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Loww molecular  weight heparin versus unfractionated 

heparinn in the initia l treatment of venous thromboembolism 
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ABSTRACT T 

Inn this review, we analyzed data from randomized trials in which low molecular weight 

heparinn was compared with untractionated heparin, both to estimate the treatment 

effectt of low molecular weight heparin in the initial treatment of \enous 

thromboembolismm and to evaluate the effect of varied proportion of cancer patients 

(6°-'oo to 22"(i) on the incidence of outcome events (recurrence of venous 

thromboembolism,, bleeding and mortality) and on the estimated treatment effect. 

Loww molecular weight heparin has been extensively investigated in patients with deep 

veinn thrombosis, but few trials included patients with pulmonary embolism. The risk of 

recurrencee of venous thromboembolism (odds ratio [OR] 0.77: 95"<» confidence 

intervall  [CI] 0.56-1.04). major bleeding (OR 0.60; 95'V CI 0.38-0.95) and mortality 

(ORR 0.72; 95"o CI 0.55-0.96) were less with low molecular weight heparins compared 

too untractionated heparin. The proportion of cancer patients in these studies had a 

statisticallyy significant effect on the incidence of recurrent venous thromboembolism 

(p=0.03)) and mortality (p=0.002). but it had no influence on the estimated treatment 

effectss of low molecular weight heparins. Low molecular weight heparin is effective 

andd safe in the initial treatment of venous thromboembolism. 

<,-> <,-> 
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INTRODUCTION N 

Inn recent years, low molecular weight heparins ha\e become established as an 

effectivee and safe initial treatment of deep vein thrombosis. The main advantages of 

loww molecular weight heparin over the traditional hospital based, intravenous, adjusted 

dose,, unfraetionated heparin are the feasibility of home treatment with fixed dose, 

subcutaneouss injections [1.2] and less frequent treatment induced complications like 

thrombocytopeniaa [3] and major bleeding episodes [4]. 

Mostt randomized clinical trials that compared low molecular weight heparin with 

unfraetionatedd heparin in the initial treatment of venous thromboembolism excluded 

patientss with acute symptomatic pulmonary embolism. However, two recently 

publishedd studies claimed that low molecular weight heparin can be effectively and 

safelyy used also in the initial treatment of patients with acute pulmonary embolism 

[5,6]. . 

Duringg the 3-month follow-up period, an increased risk of recurrent venous 

thromboembolismm was observed in the patients with cancer in the largest of these 

studiess [5]. in which the proportion of patients with cancer was high. This finding is in 

agreementt with the observed increased risk for recurrence among cancer patients in a 

largee study that described the clinical course of deep vein thrombosis [7]. The 

proportionn of cancer patients included in the randomized clinical trials of 

unfraetionatedd heparin versus low molecular weight heparin in venous 

thromboembolismm varies considerably. Therefore, it is conceivable that part of the 

variationn in incidence of recurrence reported in these studies is due to the different 

proportionn of patients with cancer in these studies. Furthermore, the presence of 

cancerr could have influenced the relative treatment effect of low molecular weight 

heparinn versus unfraetionated heparin in venous thromboembolism. 

Inn this review, we analyzed data from randomized clinical trials that estimated the 

treatmentt effect of low molecular weight heparin compared with unfraetionated 
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heparinn in the initial treatment of venous thromboembolism, with regard to recurrent 

venouss thromboembolism, mortality and major bleeding complications. Furthermore, 

wee attempted to establish the effect of the proportion of patients with cancer in these 

studiess on the incidence of these outcome events and on the relative treatment effect. 

METHOD S S 

Identificatio nn of studies 

AA literature search was performed to identify publications (abstracts or original 

articles)) on randomized clinical trials comparing the efficacy and safety of low-

molecularr weight heparin with imfractionated heparin in the initial treatment of venous 

thromboembolism.. A computerized search of the \1HDLI\E. Current Contents and 

EMBASFF databases was done using the following key words and terms: deep vein 

(venous)) thrombosis, pulmonary embolism, low molecular weight heparin, 

unfractionatedd heparin, venous thromboembolic disease and thromboembolism. The 

referencee lists of the identified articles were then manually checked for any additional 

publications.. We also inquired through personal communications about any relevant 

studiess that are not yet published or pending publication. 

Identifiedd potential studies were evaluated by two investigators (Hettiarachchi and 

Prins)) using a structured evaluation form. The following details of the studies were 

assessed:: method of randomization, patient eligibility and diagnosis of index venous 

thromboembolismm (clinical or confirmed), study medication regimens, outcome events 

criteriaa and assessment procedures and availability of complete data in the publication. 

Publicationss were excluded if they were duplicate (including preliminary reports and 

abstracts)) or contained incomplete data. Studies were also excluded if they were not: 

trulyy randomized, if venous thromboembolism was not confirmed, if low molecular 

weightt heparin dose was adjusted or administered intravenously, if unfractionated 

heparinn dose was not adjusted or when outcome event assessment was incomplete or 

unclear.. Acceptable criteria for recurrent venous thromboembolism and major bleeding 

havee been published before [8]. 
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Dataa Analysis 

Meta-analysis:Meta-analysis: The three-month incidence of recurrence of venous thromboembolism 

andd mortality and the fourteen-day incidence of major bleeding complications were 

comparedd between the treatment groups. The odds ratios (OR) and the 95°<> 

confidencee intervals (CI) were calculated separately for each study and then pooled 

acrosss studies to estimate a common odds ratio and the 95uo confidence interval using 

thee Mantel-Haenszel method [9]. A similar analysis was performed limited to patients 

withh pulmonary embolism. 

Meta-regression:Meta-regression: To evaluate the effect of the proportion of patients with cancer on 

thee incidence of outcome events and on estimated treatment effect, linear regression 

wass used. For this purpose, the incidence of each outcome event was used as 

dependentt variable, and treatment choice (low molecular weight heparin or 

unfractionatedd heparin) and proportions of cancer patients in each treatment group 

weree used as independent variables. In addition, an interaction term between these two 

variabless was defined to investigate the effect of the proportion of patients with cancer 

inn each treatment group, on the relative efficacy of low molecular weight heparin 

versuss unfractionated heparin. These analyses were weighted by the variance in each 

treatmentt group in the studies. 

RESULTS S 

Identifiedd Randomized Clinical Trial s 

Twenty-sevenn publications on randomized clinical trials that compared low molecular 

weightt heparin with unfractionated heparin in the initial treatment of venous 

thromboembolismm were identified. Of these, fourteen were excluded because of the 

followingg reasons: abstracts were later published in full (n=2)[10,l 1], abstract with 

incompletee data (n= 1)[12]. one duplicate report (n=l)[13]. unfractionated heparin 

dosagee was not adjusted (n=3) [14-16], dose-finding study (n= 1)[ 1 7J. low molecular 

weightt heparin dosage was adjusted (n=2)[18.19]. intravenous administration of low 
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molecularr weight heparin (n=2)[20.21]. incomplete evaluation of outcome events 

(n=2)[22.23].. The remaining 13 trials were included in the meta-analysis [1.2.4-6.24-

31].. Major details of study design and availability of outcomes are given in Table I. 

Thee initial treatment lasted for a period of 5 to 10 days and was followed by oral 

anticoagulantss for at least 3 months. 

Recurrentt  venous thromboembolism 

Thee three-month incidence of recurrent venous thromboembolism was available in ten 

randomizedd clinical trials, in which patients were followed-up prospectively after the 

completionn of initial treatment period [1,2,4-6.26-30]. A total of 4019 patients with 

symptomaticc and confirmed venous thromboembolism were randomly assigned to 

eitherr subcutaneous low molecular weight heparin (n=1998) or intravenous 

unfractionatedd heparin (n=2021). The pooled odds ratio (OR), across all studies, for 

thee incidence of recurrence of venous thromboembolism at three months was 0.77 

(95%% confidence interval [CI] 0.56 to 1.04) in favor of low molecular weight heparin 

(Tablee 2). 

Separatee details on recurrence of venous thromboembolism in patients who were 

diagnosedd with acute pulmonary embolism as presenting event were available only 

fromm two studies [5.6]. In these two studies, a total of 883 patients with confirmed 

symptomaticc pulmonary embolism were treated with either low molecular weight 

heparinn (n = 442) or unfractionated heparin (n=441). Thirteen patients in the low 

molecularr weight heparin group and 14 patients in the unfractionated heparin group 

developedd recurrence within three months. The common odds ratio was 0.91 (95% 

confidencee interval 0.42 to 1.97). 
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TableTable 2. Meta-analysis of three-month recurrent venous thromboembolism in patients 

treatedtreated with low-molecular weight heparin versus unfractionated heparin. 

Studyy (year) LMWH UFH Odds Ratio 

Hulll [4] 

Prandonii [26] 

Lopaciukk [27] 

Simonneauu [28] 

Lindmarkerr [30] 

Koopmann [ 1] 

Levinee [2] 

Columbuss [5] 

Simonneauu [6] 

Decoususs [29] 

A L L L 

1992 2 

1992 2 

1992 2 

1993 3 

1994 4 

1996 6 

1996 6 

1997 7 

1997 7 

1998 8 

6/213 3 

4/85 5 

0/74 4 

0/67 7 

2/101 1 

8/202 2 

13/247 7 

27/510 0 

5/304 4 

10/195 5 

75/1998 8 

15/219 9 

7/85 5 

3/72 2 

3/67 7 

0/103 3 

100 198 

17/253 3 

25/511 1 

6/308 8 

12/205 5 

98/2021 1 

0.39(0.15 5 

0.555 (0.15 

0.133 (0.01 

0.14(0.01 1 

5.200 (0.25 

0.788 (0.30 

0.77(0.37--

1.099 (0.62 -

0.84(0.25--

0.87(0.37--

0.77(0.56--

1.04) ) 

-- 1.95) 

2.63) ) 

-2.70) ) 

109) ) 

2.01) ) 

1.62) ) 

1.90) ) 

2.79) ) 

-13.2) ) 

1.04) ) 

Majorr  bleeding eomplieations durin g heparin therapy 

Alll  thirteen eligible trials reported the incidence of bleeding complications during the 

initiall  treatment period [1,2,4-6.24-31]. Thirty patients of 2236 (1.3%) patients treated 

withh low molecular weight heparin developed major bleeding compared to 50 of 2270 

(2.2%)) patients who received unfractionated heparin (table3). The pooled odds ratio 

wass 0.60 (95% CI: 0.38 to 0.95; p value=0.03). This is a clinically relevant and 

statisticallyy significant 40% reduction of major bleeding incidence in favor of low 

molecularr weight heparin. 
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TableTable 3. Meta-analysis of major bleeding complications during initial treatment in 

patientspatients treated with low-molecular weight heparin (LMWH) versus unfractionated 

heparinheparin (UFH). 

Studyy (year) LMW H UFH Odds Ratio 

0.144 (0.01 -2.79) 

0.466 (0.08 - 2.60) 

0.09(0.011 -0.70) 

0.33(0.03-3.19) ) 

0.32(0.011 -7.98) 

1.00 0 

1.02 2 

0.49(0.04-5.42) ) 

1.722 (0.41 - 7.28) 

0.22(0.011 -4.59) 

1.26(0.49-3.21) ) 

0.60(0.14-2.55) ) 

0.92(0.33-2.58) ) 

0.60(0.388 -0.95) 

Three-monthh mortalit y 

Ninee studies with prospective follow-up after the initial treatment period reported the 

incidencee of three-month mortalin [1.2.4-6.26-29]. A total of 216 patients of 3815 

(5.7%)) patients who received either unfractionated heparin or low molecular weight 

heparinn died within 3 months of randomization. Analysis of the pooled data showed a 

Faivree [24] 

Durouxx [25] 

Hulll  [4] 

Prandonii  [26] 

Lopaciukk [27] 

Simonneauu [28] 

Lindmarkerr [30] 

Koopmann [ 1 ] 

Levincc [2] 

Fiessingerr [31] 

Columbuss [5] 

Simonneauu [6] 

Decoususs [29] 

ALL L 

1988 8 

1991 1 

1992 2 

1992 2 

1992 2 

1993 3 

1994 4 

1996 6 

1996 6 

1996 6 

1997 7 

1997 7 

1998 8 

0/33 3 

2/85 5 

1/213 3 

1/85 5 

0/74 4 

0/67 7 

0/101 1 

1/202 2 

5/247 7 

0/120 0 

100 510 

3/304 4 

7/195 5 

30/2236 6 

3/35 5 

4/81 1 

11/219 9 

3/85 5 

1/72 2 

0/67 7 

0/103 3 

2/198 8 

3/253 3 

2/133 3 

88 511 

5/308 8 

88 205 

50/2270 0 

59 9 



('hapterr  5 

statisticallyy significant reduction in mortality in favor of low molecular weight heparin 

(ORR 0.72: 95% CI 0.55 to 0.96). At three months 91 of the 1897 (4.8%) patients 

treatedd with low molecular weight heparin had died in comparison to 125 of the 1918 

(6.5%)) patients who received unfraetionated heparin (Table 4). 

TableTable 4. Meta-analysis of three-month mortality in patients with venous 

thromboembolismthromboembolism treated with low-molecular weight heparin versus unfraetionated 

heparin. heparin. 

Studyy (year) LMVVH LI U Odds Ratio 

Hulll  [4] 

Prandonii  [26] 

Lopaciukk [27] 

Simonneauu [28] 

Koopmann [1] 

Levinee [2] 

Columbuss [5] 

Simonneauu [6] 

Decoususs [29] 

ALL L 

1992 2 

11 992 

1992 2 

1993 3 

1996 6 

1996 6 

1997 7 

1997 7 

11 998 

10/213 3 

5/85 5 

0/74 4 

3/67 7 

4/202 2 

11/247 7 

36/510 0 

12/304 4 

100 195 

91/1897 7 

21/219 9 

9/85 5 

1/72 2 

2/67 7 

77 198 

17/253 3 

399 5 1 1 

14/308 8 

155 205 

1255 1918 

0.46(0.21 1 

0.533 (0.17 

0.32(0.01 1 

1.52(0.25 5 

0.555 (0.16 

0.655 (0.30 

0.922 (0.57 

0.866 (0.25 

0.68(0.30 0 

0.72(0.55 5 

1.01) ) 

-- 1.65) 

7.98) ) 

) ) 

1.91) ) 

1.41) ) 

1.47) ) 

1.90) ) 

1.56) ) 

0.96) ) 

Thee influence of'  malignancy 

Thee proportion of patients with cancer included in these studies varied between 6% to 

23%% (Table 5). The proportion of patients with cancer in the treatment arms of these 

studiess had a statistically significant effect on the incidences of recurrence of venous 

thromboembolismm and three-month mortality. With a 10% increase in the proportion of 
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patientss with cancer an increase of 1.7% (95°/» confidence interval 0.1% to 3.2%) of 

thee incidence of recurrent venous thromboembolic events was observed. A similar 

increasee in the proportion of cancer patients increased the incidence of three-month 

mortalityy by 2.6% (95% confidence interval 1.1% to 4.1%). The incidence of major 

bleedingg was also increased by 0.7% even though it was not statistically significant 

(95%% confidence interval -0.3% to 1.6"ó) 

Inn contrast, the proportion of patients with cancer in a study had no statistically 

significantt effect on the estimated treatment effects of low molecular weight heparin. 

Both,, the type of the treatment (p >0.2) and the interaction term between treatment 

typee and proportion of cancer patients (p > 0.2) had no statistically significant 

relationshipp with the incidence of all three outcome events. 

TableTable 5. The influence of proportion of patients with cancer on the incidence of 

outcomeoutcome events. 

Study y 

Lopaciukk [27] 

Simonneauu [28] 

Lindmarkerr [30] 

Simonneauu [6] 

Durouxx [25] 

Fiessingerr [31] 

Decoususs [29] 

Koopmann [1] 

Prandonii  [26] 

Levv me [2] 

Hulll  [4] 

Columbuss [5] 

Patientss with 
cancerr / all 

9/149 9 

9/134 4 

16/207 7 

600 612 

18/166 6 

29/253 3 

56/400 0 

70/400 0 

33/170 0 

1033 500 

95/432 2 

2322 1021 

**  Only six-month mortality 

Proportionn of 
cancerr patients 

% % 

6.0 0 

6.7 7 

7.8 8 

9.8 8 

10.8 8 

11.5 5 

14.0 0 

17.5 5 

19.4 4 

20.6 6 

22.0 0 

222 7 

reported d 

Incidencee 3-
month h 

recurrencee VTE 
% % 

2.0 0 

2.2 2 

0.9 9 

1.8 8 

--

--

5.5 5 

4.5 5 

6.5 5 

6.0 0 

4.8 8 

5.1 1 

Incidence e 
3-month h 
mortality y 

% % 

0.7 7 

3.7 7 

* * 

4.2 2 

--

--

6.3 3 

2.8 8 

8.2 2 

5.6 6 

7.2 2 

~~ i 

Incidence e 
14-dayy major 
bleedingg % 

0.7 7 

0 0 

0 0 

1.3 3 

3.6 6 

0.8 8 

3.8 8 

o.x x 

2.4 4 

1.6 6 

2.x x 

1.8 8 
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DISCISSION N 

Thee results of this meta-analysis, which included more than 4000 patients with 

continuedd venous thromboembolism, indicate that the incidence of recurrence of 

venouss thromboembolism is reduced by 23"o (95°o confidence interval 44% to 0%) in 

patientss treated with low molecular weight heparin compared to those who were 

treatedd with unfractionated heparin. The incidence of major bleeding episodes was also 

40"oo less in favor of low molecular weight heparin (95% confidence interval 62% to 

5%)) and it was statistically significant too. The same was true for the incidence of 

three-monthh mortality (2<X% less in favor of low molecular weight heparin with 95% 

confidencee intervals of 45% and 4%). The incidence of recurrent venous 

thromboembolismm and three-month mortality was significantly higher in patients with 

venouss thromboembolism and cancer compared to patients without cancer. In contrast, 

thee proportion of cancer patients included in randomized clinical trials had no 

statisticallyy significant influence on the estimated treatment effect of low molecular 

weightt heparin in comparison to unfractionated heparin, indicating that the effect of 

loww molecular weight heparin is comparable in patients with and without cancer. 

Thee three most recent randomized trials [5.6.29] contributed more than half (2033 of 

4019)) of the patients to this meta-analysis. Treatment effect of low molecular weight 

heparinn estimated in these three studies influences the pooled results across the nine 

(mortality),, ten (recurrent venous thromboembolism) and thirteen (major 

hemorrhages)) studies. The essentially neutral results in these three large studies dilute 

thee positive results of the previous studies. Still, low molecular weight heparins are at 

leastt equally effective as unfractionated heparin in the initial treatment o\' venous 

thromboembolismm and significantly (statistically and clinically) safer with regard to 

bleedingg complications and three-month mortality. 

Itt is not yet possible to arrive at definitive conclusion for patients with pulmonary 

embolism,, separately, since such data is available only in two studies [5.6] (883 

patients).. Most of the previous studies except the two by Hull and colleagues [4] and 
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Faivree and colleagues [10] have excluded such patients. The use of low molecular 

weightt heparins in patient with pulmonary embolism could be defended based on 

pathophysiologicall  similarity and other relationships between the two entities deep-

veinn thrombosis and pulmonary embolism [32. 33]. However, in the recent review by 

Douketiss and colleagues, it was reported that the recurrence rate of pulmonary 

embolismm and the incidence of fatal pulmonary embolism were significantly higher in 

patientss who had pulmonary embolism than patients with deep-vein thrombosis [34]. 

Thee identification of a relationship (expected) between the proportion of patients with 

cancerr in a trial and an increased incidence of recurrent venous thromboembolism, 

bleedingg and mortality should have an influence on future trials. In clinical trials where 

patientss with venous thromboembolism are included, stratification for cancer during 

randomizationn and analysis, will allow more accurate estimates of treatment effect. 

Further,, the finding that a 10% increase in the proportion of patients with cancer 

increasess the incidence of recurrent venous thromboembolism by 1.7% is equivalent to 

ann increased incidence of recurrent thromboembolism of 17% in patients with cancer. 

AA preventive strategy to reduce the incidence of recurrent venous thromboembolism in 

patientss with cancer seems warranted. 

Inn summary, the results of trials involving more then 4000 patients with venous 

thromboembolismm justify the use of fixed dose subcutaneous low molecular weight 

heparinss in the initial treatment of venous thromboembolism. However, caution should 

bee taken in patients with pulmonary embolism, since it is not possible to make a 

definitee conclusion with the available data in this patient group. 
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