected for the percentage of cancer in the various studies. Although, the 

differencee in the absolute recurrence rate in the UFH group is difficult to explain, it has 

previouslyy been suggested that gradually the quality of UFH administration has 

improvedd due to the introduction of dosing nomograms. Interestingly, no effect was 

observedd for the year of publication on the association between efficacy of LMWH 

compoundss in comparison to UFH. 

Usingg linear regression and a direct comparison of the log OR's for both safety and 

efficacyy only one LMWH compound appeared to behave differently from all other 

LMWH's.. This compound (dalteparin) was associated with a lower major hemorrhage 

rate,, but a higher frequency of recurrence. Although, our analysis does not allow for a 

goodd explanation of this finding, it may be related to the dose of dalteparin 

administeredd in the clinical trials. In our analysis we only included studies using a dose 

currentlyy recommended by the manufactures, hence dose finding studies were 

excluded.. Figure IV illustrates that the great majority of LMWH compounds are in the 

lowerr left quadrant, i.e. both efficacy and safety appear to be better than standard 

treatmentt with UFH, but that some variation may be present. However, the limited 

numberr of studies does not permit firm conclusions about clinically relevant differences 

betweenn other LMWH compounds. 

Itt is unlikely that many more studies comparing UFH and LMWH in the treatment of 

objectivelyy established VTE would become available soon, hence the question about 

thee differences between LMWH's may never be adequately answered. An alternative 

approachh may be to use the technique employed here on the larger database of 

prophylaxiss studies or those done in the setting of acute coronary syndromes. 

25 5 




