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Objective: We aimed to evaluate the effect of different timing of initiation of low-molecular- 

weight heparin (LMWH) administration on the pregnancy outcomes in women with antiphos-

pholipid syndrome (APS).

Materials and methods: A randomized controlled study was conducted on women with 

obstetrical APS. All participants were randomly divided at documentation of positive pregnancy 

test into two groups; early initiation group in which LMWH therapy was started once positive 

pregnancy test was established (in the fifth week of gestation), and later initiation group in 

which LMWH therapy was started after sonographic confirmation of fetal cardiac pulsation 

(in the seventh week of gestation). In both groups, LMWH (enoxaparin) was given at a dose 

of 40 mg/day subcutaneously and the therapy continued until end of pregnancy. The primary 

outcome measure was ongoing pregnancy rate and the secondary outcome measures were fetal 

loss, live birth rate, preterm labor before 34 weeks of gestation, intrauterine growth restriction 

(IUGR), and congenital fetal malformations.

Results: Ninety-four women (48 in the early initiation group and 46 in the later initiation group) 

were subjected to final analysis. The ongoing pregnancy rate was significantly higher in the 

early initiation group than in the later initiation group (81.2% vs 60.9%; P=0.040). However, 

both groups were similar in the incidences of fetal loss, preterm labor before 34 weeks of gesta-

tion, and IUGR, and live birth rate. No recorded congenital fetal malformations in both groups.

Conclusion: Early administration of LMWH for pregnant women with obstetrical APS reduces 

early pregnancy loss, but does not affect the incidence of late obstetrical complications.

Keywords: APS, LMWH, fetal loss

Introduction
Obstetrical antiphospholipid syndrome (APS) is an autoimmune disease characterized 

by presence of characteristic auto-antibodies that jeopardize pregnancy with recurrent 

miscarriages, intrauterine growth restriction (IUGR), still birth, or severe preeclampsia 

with or without arterial and/or venous thrombosis. Antiphospholipid antibodies could 

be detected as normal variants in 1%–5% of population, this incidence is increased 

dramatically to ~15% in women with recurrent miscarriages, and 40% in women with 

systemic lupus erythematosus (SLE).1

As an old concept, the pathogenesis of APS was attributed to thrombosis in vascular 

beds either arterial, venous, or in placental circulation, which results in placental 

insufficiency,2 but this hypothesis was questioned in the obstetrical APS due to absence 
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of pathological evidence of vascular thrombosis or infarction 

in the placental components of some cases, permitting the 

refinement of obstetrical APS as an autoimmune inflamma-

tory disease.3 The APS auto-antibodies can bind to negatively 

charged macromolecules, such as phospholipids in the cell 

membranes initiating endothelial cell activation,4 and defec-

tive placentation or activation of the complement system 

triggering cascade of reactions, which in role produce pro-

inflammatory substances that damage the growing products 

of conception, either the placenta or the fetus itself.3

Management of obstetrical APS, specially the pure cat-

egory with no history of thrombosis, is based mainly on a 

combination between low-dose aspirin and unfractionated 

heparin (UFH).5 There is no evidence of superiority of low-

molecular-weight heparin (LMWH) over UFH if both were 

combined with low-dose aspirin in treatment of obstetrical 

APS,6,7 but LMWH may be preferable to UFH to decrease the 

risk of heparin-induced thrombocytopenia and osteopenia.8,9

Several mechanisms have been proposed for heparin 

role in treatment of obstetrical APS, including prevention of 

thrombosis in placental vasculature,10 prevention of deposition 

of anti-beta-2 glycoprotein I antibodies into the trophoblastic 

phospholipids,11 attenuation of trophoblastic apoptosis,12 anti-

complementary effect,13 and immunomodulatory action.14,15

From all the previous data, treatment of patients with 

obstetrical APS using heparin therapy is mandatory, but the 

timing of its initiation is still debatable and is according to the 

treatment protocol for each institute, some support initiation 

of heparin therapy as early as positive urine pregnancy test, 

while others prefer to wait until documentation of the fetal 

cardiac activity. This work tried to identify the proper timing 

of initiation of heparin therapy in cases of obstetrical APS.

Materials and methods
This was a prospective, randomized, controlled, parallel-

group study conducted during the period from January 2015 

through May 2017 in Mansoura University Hospital and 

private practice settings in Mansoura, Egypt. The study pro-

tocol was reviewed and approved by the Mansoura Faculty of 

Medicine Institutional Research Board (Code No R/15.08.15) 

and the trial was registered with ClinicalTrials.gov, identi-

fier NCT02326051. All procedures performed in the study 

were in accordance with the 1964 Declaration of Helsinki 

and its later amendments or comparable ethical standards. 

Women with obstetrical APS, diagnosed according to the 

revised classification criteria for APS in 2006,16 were selected 

for participation in our study. All the potential participants 

were interviewed, informed about the study, and counseled 

for participation. They then were evaluated regarding the 

inclusion and exclusion criteria.

The inclusion criteria were as follows: 1) history of $3 

consecutive early miscarriages (before the tenth week of 

gestation), and/or $1 unexplained death of a morphologi-

cally normal fetus at or beyond the tenth week of gestation, 

and/or $1 premature birth of a morphologically normal 

neonate before 34 weeks of gestation because of severe 

preeclampsia or eclampsia or placental insufficiency; and 

2) anticardiolipin antibodies (immunoglobulin M and/or 

immunoglobulin G) present in serum or plasma in medium 

or high titer (.40 mL/L or .99 percentile) on $2 occasions 

at least 12 weeks apart, and/or lupus anticoagulant present in 

plasma on $2 occasions at least 12 weeks apart. Anticardio-

lipin antibodies titer was measured by a standardized ELISA 

and the presence of lupus anticoagulant was detected using 

the dilute Russell viper venom time.

Women with any of the following criteria were excluded 

from the study: 1) age ,20 or .38 years; 2) early pregnancy 

body weight ,50 or .90 kg; 3) SLE; 4) active thrombo-

embolic disorders; 5) history of previous thromboembolic 

disorders; 6) coexisting hereditary thrombophilia; 7) genetic 

or hormonal cause for pregnancy loss; 8) uterine anomaly or 

malformation that could induce defective placentation, early 

pregnancy loss, or preterm labor, such as uterine septum, 

bicornuate uterus, or unicornuate uterus; 9) uterine myoma 

that could lead to adverse pregnancy events; 10) cervical 

insufficiency; 11) medical condition affecting the pregnancy 

outcome; or 12) known allergy or contraindication to 

LMWH or aspirin.

All eligible participants were requested to report once 

positive pregnancy test was documented. Biochemical preg-

nancy was then confirmed by performing quantitative assay 

of serum beta subunit of human chorionic gonadotropin. 

A written informed consent was taken from each woman 

selected to participate before enrollment. All women partici-

pating in the study were randomly divided at documentation 

of positive pregnancy test into two groups; early LMWH 

initiation group and later LMWH initiation group. The ran-

domization was simple and balanced (1:1) and was carried 

out by a nurse through sealed, unlabeled, opaque envelopes 

containing computer-generated random numbers. The study 

was open label (the participants, caregivers, and investigators 

were not blinded to group assignment).

Women in both groups started aspirin (81 mg/day) before 

conception (in the luteal phase) and continued till 37 weeks 

of gestation. Women in the early LMWH initiation group 

started LMWH therapy once positive pregnancy test was 
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established (in the fifth week of gestation) while women in 

the later LMWH initiation group started LMWH therapy 

after sonographic confirmation of fetal cardiac pulsation 

(in the seventh week of gestation). In both groups, LMWH 

(enoxaparin; Clexane®; Sanofi-Aventis, Paris, France) was 

given in a dose of 40 mg/day subcutaneously and the therapy 

continued until end of pregnancy.

All participants were examined by transvaginal sonog-

raphy (TVS) 2 weeks after positive pregnancy test to docu-

ment clinical intrauterine pregnancy, which was defined as 

presence of at least one intrauterine gestational sac with 

fetal pole and cardiac activity on TVS scan at 6–7 weeks 

of gestation. All women received routine antenatal care and 

supplementations, and were followed up every 2–3 weeks. 

During each follow-up visit, women were interviewed to 

determine the occurrence of vaginal bleeding or any adverse 

event. Ultrasonography was also performed at each follow-up 

visit to document fetal viability and monitor fetal growth 

and well-being. Doppler ultrasound examinations were 

used for fetal surveillance in pregnancies complicated by 

IUGR, gestational hypertension, or preeclampsia. Patients 

who developed gestational hypertension or preeclampsia 

were managed accordingly and antihypertensive drugs were 

administered to control blood pressure. Compliance with 

LMWH was calculated for each participant by dividing the 

number of ampoules actually used by the number of ampoules 

that should have been used.

The primary outcome measure of this study was ongoing 

pregnancy rate and the secondary outcome measures were 

the fetal loss, live birth rate, preterm labor before 34 weeks 

of gestation, IUGR, gestational hypertension, preeclampsia, 

and congenital fetal malformations. Ongoing pregnancy was 

defined as pregnancy that progressed beyond the critical first 

trimester (12 weeks of gestation). Fetal loss was defined as 

unexplained fetal death of morphologically normal fetus 

after the first trimester. Live birth was defined as birth of a 

living fetus after 24 weeks of gestation regardless of gesta-

tional age. The IUGR was defined as estimated fetal weight 

less than the 10th percentile for gestational age. Gestational 

hypertension was defined as development of hypertension 

(SBP .140 mmHg and/or DBP .90 mmHg on two occa-

sions at least 6 hours apart) without proteinuria after 20 weeks 

of gestation. Preeclampsia was defined as development of 

hypertension with pathological proteinuria (protein loss in 

urine of at least 0.3 g/24 hours) after 20 weeks of gestation.

The sample size was calculated using the computer statis-

tical software G*Power 3.1.9.2 (Fisher’s exact test, two-tailed 

significance, alpha error probability =0.05, power =80%, 

allocation ratio for groups =1). The estimation of the sample 

size was based on the previously reported live birth rates, 

which were 84% with administration of LMWH as soon as 

the serum pregnancy test became positive6 and 78% with 

later administration of LMWH (starting before 12 weeks of 

gestation).17 For detection of a small difference (6%) between 

our study groups, a sample size of at least 438 women 

(219 per group) was needed, but recruiting such number of 

participants was time-consuming (~8 years); therefore, we 

decided to enroll 100 participants (50 per group) in our study.

The IBM® SPSS® Statistics, version 20.0 for Windows 

was used for statistical analysis. The Kolmogorov–Smirnov 

and Shapiro–Wilk tests were used to test normality distribu-

tion of continuous variables. Normally distributed continuous 

variables were presented as mean ± SD and the Student’s 

t-test was used to compare between the two studied groups. 

Continuous variables without normal distribution were 

presented as median (minimum and maximum) and the 

Mann–Whitney U test was used to compare between the two 

studied groups. Categorical variables were presented as fre-

quencies and percentages and the Fisher’s exact test was used 

to compare between the two studied groups. P-values #0.05 

were considered statistically significant.

Results
During the period of the study, 286 pregnant women with 

obstetrical APS were assessed for eligibility to participate 

in the study and 100 of them were randomized. Of the 

100 women who were randomized, 4 women in the later 

initiation group did not receive the allocated intervention due 

to absence of fetal cardiac pulsation. These patients, however, 

were included in the analysis as results were reported on 

intention-to-treat basis. There were six women who were lost 

to follow-up from both groups. Data on all relevant outcomes 

were available for 94 women and data were analyzed from 

48 women in the early initiation group and 46 in the later 

initiation group (Figure 1). The demographic characteristics 

and antiphospholipid antibodies status of both groups are 

shown in Table 1.

As expected, the median gestational age at start of LMWH 

treatment was significantly different between the early and 

later initiation groups (4.57 vs 6.71 weeks; P,0.001). No 

significant difference between both groups in the compliance 

with treatment, rates of first and second trimesters bleeding, 

and clinical pregnancy rate. The first trimester miscarriage 

rate was significantly lower in the early initiation group than 

in the later initiation group (18.8% vs 39.1%; P=0.040) and 

consequently, the ongoing pregnancy rate was significantly 
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Figure 1 Study flow diagram.
Abbreviation: lMWH, low-molecular-weight heparin.
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higher in the early initiation group than in the later initiation 

group (81.2% vs 60.9%; P=0.040). No significant difference 

between both groups in the second trimester miscarriage 

rate, gestational age at miscarriage, fetal loss rate, and 

live birth rate (Table 2).

Sixty-one pregnancies progressed beyond 24 weeks of 

gestation (35 in the early initiation group and 26 in the later 

initiation group). No significant difference between both 

groups in these pregnancies in the gestational age at deliv-

ery, and the incidences of preterm delivery before 34 weeks, 

intrauterine fetal death, IUGR, gestational hypertension, 

preeclampsia, and placental abruption (Table 3). There were 

60 live births (34 in the early initiation group and 26 in the 

later initiation group). The neonatal outcomes were similar 

among live births in both groups as shown by comparable 

birth weight, and comparable incidences of neonatal respira-

tory distress syndrome, admission to neonatal intensive care 

unit, the need for mechanical ventilation, and early neonatal 

death (Table 4).

Discussion
The APS is one of the most common and most curable 

causes of recurrent miscarriage. Thrombosis in the pla-

cental bed explains late fetal loss but poorly correlates to 

the early pregnancy loss, which is explained by different 

mechanisms, including poor trophoblastic differentiation, 

invasion and migration, and complement-induced inflam-

matory response in the decidua.18 The later pathogenesis 
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Table 1 Demographic characteristics and antiphospholipid antibodies status

 Early initiation group (n=48) Later initiation group (n=46) P-value

age (years)a 27.77±3.72 28.28±4.32 0.539

BMIb 29.81 (22.94–32.77) 28.51 (20.80–32.79) 0.216

gravidityb 6 (4–10) 5 (4–9) 0.115

nulliparous womenc 21/48 (43.8%) 28/46 (60.9%) 0.105

Previous first trimester miscarriagesb 4 (3–8) 3 (3–7) 0.338

Women with previous second trimester miscarriagesc 8/48 (16.7%) 6/46 (13.0%) 0.774

Women with previous preterm laborc 4/48 (8.3%) 4/46 (8.7%) 1.000

Women with previous fetal lossc 8/48 (16.7%) 5/46 (10.9%) 0.553

Type of positive antiphospholipid antibodiesc    

ACL IgM only 3/48 (6.3%) 2/46 (4.3%) 1.000

ACL IgG only 5/48 (10.4%) 7/46 (15.2%) 0.548

LAC only 22/48 (45.8%) 25/46 (54.3%) 0.536

ACL IgM and IgG 3/48 (6.3%) 2/46 (4.3%) 1.000

ACL IgM and LAC 4/48 (8.3%) 2/46 (4.3%) 0.678

ACL IgG and LAC 5/48 (10.4%) 5/46 (10.9%) 1.000

ACL IgM and IgG and LAC 6/48 (12.5%) 3/46 (6.5%) 0.487

Notes: aexpressed as mean ± sD and P-value was calculated by the t-test. bexpressed as median and range and P-value was calculated by the Mann–Whitney U test. cexpressed 
as frequency and percentage and P-value was calculated by the Fisher’s exact test.
Abbreviations: acl, anticardiolipin; BMI, body mass index; Igg, immunoglobulin g; IgM, immunoglobulin M; lac, lupus anticoagulant.

Table 2 Treatment characteristics and pregnancy outcomes

 Early initiation group (n=48) Later initiation group (n=46) P-value

gestational age at start of treatment (weeks)a 4.57 (4.43–4.86) 6.71 (6.29–6.86) ,0.001

compliance with lMWHa 96.67% (93.18%–100%) 98.46% (91.80%–100%) 0.199

First trimester bleedingb 8/48 (16.7%) 6/46 (13.0%) 0.774

second trimester bleedingb 3/48 (6.3%) 5/46 (10.9%) 0.481

clinical pregnancyb 47/48 (97.9%) 42/46 (91.3%) 0.199

Ongoing pregnancyb 39/48 (81.2%) 28/46 (60.9%) 0.040

First trimester miscarriageb 9/48 (18.8%) 18/46 (39.1%) 0.040

second trimester miscarriageb 4/48 (8.3%) 2/46 (4.3%) 0.678

gestational age at miscarriage (weeks)a 9.43 (6.86–22.57) 8.64 (6.43–21.29) 0.237

Fetal lossb 4/48 (8.3%) 2/46 (4.3%) 0.678

live birthb 34/48 (70.8%) 26/46 (56.5%) 0.198

Notes: aexpressed as median and range and P-value was calculated by the Mann–Whitney U test. bexpressed as frequency and percentage and P-value was calculated by the 
Fisher’s exact test. Bold P-values are statistically significant.
Abbreviation: lMWH, low-molecular-weight heparin.

explains the success of heparin in treatment of recurrent 

early pregnancy loss as it was proved that heparin besides 

its antithrombotic effect, has an anti-inflammatory effect by 

inhibiting complement activation,19 and has a trophic effect 

on the trophoblast in vitro.20

This led to the hypothesis of our study that the earlier 

the start of heparin therapy, the more favorable outcome we 

can get in patients with APS associated with early pregnancy 

losses. In this study, we found a significant reduction in 

early pregnancy loss in the study group where we started 

LMWH therapy once positive pregnancy test was estab-

lished than in women in the control group where LMWH 

therapy was started after sonographic confirmation of fetal 

cardiac pulsation.

There is a stronger association between the presence of 

lupus anticoagulant antibodies and early pregnancy loss.21 In 

our study, there was no significant difference in the frequency 

of lupus anticoagulant antibodies in the study and control 
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Table 3 characteristics and complications among pregnancies progressed beyond 24 weeks

 Early initiation group (n=35) Later initiation group (n=26) P-value

gestational age at delivery (weeks)a 37.71 (28.57–39.14) 38.07 (29.14–39.29) 0.321

Delivery before 34 weeksb 5/35 (14.3%) 4/26 (15.4%) 1.000

IUFDb 1/35 (2.9%) 0/26 (0.0%) 1.000

IUgrb 7/35 (20.0%) 5/26 (19.2%) 1.000

gestational hypertensionb 1/35 (2.9%) 2/26 (7.7%) 0.570

Preeclampsiab 8/35 (22.9%) 7/26 (26.9%) 0.770

Placental abruptionb 3/35 (8.6%) 1/26 (3.8%) 0.629

Notes: aexpressed as median and range and P-value was calculated by the Mann–Whitney U test. bexpressed as frequency and percentage and P-value was calculated by the 
Fisher’s exact test.
Abbreviations: IUFD, intrauterine fetal death; IUgr, intrauterine growth restriction.

Table 4 neonatal outcomes among live births

 Early initiation group (n=34) Later initiation group (n=26) P-value

Birth weight (g)a 2,950 (1,050–3,300) 2,950 (1,150–3,400) 0.535

Birth weight ,1,500 gb 7/34 (20.6%) 6/26 (23.1%) 1.000

Birth weight ,2,500 gb 9/34 (26.5%) 8/26 (30.8%) 0.777

congenital malformationb 0/34 (0.0%) 0/26 (0.0%) 1.000

neonatal rDsb 9/34 (26.5%) 8/26 (30.8%) 0.777

admission to nIcUb 11/34 (32.4%) 10/26 (38.5%) 0.785

Mechanical ventilationb 8/34 (23.5%) 6/26 (23.1%) 1.000

early neonatal deathb 6/34 (17.6%) 4/26 (15.4%) 1.000

Notes: aexpressed as median and range and P-value was calculated by the Mann–Whitney U test. bexpressed as frequency and percentage and P-value was calculated by the 
Fisher’s exact test.
Abbreviations: nIcU, neonatal intensive care unit; rDs, respiratory distress syndrome.

groups, so we suppose that the significant reduction of early 

pregnancy loss in the study group could be attributed to the 

timing of initiation of LMWH therapy rather than to the 

incidence of lupus anticoagulant antibodies in both groups.

In agreement with our hypothesis that earlier intervention 

with LMWH is helpful in decreasing early pregnancy loss, 

Ismail et al22 tested the effect of preconceptional initiation of 

LMWH in patients with APS and recurrent pregnancy loss. 

They found significant reduction in early pregnancy loss 

when daily administration of 40 mg enoxaparin subcutane-

ously plus 81 mg aspirin was started after documentation 

of ovulation. However, preconceptional LMWH initiation 

has a drawback of administration of LMWH to a percent-

age of women who will not be pregnant therefore, we 

preferred to start LMWH administration with the onset of 

biochemical diagnosis of pregnancy to avoid unnecessary 

preconceptional LMWH administration to women who may 

not become pregnant.

We did not find significant difference in late obstetrical 

complications related to antiphospholipid antibodies, such 

as IUGR, intrauterine fetal death, preeclampsia, placental 

abruption, and preterm labor before 34 weeks of gestation. 

This can be attributed to the use of low-dose aspirin in both 

groups, which proved to be helpful in preventing IUGR and 

preeclampsia in patients with APS23 as low-dose aspirin 

stimulates the production of IL-3, a cytokine, which favors 

placental and fetal development.24

The main strength of our study was that it was a ran-

domized study with robust methods of randomizations and 

allocation concealments. The results were also reported on 

intention-to-treat basis and the rate of loss to follow-up was 

within acceptable limits. A limitation of our study was that 

it was not done as a placebo-controlled trial with lack of 

blinding of participants and assessors. We believe, however, 

that this has not led to a significant degree of bias as the 

outcomes assessed were hard clinical outcomes with good 

compliance rates in both groups, which significantly rules out 

the potential for verification and performance bias. Another 

limitation of the study lies in the small sample size, which 

limits the study ability to detect significant differences in 

the outcome of live birth and may have limited the study’s 

power to detect other clinically significant differences in other 

outcomes as preeclampsia and IUGR. Nevertheless, despite 

this limitation, this study has detected a significant difference 

in effect size in relation to reduction of pregnancy losses and 

improvement of ongoing pregnancy with number needed to 
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treat of 5. This will serve as proof of principle foundation 

for initiation of multicenter larger study with larger power.

Conclusion
Early administration of LMWH for pregnant women with 

obstetrical APS reduces early pregnancy loss, but does not 

affect the incidence of late obstetrical complications.

Data sharing statement 
The authors intend to share individual deidentified participant 

data if required. The authors intend to share all collected 

dei dentified data in an excel sheet format. The study proto-

col, the patient consent form, and the Institutional Research 

Board approval document will be made available if required. 

The data will be available by contacting the corresponding 

author (msabdelhafez@gmail.com). The data will be avail-

able forever.
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