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ABSTRACT
The evaluation criteria for dosage of low- molecular- 
weight heparin (LMWH) for pregnant women at 
high risk of venous thromboembolism (VTE) remain 
unclear. A retrospective study was performed 
to investigate the relative appropriate LMWH 
administration strategy and dosage for pregnant 
women at risk of VTE. 219 pregnant women with 
perinatal and postpartum VTE were reviewed and 
divided into group A (fixed dose group: n=73, 
5000 IU dalteparin daily for all women), group B 
(weight group: n=73, 2500 IU dalteparin daily for 
women less than 50 kg; 5000 IU dalteparin daily for 
women more than 50 kg), and group C (anti- factor 
Xa (FXa) + weight group: n=73, 5000 IU once daily 
for women less than 50 kg; 7500 IU once daily for 
women weighing 50–80 kg; 10,000 IU once daily 
for women weighing over 80 kg). Further dose 
administration was adjusted according to peak anti- 
FXa level, maintaining the peak at the 0.5–1.0 IU/
mL range. Women in group C presented lower 
incidence of VTE and other pregnancy complications 
than group A and group B. Adjusting the dosage of 
LMWH according to both weight and anti- FXa level 
of pregnant women not only prevented VTE but also 
reduced the risk of postpartum hemorrhage induced 
by LMWH administration. In addition, adjusting the 
dose of LMWH according to anti- FXa level and body 
weight also affected the recurrence of VTE and the 
occurrence of postpartum hemorrhage in pregnant 
women.

INTRODUCTION
Obstetrics- related venous thromboembolism 
(VTE) has been listed as one of the most fatal 
and common pregnancy complications. It is 
estimated to account for 9.3% of maternal 
morbidity and mortality in the USA from 2006 
to 2008.1–3 Due to acquired pregnancy throm-
bosis and its possible development into pulmo-
nary embolism (PE) or deep vein thrombosis 
(DVT), the perinatal and postpartum maternal 
mortality caused by VTE is more than five 
times higher than other complications such as 
hydatidiform mole, miscarriage, and premature 
delivery.4 5 Therefore, it is urgent to identify 
a more efficient strategy for prophylaxis and 
management of VTE.

The deceptive and atypical initial symptoms 
of VTE, such as hyperemia, dyspnea, limb 
edema, or bulb pain, are common in pregnancy 
and puerperium, which therefore often lead to 
uncertain diagnosis and delayed treatment.6–8 
Moreover, women with a history of VTE are 
around 2–10 times more likely to suffer from 
VTE than non- pregnant women.9 To prevent 
the recurrence of VTE, low- molecular- weight 
heparin (LMWH) with a fixed prophylactic 
and intermediate dose has been recommended 
as pregnancy and postpartum thrombopro-
phylaxis by the American College of Chest 
Physicians (ACCP) guidelines.10 11 Accumu-
lating evidence has demonstrated that incorrect 
usage of anticoagulant drugs increases the risk 
of severe bleeding and recurrence of thrombo-
embolism.12–14 An evaluating strategy should 
be established to adjust the dose of LMWH 
precisely for patients at high risk of VTE.

Among all the factors, alterations in anti- 
factor Xa (FXa) level and body weight play 
crucial roles in the pharmacodynamics and phar-
macokinetics of LMWH in pregnant women 
at high risk of VTE.15 It has been reported 

Significance of this study

What is already known about this subject?
 ► The evaluation criteria for dosage of low- 
molecular- weight heparin (LMWH) for 
pregnant women at high risk of venous 
thromboembolism (VTE) remain unclear.

What are the new findings?
 ► Women in group C presented lower 
incidence of VTE and other pregnancy 
complications than group A and group B.

 ► Adjusting the dosage of LMWH according 
to both weight and anti- factor Xa level 
of pregnant women not only prevented 
VTE but also reduced the risk of 
postpartum hemorrhage induced by LMWH 
administration.

How might these results change the focus 
of research or clinical practice?

 ► Current studies are rather limited and more 
comprehensive clinical trials need to be 
done to confirm their findings.
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that anti- FXa in the serum functions as a biomarker to 
evaluate the satisfactoriness of thromboprophylaxis in 
patients.16 17 However, current studies are rather limited 
and more comprehensive clinical trials need to be done to 
confirm their findings.

MATERIALS AND METHODS
Participants and procedure
From 2015 to 2018, pregnant women at higher risk of VTE 
at Tianjin First Center Hospital were reviewed in order to 
demonstrate that correcting the dosage of LMWH based on 
anti- FXa level and weight synchronously and significantly 
reduced the frequency of VTE in women with thrombo-
philia. All patients participating in the study had signed 
informed consent. The inclusion criteria and exclusion 
criteria are presented in online supplemental table S1.

Intervention
There were three groups in the study, with 73 participants 
per group. The experimental procedure can be found in 
online supplemental figure S1. Women in the control group 
(group A) were given a fixed dose (5000 IU) of dalteparin 
once daily until delivery despite variations in their weight 
and anti- FXa level. Pregnant women in the weight group 
(group B) were given a dosage of dalteparin according to 
their weight: those weighing less than 50 kg were given 
2500 IU dalteparin once a day, those weighing between 
50 kg and 80 kg were given 5000 IU dalteparin per day, 
and those weighing over 80 kg were given 7500 IU dalte-
parin per day. Women in the anti- FXa and weight group 
(group C) were given a dosage of dalteparin according to 
the anti- FXa level as well as body weight. Initially, dose 
administration of dalteparin was given according to body 
weight in the following manner: 5000 IU once daily for 
women weighing less than 50 kg; 7500 IU once daily for 
women weighing 50–80 kg; and 10,000 IU once daily for 
women weighing over 80 kg. Further dose administration 
was adjusted according to the peak anti- FXa level, main-
taining the peak (2 hours after dosing) in the 0.5–1.0 IU/mL 
range. Blood samples were obtained from all women at 2 
and 4 hours after each injection. The level of anti- FXa was 
examined by an automatic fluorescence analysis kit (Amer-
ican Type Culture Collection, Manassas, Virginia, USA) 
and the corresponding LMWH level was then calculated 
by the IL Coagulator System (Invitrogen Life Technolo-
gies, Carlsbad, California, USA). Blood samples of women 
in this group were collected and tested every 6 hours after 
injection and the computer system then calculated the 
dosage of dalteparin for the next injection. In addition, all 
tests were performed by professionally trained personnel 
at Tianjin First Center Hospital to maintain consistency in 
test results.

We stopped giving medication to pregnant women before 
delivery, 24 hours ahead of schedule. LMWH adminis-
tration was resumed within 12–24 hours after delivery. 
All prenatal and postnatal care of pregnant women were 
performed according to standards, except for drug admin-
istration and dosage. All pregnant women received daily 
injections at the same time in a blind fashion. Participants in 
group A and group B were given saline injections.

Primary outcomes
The primary outcomes were the preventive effects of various 
modes of administration against VTE. Anti- factor Xa levels 
were recorded and stratified into therapeutic (<0.6), 
subtherapeutic (0.6–1.0), or supratherapeutic (>1.0). The 
fraction of women within each level was compared at three 
timepoints (antepartum, 1 week post partum, and 6 weeks 
post partum). Early recurrence of VTE was defined as 
occurrence of DVT or PE symptoms during the period of 
pregnancy and the first 6 weeks after delivery. Late recur-
rence of VTE was defined as recurrence of VTE or throm-
bophlebitis 3 months after delivery.

Secondary outcomes
The secondary outcomes were hemorrhagic pregnancy 
complications such as mixed hemorrhage, clinically rele-
vant bleeding, early postpartum hemorrhage (within 24 
hours post partum), late postpartum hemorrhage (within 
6 weeks post partum), and obstetric spinal epidural hema-
toma. Hemorrhage was defined based on the International 
Society on Thrombosis and Haemostasis criteria.18

Baseline ultrasonography
All pregnant women with a history of DVT were required to 
be examined by ultrasonography to identify whether there 
was residual thrombus located in their deep veins. Baseline 
ultrasonography excluded the effects of previously formed 
thrombus to the final results.

Statistical analysis
The demographic and obstetrical characteristics and base-
line data, including age, ethnicity, body mass index (BMI), 
and anti- FXa, of participants were collected and analyzed. 
If χ2 or Fisher’s exact test was used, at least 214 partic-
ipants were required to provide a significance of 95% 
(alpha=0.05) and a power of 80% (beta=0.2). Assuming 
that the number of participants lost to follow- up was close 
to zero throughout the process, we did not need to adjust 
the sample size. Two hundred and seventeen participants 
were recruited to participate in our clinical trial. Catego-
rized variables were expressed as frequency or percentage, 
and continuous variables were expressed as mean and SD. 
χ2 test or Fisher’s exact test was used to compare the clas-
sification variables. Since group A and group B, group A 
and group C, and group B and group C were compared 
separately, the correction of the χ2 test was recalculated 
for the level of significance. We used analysis of variance 
to analyze continuous variables, and an χ2 test contingency 
table was constructed to compare the outcomes among the 
different groups. Statistical analysis was done using SAS 
V.9.3 software.

RESULTS
Flow chart of the research
As shown in figure 1, we assessed a total of 256 eligible 
pregnant women in this study. Except for 37 women who 
were excluded at the beginning of the study, the remaining 
219 pregnant women joined the next stage of our trial. They 
were divided equally into three groups, with 73 participants 
per group: control group, weight group, and anti- FXa/
weight group. Finally, 72 in the control group, 72 in the 
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anti- FXa group, and 73 pregnant women in the anti- FXa/
weight group received more than 80% of the LMWH 
treatment using different administration modes and were 
included in the overall statistics and analysis.

Demographic and obstetrical data of participants
As shown in table 1, there were no significant differences 
in the demographic and obstetrical characteristics and 
baseline data, including age, ethnicity, BMI, and anti- FXa 
level examinations, among the three groups. The number 
of patients with anti- FXa level <0.2 IU/mL was also similar 
among these groups: 15 (20.8%) in the control group, 
13 (18.1%) in the weight group, and 17 (23.3%) in the 
anti- FXa/weight group.

Thrombophilia type and prior pregnancy complications 
among the participants
As shown in table 2, prior placenta- mediated pregnancy 
complications were not significantly different among the 
three groups. Factor V mutation and pregnancy loss ranked 

as the two most common pregnancy complications among 
the investigated women in the three groups.

Obstetric outcomes in the different groups
Compared with group A (55.6%) and group B (61.1%), 
more women in group C (79.5%) had an expected peak 
anti- FXa level (0.6–1.0 IU/mL) before delivery. Of the preg-
nant women in group C, 46 (63.0%) reached the expected 
peak level of anti- FXa within the treatment range, compared 
with 34 (47.2%) in group A and 34 (47.2%) in group B, 
within 1 week after delivery (table 3). There was statistical 
difference in the percentage of thromboembolism, throm-
bophlebitis, and postpartum hemorrhage (table 4) after 
pregnant women were treated with LMWH in different 
administration modes. Nine (12.5%) women in the control 
group were diagnosed with thrombophlebitis, while in the 
weight group and the anti- FXa/weight group four (5.6%) 
and five (6.8%) women, respectively, suffered from the 
same complication (p=0.015 and p=0.013). In all patients, 
heparin administration was either changed or adjusted 
based on their anti- FXa/weight. After this, we could see that 
the average anti- FXa level of patients returned to normal. 
Similarly, five (6.9%) women in the control group devel-
oped postpartum hemorrhage, but only one (1.4%) and no 
woman had the same complication in the other two groups 
(p=0.014 for group A vs group B; p=0.006 for group A 
vs group C). In total, there were three patients in group 
A, one patient in group B, and zero in group C with VTE. 
There were five patients in group A, one patient in group 
B, and zero in group C with postpartum hemorrhage. There 
were seven patients in group A, ten patients in group B, 
and five patients in group C with pre- eclampsia. A bleeding 
volume of more than 500 mL within 24 hours after delivery 
was regarded as postpartum hemorrhage. In this study, all 
women with postpartum hemorrhage had a bleeding volume 
of 500–1000 mL within 24 hours after delivery. This result 
suggested that adjusting the dosage of LMWH according to 

Figure 1 Flow chart of the study. Anti- FXa, anti- factor Xa.

Table 1 Demographic and obstetrical data of the participants

Group A
n=72

Group B
n=72

Group C
n=73 P value

Maternal age, years 30.8±6.5 29.7±6.4 31.1±5.7 0.437

Maternal age >35 years 14 (19.4) 16 (22.2) 17 (23.3) 0.163

Ethnicity

  Han 69 (95.8) 68 (94.4) 71 (97.3) 0.532

  Others 3 (4.2) 4 (5.6) 2 (2.7) 0.613

Pregestational body 
mass index (kg/m2)

26.5 (4.3) 27.8 (4.7) 27.0 (5.0) 0.559

Cigarette smoker 9 (12.5) 10 (13.9) 7 (9.5) 0.370

Primiparous (first birth) 8 (11.1) 5 (6.9) 7 (9.6) 0.421

Anti- factor Xa level 2.4±0.6 2.3±0.5 2.1±0.8 0.392

Group A: fixed dose group; group B: weight group; group C: anti- FXa+weight group.
FXa, factor Xa.
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both weight and anti- FXa could not only prevent VTE but 
also decrease the incidence rate of postpartum hemorrhage 
induced by LMWH usage among pregnant women.

Obstetric outcomes of participants in different groups 
undergoing cesarean section
Similar to the results shown in table 4, the recurrence of 
both postpartum thromboembolism (p<0.001 for group 

A vs group C; p=0.015 for group B vs group C) and 
hemorrhage (p=0.002 for group A vs group C; p=0.015 
for group B vs group C) were lower in women during the 
cesarean section (table 5). The number of patients who 
suffered from these complications also decreased, and there 
was statistical difference between the weight group and 
the weight/anti- FXa group, suggesting that adjusting the 
dosage of LMWH according to both weight and anti- FXa 

Table 2 Thrombophilia type and prior pregnancy complications among the participants

Group A
n=72

Group B
n=72

Group C
n=73 P value

Type of thrombophilia

  Factor V mutation (homozygote) 9 (12.5) 12 (16.7) 10 (13.7) 0.321

  Factor V mutation (heterozygote) 35 (48.6) 44 (61.1) 40 (54.8) 0.455

  Prothrombin mutation (homozygote) 4 (5.6) 7 (9.7) 8 (11.0) 0.482

  Prothrombin mutation (heterozygote) 8 (11.1) 6 (8.3) 9 (12.3) 0.174

  Antithrombin III deficiency 2 (2.8) 1 (1.4) 1 (1.4) 0.464

  Protein S deficiency 6 (8.3) 8 (11.1) 7 (9.6) 0.506

  Protein C deficiency 1 (1.4) 0 (0) 1 (1.4) 0.543

  Antiphospholipid antibody 14 (19.4) 11 (15.3) 13 (17.8) 0.367

High- risk thrombophilia 19 (26.4) 23 (31.9) 25 (34.2) 0.498

Prior pregnancy complications

  Pregnancy losses 35 (48.6) 36 (50.0) 26 (35.6) 0.273

   Before 13 weeks 19 (26.4) 14 (19.4) 15 (20.5) 0.412

   Between 14 and 22 weeks 12 (16.7) 16 (22.2) 9 (12.3) 0.446

   After 23 weeks (intrauterine fetal death) 4 (5.6) 6 (8.3) 2 (2.7) 0.276

  Severe pre- eclampsia 8 (11.1) 13 (18.1) 7 (9.6) 0.221

   Late severe 8 (11.1) 11 (15.3) 6 (8.2) 0.408

   Early severe (<34 weeks) 0 (0) 2 (2.8) 1 (1.4) 0.327

  Placental abruption 10 (13.9) 15 (20.8) 13 (17.8) 0.245

  Deep vein thrombosis 6 (8.3) 8 (11.1) 8 (11.0) 0.280

Data are expressed as n (%).
High- risk thrombophilia is defined as increase in coagulation factors (Ⅰ, Ⅱ, Ⅶ, Ⅷ, Ⅸ, Ⅻ), decrease in protein C activity and protein S, and inhibition of 
fibrinolytic protein lysis.
Group A: fixed dose group; group B: weight group; group C: anti- FXa+weight group.
FXa, factor Xa.

Table 3 Anti- FXa peak level among the participants measured antepartum, 1 week post partum and 6 weeks post partum

Group A
n=72

Group B
n=72

Group C
n=73 A vs B A vs C B vs C

Anti- FXa peak level

  Antepartum 0.359 0.037 0.046

   Subtherapeutic (<0.6) 25 (34.7) 20 (27.8) 9 (12.3)

   Therapeutic (0.6–1.0) 40 (55.6) 44 (61.1) 58 (79.5)

   Supratherapeutic (>1.0) 7 (9.7) 8 (11.1) 6 (8.2)

  1 week post partum 0.297 0.021 0.026

   Subtherapeutic (<0.6) 27 (37.5) 29 (40.3) 13 (17.8)

   Therapeutic (0.6–1.0) 34 (47.2) 34 (47.2) 46 (63.0)

   Supratherapeutic (>1.0) 11 (15.3) 9 (12.5) 14 (19.2)

  6 weeks post partum 0.266 0.018 0.107

   Subtherapeutic (<0.6) 22 (30.6) 16 (22.2) 10 (13.7)

   Therapeutic (0.6–1.0) 42 (58.3) 47 (65.3) 57 (78.1)

   Supratherapeutic (>1.0) 8 (11.1) 9 (12.5) 6 (8.2)

Data are expressed as n (%).
Data in bold indicates significant difference.
Group A: fixed dose group; group B: weight group; group C: anti- FXa+weight group.
FXa, factor Xa.
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level might be more crucial for protecting women during 
cesarean section.

DISCUSSION
VTE has become a leading cause of maternal and perinatal 
death19 20 and has become a global health threat to women 
and infants.21 22 In addition, around 30% of cases of VTE 
are accompanied with PE.23 24 LMWH with a fixed dosage 
is commonly recommended as a thromboprophylaxis by 
the ACCP guidelines: either a prophylactic or intermediate 
(half therapeutic) dose.25 It has been reported that treating 
patients with LMWH in a conservative manner may lead to 
an increase in other pregnancy complications, such as post-
partum hemorrhage and maternal thrombophlebitis.14 26 27

LMWH can enhance the activity of anti- FXa and 
thus promote the enzyme activity of antithrombin III to 
inhibit coagulation and promote thrombolysis.28 29 The 
dosage of heparin to treat VTE in pregnant women must 
be rather precisely controlled due to its potential risk for 
hemorrhage.30

The distinguished effect of preventing thromboembolism 
in pregnant women has been reported widely. For instance, 
in a clinical trial including 284 pregnant women, 6% (95% 
CI 1.6% to 10.9%) of pregnant women in the control group 
ended up with VTE without treatment of LMWH during 
their pregnancy. On the other hand, there was no one in 
the LMWH- treated group who suffered from pregnancy 
complications such as VTE, deep VTE, or PE.31 Another 
retrospective study recruited 252 pregnant women and 

Table 4 Obstetric outcomes of the different groups

Group A
n=72

Group B
n=72

Group C
n=73 A vs B A vs C B vs C

Primary outcomes

Thromboembolism

  Antepartum 0 (0.0) 0 (0.0) 0 (0.0) – – –

  6 weeks post partum 3 (4.2) 1 (1.4) 0 (0.0) 0.104 0.012 0.495

  3 months post partum 0 (0.0) 0 (0.0) 0 (0.0) – – –

Anti- factor Xa level

  Right after delivery 0.23±0.08 0.25±0.09 0.32±0.12 0.179 0.019 0.027

  6 weeks post partum 0.28±0.11 0.29±0.09 0.45±0.13 0.358 0.011 0.013

  3 months post partum 0.49±0.11 0.47±0.13 0.55±0.15 0.223 0.297 0.314

Thrombophlebitis 9 (12.5) 4 (5.6) 5 (6.8) 0.015 0.013 0.445

Secondary outcomes

Spontaneous abortion 0 (0.0) 2 (2.8) 0 (0.0) 0.514 – 0.496

Intrauterine fetal death (>23 weeks) 0 (0.0) 0 (0.0) 0 (0.0) – – –

Gestational age at delivery, weeks

  Delivery <37 weeks 7 (9.7) 10 (13.9) 8 (11.0) 0.281 0.466 0.356

  Delivery >37 weeks 65 (90.3) 60 (83.3) 65 (89.0) 0.304 0.389 0.355

Placental abruption 4 (5.6) 1 (1.4) 1 (1.4) 0.210 0.307 0.769

Pre- eclampsia 7 (9.7) 10 (13.9) 5 (6.8) 0.580 0.393 0.282

  Mild 5 (6.9) 6 (8.3) 3 (4.1) 0.368 0.375 0.276

  Late severe 2 (2.8) 4 (5.6) 2 (2.7) 0.464 0.625 0.374

  Early severe (<34 weeks) 0 (0.0) 0 (0.0) 0 (0.0) – – –

Postpartum hemorrhage 5 (6.9) 1 (1.4) 0 (0.0) 0.014 0.006 0.495

  Within 24 hours 3 (4.2) 1 (1.4) 0 (0.0) 0.176 0.021 0.406

  Within 6 weeks 2 (2.8) 0 (0.0) 0 (0.0) 0.532 0.469 –

SEH 1 (1.4) 0 (0.0) 0 (0.0) 0.773 0.635 –

Mode of delivery

  Vaginal 55 (76.5) 51 (70.8) 59 (81.2) 0.611 0.498 0.680

  Cesarean 17 (23.6) 19 (26.4) 14 (19.2) 0.473 0.321 0.304

Neonatal birth weight, g 3017.5±459 2976.4±672 3135.4±327 0.320 0.306 0.403

Neonatal birth weight <2500 g 9 (12.5) 11 (15.3) 7 (9.6) 0.495 0.410 0.372

Dalteparin side effects

  Bleeding 0 (0.0) 0 (0.0) 0 (0.0) – – –

  Thrombocytopenia 0 (0.0) 0 (0.0) 0 (0.0) – – –

  Thrombotic episodes 0 (0.0) 0 (0.0) 0 (0.0) – – –

  Skin allergy 0 (0.0) 0 (0.0) 0 (0.0) – – –

Data are expressed as n (%), except for neonatal birth weight which is expressed as mean±SD.
Data in bold indicates significant difference.
Group A: fixed dose group; group B: weight group; group C: anti- FXa+weight group.
FXa, factor Xa; SEH, obstetric spinal epidural hematoma.
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reached similar conclusions: in the control group, 8 out of 
199 pregnant women had severe VTE or PE during preg-
nancy and postpartum period (4%; 95% CI 2.05 to 7.73); in 
contrast, of 53 pregnant women, only 1 received additional 
treatment with LMWH during pregnancy and postpartum 
period and had VTE (1.9%; 95% CI 0.34 to 10.12).32 
Compared with their findings, our clinical trial also iden-
tified that treatment with LMWH during pregnancy could 
decrease the recurrence of VTE in pregnant women. In addi-
tion, we also discovered that a proper dosage of LMWH 
led to decreased risk of postpartum hemorrhage instead of 
just promoting thrombolytic effect. Our data indicated that 
treatment with an appropriate dosage of LMWH could not 
only inhibit the recurrence of VTE in pregnant women with 
prior placenta- mediated pregnancy complications, but also 
facilitate the balance between coagulation and anticoagula-
tion systems during pregnancy.

On the other hand, there are also some researchers who 
insist that LMWH has little effect on the prevention of 
VTE in pregnant women. For instance, in a cohort clinical 
trial involving 270 pregnant women with prior placenta- 
mediated pregnancy complications, the number of women 
who suffered from VTE and other pregnancy complications 
was 0 (95% CI 0% to 1.4%), and there was no statistical 
relationship between treatment with LMWH and recur-
rence of VTE.33 In addition, in a randomized and controlled 
clinical trial performed in 2016, the authors recruited 
144 women at high risk of recurrent VTE and divided them 
into two groups, treating them with either a fixed dose or 
adjusting the dose of LMWH according to anti- FXa level. 
There was no significant difference in morbidity of VTE, 
DVT, and PE in the two groups, leading to the conclusion 
that treatment with LMWH could not reduce the recur-
rence of pregnancy complications.33 Compared with their 
research, we recruited more participants in our clinical trial 
and designed the groups based on a novel criterion.

Previous research has reported that COVID- 19 caused 
a large number of thrombosis cases.34 35 Accumulating 
evidence has shown that COVID- 19 is an important factor 

that causes thrombosis in pregnant women,36 whereas 
potential treatment that involves inhibitors targeting the 
virus bears unknown risks especially in pregnant women.37 
Abnormalities in the vascular endothelium, endothelial 
dysfunction, activation of the renin- angiotensin- aldosterone 
system, and platelet function abnormalities contribute to 
thrombogenesis in patients with COVID- 19.38 It has been 
reported that LMWH is also a crucial agent in the treat-
ment of thromboprophylaxis in pregnant women.38 39 We 
hope our research can help clinicians better customize 
the drug concentration of LMWH for pregnant women 
with COVID- 19. By considering the patient’s weight and 
anti- FXa level together, clinicians can improve LMWH’s 
treatment efficiency in thrombosis and reduce treatment- 
associated risk in pregnant women with COVID- 19.

Due to limited resources and time, only 219 patients 
were included in this study and the small number of partici-
pants might affect the accuracy of the results. A multicenter 
study could further verify our results and we are trying to 
extend our research to other hospitals. Second, we mainly 
identified weight and anti- FXa level as the two crucial 
factors in determining the dosage of LMWH for pregnant 
women at high risk of VTE, while many other factors could 
also be used to more accurately plan the dosage of LMWH, 
warranting further study on this topic.

CONCLUSION
In conclusion, our research has confirmed that a specific 
dose of LMWH can be used as a preventive strategy for 
pregnant women at high risk of VTE. Adjusting the dosage 
of LMWH according to both the weight and the anti- FXa 
level of pregnant women could not only prevent VTE but 
also inhibit postpartum hemorrhage. There were more 
women in group C whose anti- FXa peak levels were within 
therapeutic range (0.6–1.0 IU/mL) antepartum, 1 week 
post partum and 6 weeks post partum. The weight and the 
anti- FXa level of pregnant women can be used to determine 
individualized dose of LMWH for VTE treatment.

Table 5 Obstetric outcomes of participants in different groups undergoing cesarean section

Group A
n=17

Group B
n=19

Group C
n=14 A vs B A vs C B vs C

Thromboembolism

  6 weeks post partum 2 (11.8) 1 (5.3) 0 (0.0) 0.075 <0.001 0.015

  3 months post partum 0 (0.0) 0 (0.0) 0 (0.0) – – –

Thrombophlebitis 6 (35.3) 3 (15.8) 2 (14.3) 0.064 0.032 0.378

Postpartum hemorrhage 4 (23.5) 1 (5.3) 0 (0.0) 0.017 0.002 0.015

  Within 24 hours 3 (17.6) 1 (5.3) 0 (0.0) 0.019 0.003 0.015

  Within 6 weeks 1 (5.9) 0 (0.0) 0 (0.0) 0.124 0.096 –

SEH 1 (5.9) 0 (0.0) 0 (0.0) 0.124 0.096 –

Dalteparin side effects

  Bleeding 0 (0.0) 0 (0.0) 0 (0.0) – – –

  Thrombocytopenia 0 (0.0) 0 (0.0) 0 (0.0) – – –

  Thrombotic episodes 0 (0.0) 0 (0.0) 0 (0.0) – – –

  Skin allergy 0 (0.0) 0 (0.0) 0 (0.0) – – –

Data are expressed as n (%).
Data in bold indicates significant difference.
Group A: fixed dose group; group B: weight group; group C: anti- FXa+weight group.
FXa, factor Xa; SEH, obstetric spinal epidural hematoma.

 on A
pril 2, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-002050 on 17 D
ecem

ber 2021. D
ow

nloaded from
 



779Xiao S, et al. J Investig Med 2022;70:773–779. doi:10.1136/jim-2021-002050

Original research

Contributors SX: literature search, study design, data collection, data 
analysis and data interpretation. YL and LG: study design, data collection, 
data analysis, data interpretation and figures. JZ: study design, data collection, 
data interpretation and figures. LM: study design and data collection. ZY: 
study design, data analysis and data interpretation, guarantor. All authors 
contributed to drafting the article or revising it critically for important 
intellectual content.

Funding The authors have not declared a specific grant for this research from 
any funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The study was fully approved by the Tianjin First Center 
Hospital (TFCH- lcyj- 072).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising from translation 
and adaptation or otherwise.

ORCID iD
Zhao Ye http://orcid.org/0000-0002-0710-2873

REFERENCES
 1 Bates SM, Greer IA, Pabinger I, et al. Venous thromboembolism, thrombophilia, 

antithrombotic therapy, and pregnancy: American College of chest 
physicians evidence- based clinical practice guidelines (8th edition). Chest 
2008;133:844S–86.

 2 Bates SM, Greer IA, Middeldorp S, et al. VTE, thrombophilia, antithrombotic 
therapy, and pregnancy: antithrombotic therapy and prevention of thrombosis, 
9th ED: American College of chest physicians evidence- based clinical practice 
guidelines. Chest 2012;141:e691S–736.

 3 Liu S, Rouleau J, Joseph KS, et al. Epidemiology of pregnancy- associated 
venous thromboembolism: a population- based study in Canada. J Obstet 
Gynaecol Can 2009;31:611–20.

 4 Rodie VA, Thomson AJ, Stewart FM, et al. Low molecular weight heparin for 
the treatment of venous thromboembolism in pregnancy: a case series. BJOG 
2002;109:1020–4.

 5 Casele HL, Laifer SA, Woelkers DA, et al. Changes in the pharmacokinetics of 
the low- molecular- weight heparin enoxaparin sodium during pregnancy. Am J 
Obstet Gynecol 1999;181:1113–7.

 6 Kearon C, Gent M, Hirsh J, et al. A comparison of three months of 
anticoagulation with extended anticoagulation for a first episode of idiopathic 
venous thromboembolism. N Engl J Med Overseas Ed 1999;340:901–7.

 7 Jacobsen AF, Qvigstad E, Sandset PM. Low molecular weight heparin 
(dalteparin) for the treatment of venous thromboembolism in pregnancy. BJOG 
2003;110:139–44.

 8 Schäfer A, Bonz AW, Eigenthaler M, et al. Late thrombosis of a drug- eluting 
stent during combined anti- platelet therapy in a clopidogrel nonresponsive 
diabetic patient: shall we routinely test platelet function? Thromb Haemost 
2007;97:862–5.

 9 James AH, Jamison MG, Brancazio LR, et al. Venous thromboembolism during 
pregnancy and the postpartum period: incidence, risk factors, and mortality. 
Am J Obstet Gynecol 2006;194:1311–5.

 10 Heit JA, Kobbervig CE, James AH, et al. Trends in the incidence of venous 
thromboembolism during pregnancy or postpartum: a 30- year population- 
based study. Ann Intern Med 2005;143:697–706.

 11 Kher A, Bauersachs R, Nielsen JD. The management of thrombosis in 
pregnancy: role of low- molecular- weight heparin. Thromb Haemost 
2007;97:505–13.

 12 de Boer K, ten Cate JW, Sturk A, et al. Enhanced thrombin generation in normal 
and hypertensive pregnancy. Am J Obstet Gynecol 1989;160:95–100.

 13 Rodger MA, Hague WM, Kingdom J, et al. Antepartum dalteparin versus 
no antepartum dalteparin for the prevention of pregnancy complications 

in pregnant women with thrombophilia (TIPPS): a multinational open- label 
randomised trial. Lancet 2014;384:1673–83.

 14 Wiener- Megnagi Z, Ben- Shlomo I, Goldberg Y, et al. Resistance to activated 
protein C and the Leiden mutation: high prevalence in patients with abruptio 
placentae. Am J Obstet Gynecol 1998;179:1565–7.

 15 Salim R, Nachum Z, Gavish I, et al. Adjusting enoxaparin dosage according to 
anti- FXa levels and pregnancy outcome in thrombophilic women. A randomised 
controlled trial. Thromb Haemost 2016;116:687–95.

 16 Vahtera A, Vaara S, Pettilä V, et al. Plasma anti- FXa level as a surrogate marker 
of the adequacy of thromboprophylaxis in critically ill patients: a systematic 
review. Thromb Res 2016;139:10–16.

 17 Hillarp A, Strandberg K, Baghaei F, et al. Effects of the oral, direct factor Xa 
inhibitor edoxaban on routine coagulation assays, lupus anticoagulant and 
anti- Xa assays. Scand J Clin Lab Invest 2018;78:575–83.

 18 Schulman S, Angerås U, Bergqvist D, et al. Definition of major bleeding in 
clinical investigations of antihemostatic medicinal products in surgical patients. 
J Thromb Haemost 2010;8:202–4.

 19 Gherman RB, Goodwin TM, Leung B, et al. Incidence, clinical characteristics, 
and timing of objectively diagnosed venous thromboembolism during 
pregnancy. Obstet Gynecol 1999;94:730–4.

 20 Nelson- Piercy C. Hazards of heparin: allergy, heparin- induced 
thrombocytopenia and osteoporosis. Baillieres Clin Obstet Gynaecol 
1997;11:489–509.

 21 Khan KS, Wojdyla D, Say L, et al. WHO analysis of causes of maternal death: a 
systematic review. Lancet 2006;367:1066–74.

 22 Berg CJ, Atrash HK, Koonin LM, et al. Pregnancy- related mortality in the United 
States, 1987- 1990. Obstet Gynecol 1996;88:161–7.

 23 Lindqvist PG, Bremme K, Hellgren M, et al. Efficacy of obstetric 
thromboprophylaxis and long- term risk of recurrence of venous 
thromboembolism. Acta Obstet Gynecol Scand 2011;90:S123–4.

 24 Lindqvist P, Dahlbäck B, Marŝál K. Thrombotic risk during pregnancy: a 
population study. Obstet Gynecol 1999;94:595–9.

 25 Chunilal SD, Bates SM. Venous thromboembolism in pregnancy: diagnosis, 
management and prevention. Thromb Haemost 2009;101:428–38.

 26 Kupferminc MJ. Increased frequency of genetic thrombophilia in women with 
complications of pregnancy (vol 340, pg 9, 1999). New England Journal of 
Medicine 1999;341:384.

 27 Greer IA, Nelson- Piercy C. Low- molecular- weight heparins for 
thromboprophylaxis and treatment of venous thromboembolism in pregnancy: 
a systematic review of safety and efficacy. Blood 2005;106:401–7.

 28 Middeldorp S. Thrombosis in women: what are the knowledge gaps in 2013? J 
Thromb Haemost 2013;11:180–91.

 29 de Jong PG, Goddijn M, Middeldorp S. Antithrombotic therapy for pregnancy 
loss. Hum Reprod Update 2013;19:656–73.

 30 Schindewolf M, Gobst C, Kroll H, et al. High incidence of heparin- induced 
allergic delayed- type hypersensitivity reactions in pregnancy. J Allergy Clin 
Immunol 2013;132:131–9.

 31 Brill- Edwards P, Ginsberg JS, Gent M, et al. Safety of withholding heparin in 
pregnant women with a history of venous thromboembolism. recurrence of clot 
in this pregnancy Study Group. N Engl J Med 2000;343:1439–44.

 32 Lazo- Langner A, Al- Ani F, Weisz S, et al. Prevention of venous 
thromboembolism in pregnant patients with a history of venous 
thromboembolic disease: a retrospective cohort study. Thromb Res 
2018;167:20–5.

 33 Rodger M. Pregnancy and venous thromboembolism: ’TIPPS’ for risk 
stratification. Hematology Am Soc Hematol Educ Program 2014;2014:387–92.

 34 Di Renzo GC, Giardina I. Coronavirus disease 2019 in pregnancy: consider 
thromboembolic disorders and thromboprophylaxis. Am J Obstet Gynecol 
2020;223:135.

 35 Qiu Y, Xu K. Functional studies of the coronavirus nonstructural proteins. 
STEMedicine 2020;1:e39.

 36 Kadir RA, Kobayashi T, Iba T, et al. COVID-19 coagulopathy in pregnancy: 
Critical review, preliminary recommendations, and ISTH registry—
Communication from the ISTH SSC for Women’s Health. Journal of Thrombosis 
and Haemostasis2020;18:3086–98.

 37 Shu C, Huang X, Huang T, et al. Potential inhibitors for targeting Mpro and 
spike of SARS- CoV- 2 based on sequence and structural pharmacology analysis. 
STEMedicine 2020;1:e41.

 38 Benhamou D, Keita H, Ducloy- Bouthors AS, et al. Coagulation changes and 
thromboembolic risk in COVID- 19 obstetric patients. Anaesth Crit Care Pain 
Med 2020;39:351–3.

 39 D’Souza R, Malhamé I, Teshler L, et al. A critical review of the pathophysiology 
of thrombotic complications and clinical practice recommendations for 
thromboprophylaxis in pregnant patients with COVID- 19. Acta Obstet Gynecol 
Scand 2020;99:1110–20.

 on A
pril 2, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-002050 on 17 D
ecem

ber 2021. D
ow

nloaded from
 

http://orcid.org/0000-0002-0710-2873
http://dx.doi.org/10.1378/chest.08-0761
http://dx.doi.org/10.1378/chest.11-2300
http://dx.doi.org/10.1016/S1701-2163(16)34240-2
http://dx.doi.org/10.1016/S1701-2163(16)34240-2
http://dx.doi.org/10.1111/j.1471-0528.2002.01525.x
http://dx.doi.org/10.1016/S0002-9378(99)70091-8
http://dx.doi.org/10.1016/S0002-9378(99)70091-8
http://dx.doi.org/10.1056/NEJM199903253401201
http://dx.doi.org/10.1046/j.1471-0528.2003.02182.x
http://www.ncbi.nlm.nih.gov/pubmed/17479199
http://dx.doi.org/10.1016/j.ajog.2005.11.008
http://dx.doi.org/10.7326/0003-4819-143-10-200511150-00006
http://dx.doi.org/10.1160/TH06-10-0606
http://dx.doi.org/10.1016/0002-9378(89)90096-3
http://dx.doi.org/10.1016/S0140-6736(14)60793-5
http://dx.doi.org/10.1016/S0002-9378(98)70025-0
http://dx.doi.org/10.1160/TH16-03-0221
http://dx.doi.org/10.1016/j.thromres.2015.12.016
http://dx.doi.org/10.1080/00365513.2018.1522664
http://dx.doi.org/10.1111/j.1538-7836.2009.03678.x
http://dx.doi.org/10.1097/00006250-199911000-00017
http://dx.doi.org/10.1016/S0950-3552(97)80024-7
http://dx.doi.org/10.1016/S0140-6736(06)68397-9
http://dx.doi.org/10.1016/0029-7844(96)00135-4
http://dx.doi.org/10.1016/S0049-3848(11)70035-4
http://dx.doi.org/10.1016/s0029-7844(99)00308-7
http://www.ncbi.nlm.nih.gov/pubmed/19277402
http://dx.doi.org/10.1182/blood-2005-02-0626
http://dx.doi.org/10.1111/jth.12266
http://dx.doi.org/10.1111/jth.12266
http://dx.doi.org/10.1093/humupd/dmt019
http://dx.doi.org/10.1016/j.jaci.2013.02.047
http://dx.doi.org/10.1016/j.jaci.2013.02.047
http://dx.doi.org/10.1056/NEJM200011163432002
http://dx.doi.org/10.1016/j.thromres.2018.05.005
http://dx.doi.org/10.1182/asheducation-2014.1.387
http://dx.doi.org/10.1016/j.ajog.2020.04.017
http://dx.doi.org/10.37175/stemedicine.v1i2.39
http://dx.doi.org/10.1111/jth.15072
http://dx.doi.org/10.1111/jth.15072
http://dx.doi.org/10.37175/stemedicine.v1i2.41
http://dx.doi.org/10.1016/j.accpm.2020.05.003
http://dx.doi.org/10.1016/j.accpm.2020.05.003
http://dx.doi.org/10.1111/aogs.13962
http://dx.doi.org/10.1111/aogs.13962

	Comparison of doses of heparin for venous thromboembolism and bleeding in pregnant women
	Abstract
	Introduction
	Materials and methods
	Participants and procedure
	Intervention
	Primary outcomes
	Secondary outcomes
	Baseline ultrasonography
	Statistical analysis

	Results
	Flow chart of the research
	Demographic and obstetrical data of participants
	Thrombophilia type and prior pregnancy complications among the participants
	Obstetric outcomes in the different groups
	Obstetric outcomes of participants in different groups undergoing cesarean section

	Discussion
	Conclusion
	References


