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Abstract t 

Unfractionatedd heparin (UFH) remains the anticoagulant of choice during 
pregnancy.. Low-molecular-weight heparins (LMWH) are an attractive alter-
nativee to UFH due to their logistic advantages and their association with a 
lowerr incidence of osteoporosis and HIT. We reviewed all published clinical 
reportss concerning the use of LMWH during pregnancy. In addition, partici-
pantss of an international interest group contributed a cohort of pregnant 
womenn treated with LMWH. Pregnancies were divided into two groups; those 
withh and those without maternal comorbid conditions. The number of ad-
versee fetal outcomes and the occurrence of maternal complications were 
evaluatedd in the two groups. In the group of women with comorbid conditions 
(n=290),, 13.4% of the pregnancies were associated with an adverse fetal out-
come.. In contrast, in the group of women without comorbid conditions 
(n=196),, 3.1% were associated with an adverse outcome, which is comparable 
too that seen in the normal population. We conclude that LMWH appear to be 
aa safe alternative to unfractionated heparin as an anticoagulant during 
pregnancy. . 
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Introductio n n 

Antithromboticc therapy during pregnancy is used for the treatment and pro-
phylaxiss of venous thromboembolic disease, for the treatment and prevention 
off  systemic embolism associated with valvular heart disease and/or mechani-
call  heart valves, and for the prevention of fetal growth retardation and preg-
nancyy loss in patients with antiphospholipid antibodies.1-2 Since antithrom-
boticc agents have the potential to produce complications in both the mother 
andd fetus, their use during pregnancy raises concerns. 
Coumarinn derivatives can cause embryopathy which consists of nasal hypo-
plasiaa and/or stippled epiphyses after in utero exposure during the first tri-
mesterr of pregnancy, and CNS abnormalities that can occur after exposure 
duringg any trimester.3-4 Neonatal infant hemorrhage is a possibility if couma-
rinn derivatives are administered to the mother near term. Therefore, unfrac-
tionatedd heparin has emerged as the anticoagulant of choice in this setting, 
sincee this agent does not cross the placenta5 and its efficacy and safety are 
welll  recognized in the prevention and treatment of venous and arterial 
thromboembolicc disease.68 In a systematic review of the literature it was 
shownn that adverse fetal/infant outcomes occurred to a far lesser extent in 
womenn exposed to unfractionated heparin as compared to those who received 
coumarinn derivatives.9 The findings suggested that heparin therapy in preg-
nancyy is associated with an adverse fetal/infant outcome rate that is similar 
too that observed in "normal" pregnancies. However, treatment with unfrac-
tionatedd heparin has serious drawbacks including osteoporosis,1011 and hepa-
rinrin induced thrombocytopenia, which may be complicated by venous or 
arteriall  thromboembolic complications.12-13 A previous study has shown that 
symptomaticc fractures of the vertebrae may occur in up to 2.2% of pregnant 
womenn treated with unfractionated heparin.14 Long term exposure to unfrac-
tionatedd heparin has also been shown to be associated with asymptomatic de-
creasee in bone density.10 In addition, treatment with unfractionated heparin 
att therapeutic levels, either by continuous intravenous infusion or twice daily 
subcutaneouss injections, requires laboratory monitoring and dose adjust-
mentss on a regular basis. 

Basedd on an equal efficacy and safety profile, low-molecular-weight heparins 
havee replaced unfractionated heparin in the prophylaxis and treatment of pa-
tientss with venous thromboembolism.15 Compared to unfractionated heparin, 
low-molecular-weightt heparins have the advantage of an increased half-life 
andd improved bioavailability.1617 Therefore, low-molecular-weight heparins 
cann be administered subcutaneously once-daily, with a dose based on body-
weightt only, without the necessity of laboratory monitoring and dose-
adjustments.. Furthermore, these agents have been shown to be associated 
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withh a substantially lower incidence of heparin induced thrombocytopenia 
andd osteoporosis.1820 As with unfractionated heparin, low-molecular-weight 
heparinss do not cross the placental barrier.21'22 

Inn contrast to the numerous clinical studies comparing low-molecular-weight 
heparinss with unfractionated heparin in various clinical conditions, the 
evaluationn of these fractions in pregnancy has been limited to small case se-
ries.. The reluctance to perform proper comparative studies has created un-
certaintyy about the value of low-molecular-weight heparin for pregnant 
patientss who require antithrombotic therapy. We therefore performed a sys-
tematicc review to evaluate the potential role of low-molecular-weight hepa-
rinss in pregnancy. 

Methods s 

DataData collection 
Wee have aimed to identify all clinical reports that addressed the use of low-
molecular-weightt heparin during pregnancy by electronic searching of Med-
linee and Embase, and by hand-searching relevant journals. Furthermore, 
studiess were searched through personal communications with colleagues and 
companiess manufacturing low-molecular-weight heparin. In addition, an in-
ternationall  interest group was formed during the 1997 conference of the In-
ternationall  Society on Thrombosis and Haemostasis consisting of experts in 
thee field of anticoagulation and pregnancy. These experts contributed un-
publishedd cohorts of women treated with low-molecular-weight heparin dur-
ingg pregnancy. The identified articles and unpublished cohorts were reviewed 
andd assessed for inclusion based on predetermined criteria by two independ-
entt investigators. The eligibility criteria were administration of low-
molecular-weightt heparin antepartum without the concomitant use of an-
otheranticoagulantt agent and adequate reporting of fetal/infant outcome. 

Definitions Definitions 
Pregnanciess were divided in two groups; those with and those without ma-
ternall  comorbid conditions.9 Maternal comorbid conditions were defined as 
thosee conditions which are considered to be potentially associated with ad-
versee pregnancy outcomes. These include women with antiphospholipid anti-
bodiess or other autoantibodies, with previous fetal loss, with pre-eclampsia, 
andd with other serious conditions independently associated with a poor preg-
nancyy outcome. Women treated with low-molecular-weight heparin because 
off  a history of (venous) thromboembolism or an acute thromboembolic event 
andd those receiving low-molecular-weight heparin for prevention of systemic 
embolismm in relation with valvular heart disease or mechanical heart valves 
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weree not considered to be at a high risk for adverse pregnancy outcomes. 
Pregnancyy outcomes were considered adverse if conceptus death occurred 
(abortion,, stillbirth, or neonatal death), if a congenital malformation was pre-
sent,, if the delivery was premature (less than 37 weeks of gestation), or if 
neonatall  outcome was otherwise poor. Premature deliveries in which the in-
fantss ultimately suffered no permanent deformities or disabilities were fi-
nallyy classified as successful pregnancy outcomes. Reports were excluded 
fromm the analysis if the aforementioned maternal conditions and pregnancy 
outcomess could not be related to each other. 
Thee occurrence of venous thromboembolic complications, thrombocytopenia, 
osteoporosiss and haemorrhagic episodes was noted. Haemorrhagic episodes 
weree classified as clinically important or minor, according to international 
criteria.. Also the type of low-molecular-weight heparin, its dosage (divided in 
low,, intermediate and high dose), performance of dose adjustments and over-
alll  duration of therapy were extracted. Low dose treatment was defined as 
beloww 75 anti-Xa units/kg per day, intermediate dose as between 75 and 150 
anti-Xaa units/kg per day and high dose treatment as greater than 150 anti-
Xaa units/kg per day. These dosages correspond roughly to prophylactic, me-
diumm and therapeutic dosages. 

StatisticalStatistical analysis 
Iff  multiple pregnancies were reported in a single patient, only the first preg-
nancyy was considered for the analysis. The analysis was performed for all 
pregnanciess combined and for pregnancies with and without maternal 
comorbidd conditions separately with the aim of identifying clinically impor-
tantt adverse fetal/infant outcomes caused by low-molecular-weight-heparin. 
Sincee the selected maternal comorbid conditions were independently associ-
atedd with an adverse pregnancy outcome, the main analysis was confined to 
thee subgroup of women without such conditions. Confidence intervals based 
onn the binominal approximation to the normal distribution were calculated 
wheree indicated. 

Results s 

AA total of 486 pregnancies in which low-molecular-weight heparin was ad-
ministeredd as the sole anticoagulant agent were identified from 21 different 
studiess (Table 1). Of these, 11 were published reports2333 (203 pregnancies) 
andd 10 were cohorts (283 pregnancies) for which data were provided by the 
participantss of the international interest group. Of the total group, most were 
receivingg low-molecular-weight heparin because of a history of previous ve-
nouss thromboembolic disease (n=149), or the presence of auto-antibodies 
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Tablee 1. Published reports and cohorts supplied by participants of the inter-
nationall  interest group, type and dosage of LMWH, fixed dose or intention to 
adjust,, number of pregnancies with and without maternal comorbidity. 

Reference/ / 
cohortt centre 

Publishedd reports 
Gillisetal.,, 1992 
Griss et al., 1995 
Kisss et al., 1995 
Nelson-Piercyy et al., 1997 
Theunissenn et al., 1995 
Leee et al., 1996 
Bodaa et al., 1996 
Melissarii  et al., 1992 
Heligrenn et al., 1996 
Huntt et al., 1997 
Laskinetal.,, 1997 

Cohorts s 
Rambamm Medical Center, 
Haifa,, Israel 
Shebaa Medical Center, Tel 
Aviv ,, Israel 
Altaii  Medical University, 
Moscow,, Russia 
Catholicc University of 
Louvain,, Belgium 
Academicc Medical Center, 
Amsterdam, , 
Thee Netherlands 
Universityy Medical 
School,, Debrecen, 
Hungary y 
St.. Emeric Hospital, 
Budapest,, Hungary 
Universityy Hospital, 
Maastricht, , 
Thee Netherlands 
Slotervaartt Hospital, 
Amsterdam, , 
Thee Netherlands 
Gentoftee Hospital, 
Hellerup,, Denmark 

Typee of 
LMWH H 
used d 

enoxaparin n 
enoxaparin n 
enoxaparin n 
enoxaparin n 
nadroparin n 
nadroparin n 
nadroparin n 
dalteparin n 
dalteparin n 
dalteparin n 
reviparin n 

enoxaparin n 

enoxaparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

tinzaparin n 

Dosage e 
LMWH H 

Low w 
Low w 
Low w 
Low w 
Low w 
High h 
Low w 
Low w 
Low w 
Intermediate e 
Low w 

Low/ / 
Intermediate e 
Low w 

Low/ / 
Intermediate e 
Low/ / 
Intermediate e 
High h 

Low w 

Intermediate e 

Intermediate/ / 
High h 

Low w 

Low w 

Fixedd dose/ 
intentionn to 
Adjust t 

Fixed d 
Fixed d 
Fixed d 
Fixed d 
Fixed d 
Adjust t 
Fixed d 
Adjust t 
Adjust t 
Adjust t 
Fixed d 

Fixed d 

Fixed d 

Fixed d 

Fixed d 

Adjust t 

Fixed d 

Fixed d 

Fixed d 

Fixed d 

Fixed d 

Pregnancies s includedd in 
analysis s 

nn with 
maternal l 

comorbidity y 

0 0 
16 6 
1 1 
15 5 
14 4 
0 0 
0 0 
6 6 
0 0 
14 4 
43 3 
109 9 

32 2 

22 2 

77 7 

41 1 

0 0 

0 0 

1 1 

2 2 

0 0 

6 6 

181 1 

nn without 
maternal l 

comorbodity y 

1 1 
0 0 
0 0 
46 6 
0 0 
1 1 
7 7 
3 3 
22 2 
14 4 
0 0 
94 4 

8 8 

16 6 

10 0 

9 9 

18 8 

10 0 

6 6 

7 7 

5 5 

13 3 

102 2 
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Tablee 2. Indication for LMWH use during pregnancy in subgroups with and 
withoutt maternal comorbidity, number of adverse fetal/infant outcomes. 

Pregnanciess associated with maternal comorbid conditions 

Indicationn for LMWH use n Adverse fetal/infant outcomes, n 

Auto-antibodiess 163 27 

Unexplainedd (recurrent) fetal loss 93 10 

Pre-eclampsiaa 28 0 

Miscellaneouss conditions 6 2 
Totall  290 39 (13.4%, 9.5-17.4%) 

Pregnanciess not associated with maternal comorbid conditions 

Indicationn for LMWH use n Adverse fetal/infant outcomes, n 

Previouss venous thromboembolism 

Acutee venous thromboembolism 

Thrombophilia a 

Previouss arterial thromboembolism 

Mechanicall  heart valves 

Miscellaneouss conditions 

Total l 

149 9 

19 9 
14 4 
8 8 
3 3 
3 3 

196 6 66 (3.1% 

5 5 
0 0 
0 0 

0 0 
1 1 

0 0 
,, 1.1-6.6%) 

(n=163).. Most women in the latter group had a history of (recurrent) fetal 
losss and/or previous venous thromboembolic disease. The remainder of the 
patientss received low-molecular-weight heparin because of unexplained (re-
current)) fetal loss (n=93), pre-eclampsia (n=28), acute venous thromboem-
bolicc disease (n=18), the presence of a thrombophilic defect without a history 
off  venous thromboembolic disease (n=15), a history of arterial thromboem-
bolicc disease (n=8), mechanical heart valves (n=3) and miscellaneous condi-
tionss (n=9). The following low-molecular-weight heparin products were 
administered:: nadroparin (n=208), enoxaparin (n=157), dalteparin (n=59), 
reviparinn (n=43) and tinzaparin (n=19). 

AdverseAdverse fetal/infant outcomes 
Off  the 486 pregnancies, 41 resulted in conceptus death (1st trimester: 23; 2nd 

trimester:: 15; 3r d trimester: 3) and 38 in prematurity. Premature birth was 
associatedd with an unhealthy outcome in 4 cases. Congenital malformations 
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weree not observed. Therefore, adverse pregnancy outcomes, excluding 
healthyy prematurity, occurred in 45 (9.3%; 95 CI, 6.8 to 12.2%) of the 486 
pregnancies.. Of all pregnancies, 290 (60%) were associated with maternal 
comorbidd conditions and 196 (40%) were not (Table 2). 
Inn the subgroup of 290 women with comorbid conditions, adverse fetal/infant 
outcomess occurred in 39 (13.4%; 95% CI, 9.5 to 17.4%), of which 20, 14 and 1 
weree conceptus deaths in the first, second and third trimesters, respectively. 
Thee four unhealthy premature births occurred in this subgroup. Low-
molecular-weightt heparin was administered in low doses in 156 women and 
inn intermediate doses in 134 women. None of the women in this subgroup re-
ceivedd high doses. Treatment with low-molecular-weight heparin was initi -
atedd during the first trimester in 138 (48%) cases, during the second in 108 
(37%)) cases and during the third in only 31 (11%) cases. The trimester in 
whichh treatment was started could not be ascertained in the remaining 13 
pregnanciess (4%). No relation was found between adverse fetal/infant out-
comess and exposure (i.e. duration and dosage) to low-molecular-weight hepa-
rinn (Table 3). 

Tablee 3. Dosages of LMWH, trimester in which treatment was started and 
adversee fetal/infant outcomes for pregnancies with and without maternal 
comorbidd conditions. 

Maternall  comorbidity No maternal comorbidity 

Trimesterr Pregnancies Adverse Pregnancies Adverse 

Startt outcomes outcomes 

LMWH H 

Dosagee LMWH 

Loww Dose 

Intermediatee Dose 

Highh Dose 

I I 

II I 

II I I 

Unknown n 

I I 

II I 

II I I 

Unknown n 

I I 

II I 

II I I 

59 9 

73 3 

11 1 

13 3 

79 9 

35 5 

20 0 

--
--
--
. . 

144 (24%) 

55 (7%) 

188 (23%) 

11 (3%) 

11 (5%) 

400 3 (8%) 

33 3 

7 7 

24 4 

233 1 (4%) 

366 1 (3%) 

7 7 

2 2 

199 1 (5%) 

2 2 

3 3 
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Inn contrast, unsuccessful pregnancy outcomes occurred to a far lesser extent 
inn the 196 women without a comorbid condition. In this subgroup, 6 concep-
tuss deaths occurred (1st trimester: 3; 2nd trimester: 1; 3r d trimester: 2), for an 
overalll  incidence of adverse fetal/infant outcomes of 3.1% (95% CI, 1.1 to 
6.6%).. No premature births with an unhealthy outcome or neonatal deaths 
occurred.. Low-molecular-weight heparin was administered in low doses in 
1044 women, in intermediate doses in 68 women, and in high doses in the re-
mainingg 24 women. Treatment was started during the first trimester in 82 
(42%)) women, whereas 71 (36%) and 17 (9%) women started to use low-
molecular-weightt heparin during the second and third trimester, respec-
tively.. Of the remaining 26 pregnancies (13%) the trimester in which treat-
mentt was started could not be ascertained. The adverse events that did occur 
inn this subgroup appear not to be related to exposure to low-molecular-weight 
heparinn (Table 3). 

Osteoporosis Osteoporosis 
Symptomaticc heparin induced osteoporosis was observed in a single woman 
whoo presented with vertebral fractures after exposure to high dosages of low-
molecular-weightt heparin for a total period of 36 weeks. Bone density was as-
sessedd in three studies using dual-photon x-ray absorptiometry of the hip and 
thee lumbar spine. In the first study,32 the occurrence of subclinical osteoporo-
siss in 28 pregnancies exposed to low to moderate doses of enoxaparin admin-
isteredd for a minimum of two trimesters was compared to matched non-
pregnantt controls. Osteoporosis, defined as bone density more than 1 stan-
dardd deviation below that of controls, was found in approximately one third 
off  pregnancies and was spontaneously reversible in all cases after delivery. 
Inn a second study,24 comparable bone densities were found in 9 postpartum 
womenn treated with low doses of low molecular weight heparin from the first 
trimesterr onward as compared to age-matched non-pregnant women. In a 
thirdd study,33 bone density was measured before starting and upon comple-
tionn of therapy in 43 women treated with low doses of low molecular weight 
heparinn throughout pregnancy. No decrease in bone density was demon-
strated. . 

OtherOther outcomes 
Treatmentt with low-molecular-weight heparin was associated with only 3 
(0.6%,, 95% CI, 0.1 to 1.8%) thromboembolic complications in the total group 
off  486 women. These three women all had had a previous venous thrombo-
embolicc event, two had a thrombophilic condition and one had antiphospho-
lipi dd antibodies. One received low doses and two received intermediate doses 
off  low-molecular-weight heparin. 
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Low-molecular-weightt heparin treatment was well tolerated in most women. 
Allergicc reactions to these agents were observed in 3 (0.6%) cases and con-
sistedd of diffuse skin reactions which led to the cessation or change of treat-
ment.. Heparin induced thrombocytopenia was not observed. Clinically 
importantt haemorrhagic complications did not occur, whereas minor bleeding 
wass observed in 13 (2.7%, 95% CI, 1.4 to 4.5 %) women. 

Discussion n 

Inn this systematic review we addressed the relationship between the use of 
low-molecular-weightt heparin in pregnancy and the occurrence of adverse fe-
tal/infantt outcomes. In a previous study in which a comparable evaluation 
wass performed in women treated with unfractionated heparin it was shown 
thatt adverse fetal/infant outcomes in women without comorbid conditions (i.e. 
3.6%)) occurred to a similar extent as in the general population.9 

Thiss is consistent with our observed rate of adverse outcomes in women 
withoutt comorbid conditions (3.1%) and implies that the use of low-
molecular-weightt heparin is not associated with adverse fetal/infant out-
comes.. The high rate of adverse fetal/infant outcomes observed in the total 
groupp of women treated with low-molecular-weight heparin can be accounted 
forr by the presence of maternal comorbid conditions including auto-
antibodies,, pre-eclampsia and previous unexplained (recurrent) fetal loss 
whichh are all independently associated with adverse outcomes. Thus, abor-
tionn and stillbirth occurred at a notably higher rate (13.4%) in the group of 
womenn with comorbid conditions than in women without such conditions 
(3.1%). . 

Thee long-term use of low-molecular-weight heparin seems safe since compli-
cationss associated with these agents (e.g. osteoporosis, thrombocytopenia, 
bleeding)) occurred infrequently. The risk of osteoporosis seems of no to minor 
importancee in women exposed to low to moderate doses of low-molecular-
weightt heparin since no fractures were observed in this group. This observa-
tionn is further supported by the studies that demonstrated no differences in 
bonee density before and after low-molecular-weight heparin treatment. De-
spitee the long-term exposure to low-molecular-weight heparin, thrombocyto-
peniaa was not observed, which contrasts with the clearly elevated risk 
associatedd with long-term treatment with unfractionated heparin.12 Finally, 
clinicallyy important bleeding did not occur during pregnancy and did not 
complicatee delivery. I t must be noted however that our study includes only 24 
(5%)) women who were treated with high doses of low-molecular weight hepa-
rin.. I t is therefore possible that treatment with high doses of low-molecular-
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weightt heparin is associated with an increased risk of bleeding complications 
andd osteoporosis. 
AA venous thromboembolic complication was observed in three (0.6%) subjects 
fromfrom the entire group. However, not all women were at an increased risk for 
thee occurrence of venous thromboembolism (i.e. those with unexplained fetal 
losss or with pre-eclampsia). These findings are consistent with those found in 
comparablee studies evaluating the use of adjusted-dose unfractionated hepa-
rinrin in high-risk pregnancies.11-14 A definitive conclusion on the effectiveness 
off  treatment with low-molecular-weight heparin can not be given due to the 
non-randomizedd design of the study and the heterogeneity of the risk of ve-
nouss thromboembolism in the population studied. However, the observations 
inn this study would seem to suggest that low-molecular-weight heparins are 
indeedd effective for thromboprophylaxis in high-risk pregnancy. A further 
limitationn in our findings, which is inherent to this type of study, is that some 
adversee effects of low-molecular-weight heparin may have been missed. How-
ever,, it seems reasonable to expect that the observations made in this study 
aree representative of the whole population of treated pregnant women. 
Basedd on this pooled analysis, we postulate that low-molecular-weight hepa-
rinn appears to be safe during pregnancy for both the fetus and the mother. 
Comparativee trials with unfractionated heparin would ideally be performed. 
However,, considering the practical advantages of low-molecular-weight hepa-
rin,rin, their efficacy in the prophylaxis and treatment of venous thromboembo-
lismm in the general population and their safety in pregnant women shown in 
thiss study, we believe that low-molecular-weight heparin is a suitable antico-
agulantt for use during pregnancy. 
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