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ABSTRACT 
 

Women are at an increased risk of venous thromboembolism (VTE) during pregnancy 

and the postpartum period. VTE complicates 1 to 2 of 1000 pregnancies and is an important 

cause of maternal morbidity and mortality. During pregnancy, subcutaneous weight-adjusted 

low-molecular-weight-heparin (LMWH) is the standard anticoagulation therapy for acute VTE. 

Women receive a minimum of three months of LMWH with treatment generally extended 

throughout pregnancy and for at least six weeks following delivery. Heterogeneous estimates are 

reported in the literature pertaining to the risk of bleeding among patients treated with 

therapeutic-dose anticoagulation. Most studies reporting bleeding among patients on LMWH 

during pregnancy combine various doses and indications for LMWH. Individual LMWHs, 

including dalteparin, enoxaparin and tinzaparin, are considered as having similar anticoagulant 

properties. However, they differ in their pharmacodynamic and pharmacokinetic properties, 

which may impact anticoagulant-related bleeding. Moreover, Canadian utilization data for 

LMWHs in the general population have shown that over 50% of prescriptions dispensed are for 

dalteparin. Since dalteparin is the preferred LMWH, determining whether it confers a benefit 

regarding bleeding complications is important.  

 

In the first study, we systematically reviewed the literature to identify studies evaluating 

bleeding complications among patients treated with therapeutic-dose LMWH for the treatment of 

VTE during pregnancy and highlight the limitations of the existing literature. Five observational 

studies were included, all of which were deemed to have a serious to critical risk of bias using 

the ROBINS-I tool. The percentage of bleeding in these studies ranged between 2.9% and 
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30.0%. The ability to draw definitive conclusions is limited by the low quality of the existing 

literature, as well as the heterogeneity of bleeding definitions used.  

 

In the second study, we conducted a population-based cohort study using data from 

electronic healthcare databases from the province of Québec to examine the relationship between 

the use of different therapeutic LMWHs and the risk of bleeding among pregnant women. The 

objectives were to compare bleeding incidence between the most commonly used LMWH, 

dalteparin, vs. enoxaparin or tinzaparin, compare bleeding estimates between these groups with 

regards to antepartum and postpartum bleeding, and compare bleeding in patients receiving once 

vs. twice daily dosing of any LMWH. We included women with a diagnosis of VTE during 

pregnancy, a prescription for LMWH and a defined bleeding event using inpatient diagnostic 

codes for bleeding, including pregnancy-related and non-pregnancy related bleeding. A total of 

259 pregnant women with VTE were included. Overall, 20 patients (7.7%) had a hospitalization 

with bleeding and the incidence rate of bleeding was 310.5 per 1000 person-years. Conclusions 

regarding a potential difference in the risk of bleeding between dalteparin and enoxaparin or 

tinzaparin were limited by the uncertainty around the estimates; however, the risk estimate was 

close to the null (hazard ratio (HR) 0.9, 95% confidence interval (CI) 0.2-2.5). A similar pattern 

was observed when comparing treatment with once vs. twice daily LMWH (HR 0.8, 95% CI 0.2-

2.9). Sensitivity analyses performed were consistent with the main findings. 

 

We provide an overview of knowledge to date on bleeding in women treated for a VTE 

during pregnancy and provide a population-based estimate of antepartum and postpartum 

bleeding in patients receiving therapeutic-dose LMWH for VTE during pregnancy. We show that 
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dalteparin does not appear to have a favourable safety profile compared to enoxaparin or 

tinzaparin with regards to bleeding complications. Our conclusions are limited by the 

imprecision around the reported bleeding estimates. Further studies including standardized 

bleeding definitions are needed to optimize the care of this patient population.  
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ABBRÉGÉ 
 

Le risque de thromboembolie veineuse (TEV) est augmenté pendant la grossesse et le 

post-partum. La TEV complique 1 à 2 grossesses sur 1000 et est un cause importante de 

morbidité et de mortalité maternelles. En grossesse, l’héparine de bas poids moléculaire (HBPM) 

sous-cutanée ajustée au poids est le traitement recommandé pour la TEV aigüe. Les femmes 

reçoivent un minimum de trois mois d’HBPM, le traitement étant généralement prolongé 

jusqu’au moins 6 semaines post-partum. Le risque de saignemement chez les patientes traitées 

avec HBPM à dose thérapeutique rapporté dans la littérature est variable. Les études décrivent 

les saignements chez les patientes anticoagulées pendant la grossesse combinant des doses et 

indications d’HBPM différentes. Les différentes molécules d’HBPM, dont la daltéparine, 

l'énoxaparine et la tinzaparine, sont considérées comme ayant des propriétés anticoagulantes 

similaires. Cependant, leurs propriétés pharmacodynamiques et pharmacocinétiques différentes 

pourraient avoir un impact sur le risque hémorragique. Des données canadiennes sur l’utilisation 

des HBPM dans la population générale démontrent que plus de 50 % des ordonnances délivrées 

sont pour la daltéparine. Comme la daltéparine est l’HBPM la plus utilisée, il est important de 

déterminer si elle confère un avantage quant aux complications hémorragiques.  

 

Dans la première étude, nous avons procédé à une revue systématique de la littérature 

afin d’identifier les études portant sur les complications hémorragiques des patientes traitées 

avec une dose thérapeutique d’HBPM pour le traitement de la TEV pendant la grossesse. Cinq 

études observationelles ont été incluses et ont toutes été jugées comme présentant un risque de 

biais important à critique en utilisant l’outil ROBINS-I. Le pourcentage de saignements dans ces 
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études varie entre 2,9 % et 30,0 %. La capacité de tirer des conclusions définitives est limitée par 

la faible qualité de la littérature existante.  

 

Dans la deuxième étude, nous avons mené une étude de cohorte populationnelle en 

utilisant une base de données électronique sur les soins de santé de la province de Québec. Les 

objectifs étaient de comparer l’incidence de complications hémorragiques entre l’HBPM la plus 

couramment utilisée, la daltéparine, et l’énoxaparine ou la tinzaparine, de comparer les 

complications hémorragiques entre ces groupes incluant les hémorragies ante-partum et post-

partum, et de comparer les complications hémorragiques chez les patientes recevant une dose 

unique ou deux doses quotidiennes de toute HBPM. Les femmes avec TEV en grossesse et une 

prescription d'HBPM ont été incluses dans l’étude. Nous avons défini la complication 

hémorragique en utilisant les codes de diagnostic de complications hémorragiques. Au total, 259 

femmes enceintes avec un diagnostic de TEV en grossesse ont été incluses. Vingt patientes (7,7 

%) ont été hospitalisées pour une complication hémorragique et le taux d'incidence de 

complications hémorragiques était de 310,5 pour 1000 personnes-années. Les conclusions 

concernant une différence potentielle du risque de complication hémorragique entre les deux 

groupes sont limitées par l'incertitude entourant les estimations ; toutefois, l’estimation du risque 

était proche de la valeur nulle (hazard ratio (HR) 0,9, intervalle de confiance (IC) à 95 % 0,2-

2,5). Les analyses de sensibilité effectuées étaient cohérentes avec les résultats principaux. 

 

Nous fournissons un aperçu des connaissances sur les complications hémorragiques chez 

les femmes traitées pour TEV pendant la grossesse et fournissons une incidence basée sur des 

données populationnelles des complications hémorragiques chez ces patientes. La daltéparine ne 
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semble pas avoir un profil de sécurité favorable par rapport aux autres HBPM pour les 

complications hémorragiques. Nos conclusions sont limitées par l'imprécision des résultats. Des 

études futures utilisant une définition standardisée de saignement sont nécessaires. 
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INTRODUCTION 
 
 
 Venous thromboembolism (VTE), which comprises pulmonary embolism (PE) and deep 

vein thrombosis (DVT) is an important cause of maternal morbidity and mortality (1). Left 

untreated, VTE can be fatal (1). The treatment of VTE in pregnancy is therapeutic-dose 

anticoagulation with subcutaneous low-molecular-weight heparin (LMWH) for a minimum of 

three months, with treatment usually continued until six weeks postpartum (2). Variable 

estimates are reported in the literature pertaining to the risk of bleeding in pregnant patients 

treated with LMWH (3, 4). Studies evaluating bleeding in anticoagulated women during 

pregnancy have combined various doses and indications for anticoagulation, and bleeding 

definitions used are variable (5, 6). Moreover, the available studies are generally small, single 

centre retrospective cohort study with high risk of biases (4, 7). The first objective of my thesis 

was to summarize the literature with regards to the bleeding complications in patients treated 

with therapeutic-dose LMWH for the treatment of VTE during pregnancy by means of a 

systematic review of the literature and highlight the limitations of the existing literature. Given 

variable estimates of bleeding in the literature and variable clinical practice (8), the second 

objective of my thesis was to obtain population-derived estimates of bleeding complications in 

women treated for VTE during pregnancy using administrative healthcare databases.  

 

Individual LMWHs, including dalteparin, enoxaparin and tinzaparin, are considered as 

having similar anticoagulant properties. They differ in their pharmacodynamic and 

pharmacokinetic properties, and this may impact anticoagulant-related bleeding risks (9). 

Canadian utilization for LMWHs in the general population has shown that over 50% of 

prescriptions dispensed are for dalteparin (10). Since dalteparin is the preferred LMWH, and 
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individual LMWHs may have different safety profiles, determining whether dalteparin confers a 

benefit regarding bleeding complications is important. To this end, the third objective of my 

thesis was to compare population-derived estimates of bleeding associated with the use of 

dalteparin vs. enoxaparin or tinzaparin in this population. 
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CHAPTER 1. BACKGROUND AND COMPREHENSIVE REVIEW OF THE 
LITERATURE 
 

1.1 Epidemiology and pathophysiology of venous thromboembolism in pregnancy 
 

VTE describes the diagnoses of DVT and PE. DVT is the formation of thrombi in the 

deep venous system, commonly of the larger caliber veins in the lower extremities or the pelvis 

(11). Thrombus formation depends on the presence of abnormalities of blood flow, of the blood 

vessel wall and of blood clotting components (12). PE develops when a thrombus dislodges from 

clots in the vein wall and travel through the heart to the pulmonary arteries (11). Women are 

higher risk of VTE during pregnancy and the postpartum period (13). Pregnancy represents a 

hypercoagulable state resulting from hormonally induced decreased venous capacitance, 

decreased venous return, increased concentrations of coagulation factors and peripartum vascular 

injury (Figure 1) (14).  

 

Figure 1. Physiologic changes in pregnancy that lead to an increased risk of venous 
thromboembolism (15) 
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 Normal pregnancy leads to an increase in coagulation factors (factor VII, VIII, X and von 

Willebrand factor), as well as a significant increase in fibrinogen (1). The active, unbound form 

of protein S is decreased during pregnancy, and resistance to activated protein C is increased 

during the second and third trimesters, both of which contribute to a prothrombotic state (1) 

(Figure 2).  The changes in coagulation factors in pregnancy are presented in Figure 2 (16). They 

begin at conception and return to normal in the 6 to 12 weeks following delivery (1).  

 
Figure 2. Changes in coagulation pathway factors during pregnancy* (16) 
 

 
*Clotting factor that have significant changes are displayed with arrows. Abbreviations: 
TF=tissue factor. 
 

The antepartum period corresponds to the time between conception and delivery (17). 

The intrapartum period represents the time between the start of labour and the end of the delivery 

(17). While the postpartum period starts following delivery, its end is less well defined. It is 

often considered to be until six weeks following delivery. However, all organ systems do not 
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return to baseline within this period, and some consider the postpartum period to extend until 12 

weeks after birth (Figure 3) (18). 

 

Figure 3. Antepartum, intrapartum and postpartum periods (17) 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

VTE is a leading cause of severe maternal mortality worldwide (19). It is estimated that 

VTE complicates 1 to 2 of 1000 pregnancies (20). The risk of VTE during pregnancy is 

increased five to ten-fold compared to non-pregnant women of comparable age (21). The risk is 

distributed across all three trimesters, although it appears to be highest in the third trimester (22). 

The absolute incidence of VTE is equal between the antepartum and postpartum periods, at 0.6 

per 1000 women (22). However, because the postpartum period is shorter than the antepartum 

period, the daily risk of VTE during the first 6 weeks postpartum is higher in the postpartum than 

the antepartum period (23). The risk of VTE is increased until 12 weeks postpartum when 

compared to the general population, but women are at highest risk within the first 6 weeks 

postpartum (23).  
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1.2 Complications of venous thromboembolism during pregnancy 
 

Numerous short and long-term complications are associated with VTE. Left untreated, 

VTE can be fatal. PE can lead to life threatening complications including chronic 

thromboembolic pulmonary hypertension, a cause of chronic pulmonary hypertension leading to 

right heart failure and death (24).  In addition, VTE is also a cause of long-term morbidity in this 

population. Almost half of pregnant women with DVT will experience a reduced quality of life 

due to post-thrombotic syndrome (2). Post-thrombotic syndrome is a chronic complication that 

develops in 20 to 50% of patients after DVT and manifestations vary from mild to more severe 

symptoms and signs including chronic leg pain, intractable swelling or edema, and leg ulcers 

(25). Risk factors for post-thrombotic syndrome include older age, recurrent ipsilateral DVT, 

obesity and extensive DVT that affects large vessels (25). Pregnant women with DVT are at 

increased risk of post thrombotic syndrome because thrombosis in pregnancy predominantly 

affect larger caliber iliac or iliofemoral veins rather than the below knee smaller caliber vessels 

(Figure 4) (2). Moreover, women with VTE in pregnancy are at increased risk of recurrence in 

subsequent pregnancies, with recurrence rates ranging from 2.5% to 8% despite 

thromboprophylaxis (2). The risk of recurrence is decreased by prophylactic anticoagulation, 

with a reported rate of recurrent VTE between 0% and 2.4% with its use (1). 
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Figure 4. Deep venous system of the lower extremity (26) 
 

 

Abbreviations: v=vein, vv=veins. 

 

1.3 Treatment of venous thromboembolism during pregnancy 
 

During pregnancy, subcutaneous weight-adjusted LMWH is the standard anticoagulation 

therapy for acute VTE (27, 28). Anticoagulant therapy markedly reduces mortality and the risk 

of VTE recurrence in the pregnant population (23). Women receive a minimum of three months 

of LMWH with treatment generally extended throughout pregnancy and for at least six weeks 

following delivery given the additional increased VTE risk during the postpartum period (27-30). 

In the non-pregnant population, other anticoagulants are used for the treatment of VTE, 

including vitamin K antagonists and direct oral anticoagulants. However, their use during 

pregnancy is constrained by the increased risk of teratogenicity associated with the use of 
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vitamin K antagonist and the limited data regarding the safety profile of direct oral 

anticoagulants (23). Unfractionated heparin (UFH) can be used as an intravenous infusion while 

patients are hospitalized.  

 

LMWHs are a family of antithrombotic molecules derived from UFH by chemical or 

enzymatic depolymerization (31). The smaller molecular size of LMWHs results in increased 

bioavailability and a longer half-life compared to UFH (32). Subcutaneous UFH has a similar 

safety profile with regards to fetal safety, but it is associated with a higher risk of heparin-

induced thrombocytopenia (HIT), a prothrombotic disorder associated with the use of heparins 

characterized by thrombocytopenia and a high risk of venous or arterial thrombosis (2, 33). 

Fondaparinux, a synthetic anticoagulant that indirectly inhibits factor Xa (Figure 6), crosses the 

placenta and experience in human pregnancies is limited. It is occasionally used in pregnancy 

when a type I allergy to LMWH is suspected or in the context of HIT (2). LMWHs used during 

pregnancy include enoxaparin, dalteparin and tinzaparin.  Different LMWH agents have similar 

antithrombotic effects. However, different they have distinct biochemical and pharmacological 

profiles (Table 4) (34). Four LMWH agents are approved by Health Canada for the treatment of 

VTE, but only three are marketed for use. These are dalteparin, enoxaparin and tinzaparin (10). 

These tend to be used interchangeably, depending on availability in each centre.  

 

1.4 Bleeding associated with therapeutic anticoagulation for venous thromboembolism 
during pregnancy 
 

Variable estimates are reported in the literature pertaining to the risk of bleeding in 

pregnant patients treated with therapeutic anticoagulation for VTE (Table 1). Most studies report 
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on bleeding during the immediate postpartum period of the pregnancy which is defined as within 

24 hours of delivery (4). While some studies use postpartum hemorrhage (PPH), defined as 

bleeding greater than a specific cut-off (500 or 1000 mL) within 24 hours of delivery, as a main 

bleeding outcome (3, 4), other studies (6, 7) use a composite outcome of major bleeding from the 

International Society on Thrombosis and Haemostasis (ISTH) which comprises fatal bleeding 

and/or bleeding in a critical area or organ, and/or bleeding causing a fall in hemoglobin level of 

20 g/L or leading to a transfusion of two or more units of whole blood or red cells (35). This 

definition was established in an attempt to standardize bleeding definitions and has been 

extensively used in research (35), but it is not well suited for pregnancy-related bleeding events 

such as antepartum and postpartum bleeding, including PPH (36). There is also variation in the 

definition of PPH, with some studies using different blood loss thresholds within the first 24 

hours postpartum according to the mode of delivery (3), while other studies do not make that 

distinction (4). Reported major bleeding events according to the ISTH definition of major 

bleeding range between 2.9 and 5.0% in women receiving therapeutic anticoagulation during 

pregnancy (6, 7). Reported estimates of PPH in the literature vary. While some studies showing 

an increased risk of PPH in patients receiving therapeutic anticoagulation, others do not (3, 4). 

Moreover, while some studies report both antepartum and postpartum bleeding events (6, 7), 

others report only on the risk of PPH (3, 4). As such, the available literature does not provide 

reliable bleeding estimates and fails to accurately inform clinicians as to whether the risk of 

clinically significant blood loss is increased with the use of anticoagulation during pregnancy. 
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Table 1. Studies evaluating bleeding outcomes for pregnant women on therapeutic dose low-molecular-weight heparin for 
venous thromboembolism 
 

Study 
Year of 
publica

tion 

Study 
design 

Popula
tion 

size (n) 

Control 
group 
size (n) 

Intervention Bleeding 
definition Bleeding estimate 

Blanco-
Molina et 
al. (6) 

2007 Prospecti
ve cohort 
study  

136 NA LMWH (type 
not specified) 

ISTH 
definition of 
major bleeding 
(35) 

Major bleeding: 4/136 
(2.9%). 

Chan et al. 
(7) 

2012 Retrospe
ctive 
cohort 
study 

60 NA Once or twice 
daily LMWH 
(dalteparin or 
enoxaparin) 

ISTH 
definition of 
major bleeding 
(35) 

Major bleeding: 3/60 (5.0%, 
95% CI 1.0-14.0%). 6 total 
bleeding events (6/60, 
10.0%). 

Côté-
Poirier et 
al. (37) 

2020 Retrospe
ctive 
cohort 
study 

232 NA Therapeutic 
dose LWMH 
(dalteparin, 
enoxaparin or 
tinzaparin) or 
IVH 

Major 
hemorrhagic 
complication* 

Major hemorrhagic 
complication: 9/149 (6.0%, 
95% CI 2.8-11.1) for VD and 
7/83 (8.4%, 95% CI 3.5-16.6) 
for CS. 

Knol et al. 
(38)  

2012 Retrospe
ctive 
cohort 
study 

88 352 Therapeutic 
dose LMWH 
(nadroparin)  

VD: PPH ³  
500 mL, 
severe PPH ³ 
1000 mL 
CS: PPH ³ 
1000 mL 
 

PPH: 30.0% vs. 18.0% in 
treatment vs. control group 
(OR 1.9, 95% CI 1.1-3.5) for 
VD and 12.0% vs. 4.0% in 
treatment vs. control group 
(OR 2.9, 95% CI 0.5-19.4) 
for CS.   
 
Severe PPH:5.6% vs. 5.0% 
(OR 1.1, 95% CI 0.4-3.6) for 
VD. 



 32 

Roshani et 
al. (39) 

2011 Retrospe
ctive 
cohort 
study 

95 524 Therapeutic 
dose LMWH 
(enoxaparin, 
dalteparin, 
nadroparin, 
tinzaparin, 
danaparoid) 

PPH > 500 
mL, severe 
PPH > 1000 
mL 

PPH: 18.0% in treatment 
group vs. 22.0% in control 
group (RR 0.8, 95% CI 0.5-
1.4).  
 
Severe PPH: 6.0% in both 
groups (RR 1.2 95% CI 0.5-
2.9) 

Abbreviation: CI = confidence interval, CS = cesarian delivery, ICU = intensive care unit, ISTH = International Society on Thrombosis 
and Haemostasis, IVH = intravenous heparin, LMWH =low-molecular-weight heparin, NA= non-available, OR = odds ratio, PPH = 
postpartum hemorrhage, VD = vaginal delivery. 
*Major hemorrhagic complication defined as significant bleeding that occurred after the resumption of therapeutic anticoagulation 
requiring surgery, hospital readmission, admission to the intensive care unit, red blood cells transfusion, or fluid resuscitation of 1L or 
more of crystalloid (prescribed specifically for a bleeding concern after therapeutic anticoagulation resumption, so not related to the 
immediate intrapartum and postpartum period). 
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1.5 Bleeding associated with different doses of low-molecular-weight heparin for venous 
thromboembolism during pregnancy 

 

Previous studies have evaluated the risk of bleeding in women receiving LMWH during 

pregnancy, whereby authors commonly group pregnant patients receiving different doses of 

anticoagulation, either for the treatment or the prevention of VTE during pregnancy (40-42). 

Women who have a history of a VTE and who are not on long-term anticoagulant therapy 

require LMWH during pregnancy, usually at a prophylactic dose, to prevent a recurrence given 

the associated prothrombotic state (23, 28). If the previous event was due to a temporary 

provoking factor that is not related to a hormonal risk factor (e.g., pregnancy, postpartum state, 

hormonal contraception, or hormonal replacement therapy), then thromboprophylaxis is advised 

only during the postpartum period, usually until six weeks after delivery. If the previous event 

was either unprovoked or due to a hormonal risk factor, then both antepartum and postpartum 

thromboprophylaxis are recommended (23, 28). The recommendations are summarized in Figure 

5. 
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Figure 5. Prophylaxis for pregnant women not receiving long-term anticoagulant therapy 
(23) 
 

 
 
Abbreviation: VTE=venous thromboembolism. 
Figure adapted from Bates et al, Journal of Thrombosis and Haemostasis, 2018. 
 
 

Prophylactic dose LMWH usually is given at a standard fixed dose (e.g., dalteparin 5000 

units subcutaneously every 24 hours) with adjustments for extremes of body weight (43). 

Previous studies have suggested that standard prophylactic dose LMWH commonly given in 

surgical patients and hospitalized patients may not adequately prevent VTE during pregnancy 

given the increased thrombotic risk of pregnancy (44). For this reason, some clinicians opt to 

administer intermediate dose thromboprophylaxis in high-risk pregnant patients (44). Examples 

of populations judged to be at higher risk of VTE include women with high-risk inherited 

thrombophilia (e.g., antithrombin deficiency or homozygote factor V Leiden) or women with 

two or more episodes of previous VTE who are not on long-term anticoagulation (44).  

Intermediate dose anticoagulation usually corresponds to half of the therapeutic dose (e.g., 
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dalteparin 100 units/kg or enoxaparin 1 mg/kg once daily). The optimal dose of LMWH in this 

patient population remains unknown, and this has led to a randomized controlled trial which 

compared standard prophylactic and intermediate dose LMWH anticoagulation in specific high-

risk pregnant populations (45). While there was no difference in the incidence of VTE between 

both dosing regimens, a post-hoc analysis showed a decrease in the numerical number of PE and 

superficial thrombophlebitis events with intermediate-dose LMWH in the postpartum period 

(45). Suggested thromboprophylactic doses for antepartum and postpartum LMWH according to 

body weight from the Royal College of Obstetricians and Gynecologists are presented in Table 2 

(46). Intermediate and therapeutic doses for dalteparin, enoxaparin and tinzaparin are presented 

in Table 3.  

 

Table 2. Prophylactic doses of LMWH according to body weight according to the Royal 
College of Obstetricians and Gynecologists (46) 

Weight Dalteparin Enoxaparin Tinzaparin 

< 50 kg 2500 units daily 20 mg daily 3500 units daily 

50-90 kg 5000 units daily 40 mg daily 4500 units daily 

91-130 kg 7500 units daily 60 mg daily 7000 units daily 

131-170 kg 10 000 units daily 80 mg daily 9000 units daily 

> 170 kg 
75 units/kg/day 0.6 mg/kg/day 4500 units every 12 

hours 

Abbreviations: kg=kilograms, mg=milligrams. 
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Table 3. Intermediate and therapeutic doses of low-molecular-weight heparin doses used in 
pregnancy (43) 
 

Heparin Dose Level Dose 

Dalteparin 
Intermediate 

Dalteparin 100 units/kg SC 

DIE 

Therapeutic 
Dalteparin 200 units/kg SC 

DIE or 100 units/kg SC BID 

Enoxaparin 

Intermediate Enoxaparin 1 mg/kg SC DIE 

Therapeutic 

Enoxaparin 1 mg/kg SC 

every 12 hours or 1.5 mg/kg 

SC DIE 

Tinzaparin 
Intermediate Variable 

Therapeutic 
Tinzaparin 175 units/kg SC 

DIE 

Abbreviations: BID= twice daily, DIE = once daily, kg=kilograms, SC= subcutaneous. 
 

When assessing the safety of LMWHs and the risk of bleeding associated with their use 

during pregnancy, reported estimates of bleeding are also variable, regardless of the dose used. 

Selected studies presenting bleeding estimates of patients treated with variable doses of LMWH 

during pregnancy are presented in Table 4.  

 

Moreover, there is a wide variation in the bleeding definitions used in the literature 

(Figure 6). Studies have reported bleeding events as PPH by estimated blood loss within 24 

hours of delivery with variable cut-offs (3, 4). Others use the major bleeding and clinically 

relevant non-major bleeding according to the ISTH with different definitions for surficial and 

non-surgical major bleeding (35, 47) or various combinations of drop in hemoglobin level, need 
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for blood product transfusion, surgical intervention to control bleeding, need for intensive care 

unit admission, or wound complications (Figure 6) (37). 

 

Figure 6.  Definitions of bleeding in pregnancy reported in the literature (3, 4, 6, 7, 37, 48) 
 
 

 
 
 
Abbreviation: mL=milliliters.

Bleeding 
definition

Any blood loss Antepartum 
hemorrhage

Postpartum 
hemorrage

By quantity

> 500 mL

> 1000 mL
> 500 mL for 

vaginal, > 1000 
mL for cesarean

By severity

Major

Non-major, 
clinically relevant 

non-major

Normal

Other

Wound related 
bleeding Other
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Table 4. Selected studies evaluating bleeding outcomes for pregnant women on variable doses low-molecular-weight heparin 
for venous thromboembolism 
 

Study 

Yea
r of 
publ
icati
on 

Study 
design 

Pop
ulati
on 
size 
(n) 

Contro
l group 
size (n) 

Intervention Bleeding definition 
Bleeding estimate in 

intervention vs. control 
group 

Arbuthnot 
et al. (42) 

2017 Retrospe
ctive 
cohort 
study  

127 16,469 LMWH 
Prophylaxis: 
57.0% 
Therapeutic: 
37.0%  

PPH ≥500 mL, 
Severe PPH ≥1000 
mL  

PPH: 22.6% vs. 21.6% 
Severe PPH: 3.4% vs. 
4.8% 

Galambosi 
et al. (49) 

2011 Retrospe
ctive 
cohort 
study 

475 648 LMWH at 
variable doses, 
proportion NR 

Major blood loss > 
1000 mL 

Major blood loss: 6.8% 
vs. 4.5% (p=0.098) 

Kominiarek 
et al. (48) 

2007 Case 
control 
study 

49 110 LMWH 
Prophylaxis: 
32.7% 
Therapeutic: 
67.3% 

PPH > 500 mL for 
VD, > 1000 mL for 
CS or return to or for 
bleeding within 14 
days of delivery 

PPH: 11.0% vs. 8.2% (OR 
1.37, 95% CI 0.15-11.5) 

Santoro et 
al. (50) 

2009 Prospecti
ve cohort 
study 

114 NR LMWH at 
variable doses, 
proportion NR 

Major bleeding: 
decrease in 
hemoglobin of 2 g/dL 
or blood transfusion 

Major bleeding: 1.53% 
(no control group) 

Abbreviations: CI = confidence interval, CS = cesarian delivery, LMWH = low-molecular-weight heparin, NR = not reported, OR = 
odds ratio, PPH = postpartum hemorrhage, VD = vaginal delivery.
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1.6 Need for population-based estimates of bleeding in women treated for venous 
thromboembolism during pregnancy 
 

 

Five previously published systematic reviews have highlighted the variable and low-

quality retrospective data evaluating bleeding in patients anticoagulated for various indications 

during pregnancy and the need for standardized bleeding definitions (36, 40, 41, 51, 52). The 

main findings of these systematic reviews are presented in Table 5. The five systematic reviews 

include women on variable doses of anticoagulation (prophylactic, intermediate, and therapeutic) 

for various indications (Table 5). These pooled bleeding estimates may be difficult for healthcare 

providers to interpret. For example, bleeding associated with the use of prophylactic-dose 

LMWH for a history of pregnancy losses that is stopped at 38 weeks’ gestation is unlikely to be 

comparable to bleeding associated with the use of therapeutic-dose anticoagulation that is 

restarted early in the postpartum period in a patient with a mechanical heart valve given the risk 

of valve thrombosis with interruption of anticoagulation (52, 53).  As such, population-based 

estimates of bleeding in pregnant women receiving therapeutic-dose anticoagulation for VTE are 

required to better guide clinician decisions and facilitate patient counselling. 
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Table 5. Previous systematic reviews evaluating bleeding complications in women treated with various doses of low-molecular-
weight heparin for various indications 
 

Study 
Year of 

publicatio
n 

Populatio
n size (n) 

Compa
rator 
group 
size (n) 

Indication for 
anticoagulation Anticoagulant 

Dose of 
anticoagulati

on 
Bleeding estimate 

Greer et 
al. (40) 

2005 2777 NA Treatment of 
VTE, 
thromboprophyla
xis, prevention of 
recurrent 
pregnancy loss, 
prevention of 
preeclampsia/IUG
R, unspecified  

LMWH 
(enoxaparin, 
dalteparin, 
nadroparin, 
tinzaparin, 
certoparin, 
reviparin) 

Therapeutic 
and 
prophylactic  

Significant bleeding: 
2.0% (95% CI 1.5-2.6%) 

Romualdi 
et al. (51) 

2012 981 NA Treatment of 
VTE 

LMWH 
(enoxaparin, 
dalteparin, 
nadroparin, 
tinzaparin) and 
UFH 

Therapeutic Weight mean incidence 
of major bleeding: 1.4% 
(95% CI 0.6-2.4%) 

Sanson et 
al. (52) 

1999 486 NA Treatment of 
VTE, 
thromboprophyla
xis, prevention of 
recurrent 
pregnancy loss, 
prevention of 
preeclampsia, 
thrombophilia, 
mechanical heart 

LMWH 
(enoxaparin, 
dalteparin, 
nadroparin, 
tinzaparin, 
reviparin) 

Prophylactic, 
intermediate, 
therapeutic 

Clinically important 
hemorrhagic 
complication: none 
Minor bleeding: 2.7% 
(95% CI 1.4-4.5%) 
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valves, 
miscellaneous 

Sirico et 
al. (41) 

2019 1320 20842 Treatment of 
VTE, 
thromboprophyla
xis, prevention of 
recurrent 
pregnancy loss, 
prevention of 
preeclampsia, 
thrombophilia, 
mechanical heart 
valves, 
miscellaneous 

LMWH 
(enoxaparin, 
dalteparin, 
nadroparin, 
tinzaparin) 

Prophylactic, 
therapeutic, 
not reported 

PPH*: increased in 
women treated with 
LMWH, RR 1.45 (95% 
CI 1.0-2.1%) 
No difference in mean 
blood loss or risk of 
transfusion at delivery 
between groups. 

Tardy et 
al. (36) 

2019 2690 NA Recurrent 
pregnancy loss, 
obstetrical 
antiphospholipid 
syndrome, 
placental vascular 
complications, 
preeclampsia/IUG
R, thrombophilia 

LMWH 
(enoxaparin, 
dalteparin, 
nadroparin), 
UFH 

Prophylactic Major antepartum 
bleeding: 0.0-9.7% 
Major or severe PPH: 
1.0-5.6% 

*PPH is defined differently in various studies.  Abbreviations: CI= confidence interval, IUGR= intrauterine growth restriction, 
LMWH = low-molecular-weight-heparin, n= number of patients, NA = not available, PPH = postpartum hemorrhage, RR = relative 
risk, VTE= venous thromboembolism, UFH = unfractionated heparin.
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1.7 Need for population-based estimates of bleeding in women treated with different types 

of LMWH during pregnancy 

 

LMWHs are considered members of a class of drugs with similar anticoagulant properties 

(54). They act by inhibiting the final common pathway of the coagulation cascade (Figure 7). 

Specifically, they activate antithrombin III, which binds and inhibits factor Xa preventing clot 

formation (Figure 7) (55). However, LMWHs differ in their pharmacodynamic and 

pharmacokinetic properties, and this may impact the rates of anticoagulant-related bleeding (9). 

For example, the half-life of the anti-Xa activity varies between different LMWHs (Table 6) 

(54). Moreover, pregnancy can affect the pharmacologic characteristics of individual LMWHs. 

Among non-pregnant people, LMWHs have low volumes of distribution, which means that they 

are essentially confined to the bloodstream. However, pharmacokinetic studies conducted among 

pregnant people have shown an increase in the volumes of distribution of LMWHs. Combined 

with the increase in body weight during pregnancy, the change in the volume of distribution 

could theoretically lead to lower drug plasma levels. This phenomenon could be further 

augmented by the increased renal elimination of LMWHs during pregnancy due to an elevated 

glomerular filtration rate (21). 

 

In the non-pregnant population, evidence with regards to bleeding risks using different 

LMWHs has been contradictory (56-59). In a retrospective cohort study of patients admitted to 

the intensive care unit receiving enoxaparin or dalteparin for VTE prophylaxis, there was no 

difference in the percentage of patients diagnosed with major bleeding between the two groups 

(56). A prospective, randomized, open-labeled, single-center study of patients with non-ST-
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segment elevation myocardial infarction (NSTEMI) receiving either therapeutic enoxaparin or 

tinzaparin showed no difference in the percentage of serious hemorrhagic complications between 

groups (3.6% in the enoxaparin group vs. 3.2% in the tinzaparin group, p-value not reported) 

(60). Finally, a large randomized controlled trial of over 20 000 patients with NSTEMI found 

that the use of fondaparinux was associated with lower rate of major bleeding compared to 

enoxaparin (2.2% vs. 4.1%, p<0.001) (58). No studies have compared the frequency of bleeding 

complications during pregnancy across different LMWH groups. While dalteparin is the most 

commonly used LMWH in Canada, it has not been shown to confer a favourable safety profile 

compared to other LMWHs (10). For this reason, population-derived bleeding estimates 

addressing the risk of bleeding according to LMWH type are warranted given the variable 

pharmacokinetic and pharmacodynamic properties which may have differential effects on the 

risk of bleeding. 

 

Figure 7. Coagulation cascade and effect of anticoagulant medications (61) 
 

 

Figure adapted from Hoppe-Tichy et al. EJHP Practice, 2010. (61) 
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Solid black arrows represent transformations; dashed black lines represent catalysis 
Abbreviations: AT= antithrombin, DOAC= direct oral anticoagulant, LMWH= low-molecular-
weight heparin, TF= tissue factor, VKA= vitamin K antagonist. 
 
Table 6. Pharmacological properties of low molecular weight heparins (34, 62, 63) 
 

 Enoxaparin Dalteparin Tinzaparin 

Dosage for therapeutic 

anticoagulation 

1.5 mg/kg subcutaneous 

(SC) once daily (DIE) or 

1 mg/kg SC twice daily 

(BID) 

200 U/kg SC 

DIE 

175 U/kg SC 

DIE 

Mean molecular weight 

(daltons) 
4500 5800 6500 

Elimination half-life (hours) 4.3 2.4 3.0 

Bioavailability (%) 90-92 87 87 

Anti-Xa activity (IU/mg) 100 156 100 

Abbreviations: IU= international units, kg=kilograms, mg=milligrams. 
 
 
1.8 Original thesis work 
 

Thesis objectives  

The present thesis has three primary objectives: 

1. To summarize the literature with regards to the bleeding complications in patients treated 

with therapeutic-dose LMWH for the treatment of VTE during pregnancy, and highlight 

the limitations of this literature 

2. To obtain population-derived estimates of bleeding complications in women treated for 

venous thromboembolism during pregnancy 
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3. To compare population-derived estimates of bleeding associated with the use of 

dalteparin vs. enoxaparin or tinzaparin in women treated for VTE during pregnancy 

 

Thesis overview 

 Chapter 2 will include the first manuscript of my thesis. It will consist of a systematic 

review of the literature with a focus on patients treated with therapeutic-dose anticoagulation 

for a VTE during pregnancy, with a defined bleeding outcome. Chapter 3 will include a 

transition between the findings of the systematic review and explain the rationale for the 

second manuscript. Chapter 4 will include the cohort study manuscript. This will provide 

population-derived estimates of bleeding in this patient population, as well as a comparison 

of bleeding estimates between the most used LMWH, dalteparin, vs. enoxaparin or 

tinzaparin. Chapter 5 will discuss the main findings of this thesis, its limitations, and 

promising tools for future research. Chapter 6 will include conclusions for the study of 

bleeding complications in this patient population. 
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CHAPTER 2. LITERATURE REVIEW 
 
 

2.1 Preface to first manuscript 
 

The risk of bleeding associated with the use of therapeutic anticoagulation for VTE 

during pregnancy, including during the antepartum and postpartum periods, is not well 

described. Systematic reviews evaluating bleeding in patients treated for VTE during pregnancy 

have combined different doses (prophylactic, intermediate and therapeutic-dose anticoagulation) 

of LMWH anticoagulation (40, 41). Other review articles have combined multiple indications for 

anticoagulation during pregnancy, including mechanical heart valves and thrombophilia without 

VTE (41, 64). The risk of bleeding in these different populations is not considered to be the 

same, given different comorbidities and comedications. For these reasons, we decided to conduct 

a systematic review of the literature evaluating bleeding complications in pregnant women 

treated for VTE with therapeutic-dose anticoagulation during pregnancy. The limitations and the 

high risk of bias in the available literature are highlighted in the discussion section of the 

manuscript.  
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ESSENTIALS 
 

- In pregnancy, blood clots, or venous thromboembolism (VTE), are treated with blood 

thinners. 

- The risk of bleeding with the use of blood thinner in pregnancy is not well described.  

- There was a wide range of bleeding complications in this review, between 2.9% and 

30.0%. 

- Larger studies looking at this question are needed to better inform patients and doctors. 
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ABSTRACT 
 

OBJECTIVES 

Venous thromboembolism (VTE) represents an important cause of maternal morbidity 

and mortality. Estimates of bleeding associated with therapeutic-dose anticoagulation are 

variable. We describe the frequency of bleeding in pregnant women receiving therapeutic 

anticoagulation for VTE by means of a systematic review of the literature. 

 

DATA SOURCES 

MEDLINE, Embase, Scopus, Web of Science and ClinicalTrials.gov were searched. 

Databases were searched from inception to February 27, 2022. There was no language or 

geographic location restriction. 

 

METHODS OF STUDY SELECTION 

The search yielded 2773 articles with 2212 unique citations. Studies were included if they 

described pregnant women treated for an acute VTE with therapeutic-dose anticoagulation and a 

defined bleeding outcome was reported.  

 

TABULATION, INTEGRATION, AND RESULTS 

Five studies met inclusion criteria. Included studies were judged to have a serious to 

critical risk of bias using the ROBINS-I tool. The rate of bleeding, as defined by respective 

studies, ranged between 2.9% and 30.0%. Two studies included control groups, one of which 

found no significant difference in the risk of bleeding between groups, while the other found a 

significantly increased bleeding risk associated with therapeutic anticoagulation.  
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CONCLUSION 

Among pregnant women anticoagulated for VTE, the reported bleeding risk is variable. 

The ability to draw definite conclusions is limited by the scarcity and low quality of the studies, 

the small number of included patients, and the heterogeneity of bleeding definitions used. Large 

scale studies with standardized bleeding definitions are required to provide acute bleeding 

estimates and optimize the care of these patients. 

 

SYSTEMATIC REVIEW REGISTRATION:  

PROSPERO, CRD42021276771 
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INTRODUCTION 

Women are at an increased risk of venous thromboembolism (VTE) during pregnancy and 

the postpartum period. VTE, which includes pulmonary embolism (PE) and deep vein thrombosis 

(DVT), complicates 1 to 2 of 1000 pregnancies and is an important cause of maternal morbidity 

and mortality (1). The risk of VTE is 10- to 20-fold higher in pregnancy than in matched non-

pregnant women (2). The increased risk of thrombosis reflects physiological changes during 

pregnancy resulting in hormonally induced decreased venous capacitance, decreased venous 

outflow, increased concentrations of coagulation factors and peripartum vascular injury (3). 

 

Weight-adjusted subcutaneous low-molecular-weight heparin (LMWH) is the standard 

anticoagulant therapy both for the prevention and the treatment of VTE during pregnancy (4, 5). 

Therapeutic dose anticoagulant therapy reduces mortality and the risk of VTE recurrence in the 

pregnant population (6, 7).  While LMWH is considered safe in pregnancy, variable estimates are 

reported in the literature pertaining to the risk of bleeding with the use of therapeutic 

anticoagulation for VTE in pregnancy (8-10). Postpartum hemorrhage (PPH) is the leading direct 

cause of maternal death worldwide (11). As such, understanding the risk of bleeding for women 

on therapeutic anticoagulation is paramount to inform clinical care and anticipate the healthcare 

needs of this complex population. 

 

Previous studies have evaluated the risk of bleeding associated with the use of LMWH in 

pregnancy. Reviews in the area either combined data from patients receiving different doses and 

indications for LMWH (12, 13) or focused on the therapeutic efficacy rather than the bleeding 

complications associated with the use of LMWH for VTE (14). The aim of the current systematic 
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review was to evaluate the risk of antepartum and postpartum bleeding in women receiving 

therapeutic anticoagulation for VTE during pregnancy. 

 

MATERIAL AND METHODS 

This systematic review was conducted according to a prespecified protocol following the 

reporting guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement (15). The protocol was registered on PROSPERO 

(CRD42021276771) (16). Review objectives, criteria for study selection and bias assessment 

method were defined a priori.  

 

Sources 

A search strategy was developed in conjunction with a medical librarian. An electronic 

search was conducted from database inception to February 27, 2022, using the following 

databases: Medical Literature Analysis and Retrieval System (MEDLINE), Excerpta Medical 

Database (Embase), Scopus, Web of Science and ClinicalTrials.gov. The search strategy was 

based on two key concepts: (1) anticoagulation using key words including “heparin”, “low 

molecular weight heparin” and (2) bleeding using key words such as “antepartum” or “postpartum 

hemorrhage” (Appendix A). The search strategy was adapted for each database based on its 

specific nomenclature. There was no language or geographic location restriction applied. A manual 

search of the reference lists of all included studies and relevant review articles was additionally 

performed. All results were imported into an EndNote X9 library to remove duplicates and then 

transferred into Distiller SR (DistillerSR. Version 2.35. Evidence Partners; 2021) to ensure 

rigorous methodology and reporting. 
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Study selection 

Included studies (1) described women treated for an acute VTE during pregnancy (2) 

receiving weight-adjusted therapeutic-dose anticoagulation with LMWH, and (3) reported a 

defined bleeding outcome. Bleeding events during the antepartum and postpartum periods, as 

defined by the study, were evaluated. Studies where the main indication for therapeutic 

anticoagulation was not VTE (e.g., anticoagulation for mechanical heart valve) or the dose of 

anticoagulation used was not therapeutic (i.e., prophylactic or intermediate dose) were excluded. 

Studies including populations with mixed indications for therapeutic anticoagulation (e.g., VTE 

and antiphospholipid syndrome) were included so long as the majority of included patients (i.e., > 

50.0%) were treated for VTE.  Case reports, editorials, commentaries, conference abstracts and 

review articles were excluded. The articles identified in the literature search were screened by title 

and abstract by two independent reviewers (CS, LG). Articles deemed potentially relevant were 

retrieved for full-text review. Discrepancies during full-text review were resolved through 

discussion and by the opinion of a third reviewer (IM) when necessary. 

 

Data extraction and quality assessment 

An electronic data extraction form was developed and used by two independent reviewers 

(CS, LG). Disagreements were resolved by consensus or by a third reviewer (IM). Study and 

patient characteristics, intervention and outcome definitions were collected. Clinical bleeding 

outcomes, as defined by investigators in each study, were extracted. 
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The Risk of Bias in Non-randomized Studies of Intervention (ROBINS-I) tool was used 

for quality assessment by two independent reviewers (CS, TC) (17). Disagreements were resolved 

by consensus. The ROBINS-I tool was selected as it provides a comprehensive assessment of 

traditional epidemiological biases including confounding, selection, and information biases, as 

well as bias relating to how authors handle missing data and the choice of outcome (17). All 

eligible publications were included in the qualitative synthesis regardless of their assessed risk of 

bias. This was decided beforehand because of pre-existing knowledge of the literature and the 

known critical risk of confounding in retrospective cohort studies without control groups. 

 

Statistical Analysis 

We used a descriptive analytical approach to synthesize the incidence of bleeding 

associated with the use of therapeutic anticoagulation for VTE during pregnancy. Due to the 

known substantial heterogeneity between included publications in terms of bleeding definitions, it 

was decided that it would not be meaningful to meta-analyze the extracted data.  

 

RESULTS 

Search results 

A total of 2773 articles were identified with our search, 2212 of which remained after 

duplicates were removed. 2155 publications were excluded following title and abstract screening, 

and 57 articles underwent full-text review. Articles were excluded if they described patients treated 

with an anticoagulant at a dose other than therapeutic (n=17), if the main indication for 

anticoagulation was other than VTE (n=25), or if the article had no specified bleeding outcome 

(n=3). Review articles (n=4), case reports (n=2), and a conference abstract (n=1) were also 
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excluded following full-text review. Five articles meeting all inclusion criteria were included in 

our systematic review (Figure 1).  

 

Figure 1. Flow diagram of the systematic search used to identify studies performed on 
February 27, 2022 

 

 

Study characteristics 

The characteristics of included studies can be found in Table 1. Four retrospective cohort 

(8-10, 18) and one prospective cohort studies (19) were included, representing a total of 1487 

participants (611 receiving therapeutic-dose anticoagulation and 876 controls). Therapeutic-dose 
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anticoagulation was administered with LMWH or unfractionated heparin. Two studies included 

control groups of pregnant women without acute VTE who were not receiving anticoagulation (8, 

9), while the remaining studies had no control group (10, 18, 19). The bleeding definitions used in 

individual studies were variable. Two studies used the International Society on Thrombosis and 

Haemostasis (ISTH) major bleeding definition, which includes fatal bleeding and/or bleeding in a 

critical area or organ, and/or bleeding causing a fall in hemoglobin level of 20 g/L or leading to an 

intravenous transfusion of two or more units of whole blood or red cells (18, 19). One study used 

a composite endpoint of major hemorrhagic complication comprising bleeding requiring surgery, 

hospital readmission, admission to the intensive care unit, red blood cell transfusion or fluid 

resuscitation of 1 L or more of crystalloids for bleeding concerns (10). The two remaining studies 

used PPH as a bleeding endpoint, with one study using different bleeding thresholds according to 

the mode of delivery  (i.e. PPH of 500 mL or more and severe PPH of 1000 mL or more for vaginal 

delivery, and a blood loss of 1000 mL or more for cesarean section (CS)) (8), while the other study 

defined PPH and severe PPH without differentiation by mode of delivery (9). 
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Table 1. Studies evaluating bleeding in pregnant women treated for acute VTE 

Study 
Year of 

publicati
on 

Study 
design 

Pop
ulati
on 
size 
(n) 

Contr
ol 

group 
size 
(n) 

Interven
tion 

Bleeding 
definition Bleeding estimate 

Blanco-
Molina 
et al. 
(19) 

2007 Prospecti
ve cohort 
study  

136 NA LMWH  ISTH definition of 
major bleeding (20) 

Major bleeding: 4/136 (2.9%). 

Chan et 
al. (18) 

2012 Retrospe
ctive 
cohort 
study 

60 NA Once or 
twice 
daily 
LMWH  

ISTH definition of 
major bleeding (20) 

Major bleeding: 3/60 (5.0%, 95% CI 
1.0-14.0%). 6 total bleeding events 
(6/60, 10.0%). 

Côté-
Poirier 
et al. 
(10) 

2020 Retrospe
ctive 
cohort 
study 

232 NA Therapeu
tic dose 
LWMH 
or IVH 

Major hemorrhagic 
complication* 

Major hemorrhagic complication: 
9/149 (6.0%, 95% CI 2.8-11.1) for VD 
and 7/83 (8.4%, 95% CI 3.5-16.6) for 
CS. 

Knol et 
al. (8)  

2012 Retrospe
ctive 
cohort 
study 

88 352 Therapeu
tic dose 
nadropar
in (175 
units/kg/
day) 

VD: PPH ³  500 
mL, severe PPH ³ 
1000 mL 
CS: PPH ³ 1000 
mL 
 

PPH: 30.0% vs. 18.0% in treatment 
vs. control group (OR 1.9, 95% CI 
1.1-3.5) for VD and 12.0% vs. 4.0% in 
treatment vs. control group (OR 2.9, 
95% CI 0.5-19.4) for CS.   
 
Severe PPH:5.6% vs. 5.0% (OR 1.1, 
95% CI 0.4-3.6) for VD. 

Roshan
i et al. 
(9) 

2011 Retrospe
ctive 

95 524 Weight-
based 
therapeut

PPH > 500 mL, 
severe PPH > 1000 
mL 

PPH: 18.0% in treatment group vs. 
22.0% in control group (RR 0.8, 95% 
CI 0.5-1.4).  
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cohort 
study 

ic dose 
LMWH 
as 
defined 
by 
manufact
urer 

 
Severe PPH: 6.0% in both groups 
(RR 1.2 95% CI 0.5-2.9) 

Abbreviation: NA= non-available, LMWH =low-molecular-weight heparin, IVH = intravenous heparin, ISTH = International Society 
on Thrombosis and Haemostasis, CI = confidence interval, OR = odds ratio, ICU = intensive care unit, CS = cesarean delivery, VD = 
vaginal delivery, PPH = postpartum hemorrhage. 
*Major hemorrhagic complication defined as significant bleeding that occurred after the resumption of therapeutic anticoagulation 
requiring surgery, hospital readmission, admission to the intensive care unit, red blood cells transfusion, or fluid resuscitation of 1L or 
more of crystalloid (prescribed specifically for a bleeding concern after therapeutic anticoagulation resumption, so not related to the 
immediate intrapartum and postpartum period). 
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 Quality Assessment 

Based on ROBINS-I, the risk of bias of most included studies ranged from serious to 

critical (Appendix B). Retrospective cohort studies without control groups were evaluated as 

having critical risk of confounding due to the absence of controls (10, 18, 19).  All studies were 

judged to have a serious risk of bias in the measurement of the outcome due to the subjective nature 

of the bleeding outcome measurement in the absence of a standardized assessment method, and 

the vulnerability to influence from knowledge of the intervention in the absence of blinding of 

outcome assessors.  

 

 Bleeding complications  

Reported major bleeding events according to the ISTH definition of major bleeding ranged 

between 2.9 and 5.0% in women receiving therapeutic anticoagulation for an acute VTE during 

pregnancy (18, 19). When evaluating PPH, one study showed a higher risk of PPH in women 

receiving therapeutic anticoagulation when compared to controls undergoing vaginal delivery 

(30.0% vs. 18.0%, odds ratio (OR) 1.9, 95% confidence interval (CI) 1.1-3.5, p=0.029) (8), while 

another did not find a significant difference between the intervention and control groups (18.0% 

vs. 22.0%, relative risk (RR) for PPH 0.8, 95% CI 0.5-1.4) (9). In the study using the composite 

endpoint for major hemorrhagic complication, the outcome occurred in 6.0% (95% CI 3.5-16.6) 

of vaginal deliveries and 8.4% (95% CI 2.8-11.1) of cesarean deliveries (10).   
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DISCUSSION 

 

Our systematic review describes published rates of bleeding with therapeutic-dose 

anticoagulation for VTE during pregnancy. Five observational cohort studies reported bleeding 

outcomes in this patient population and were evaluated as having serious to critical risk of bias, 

mainly due to the absence of a control group and subjective measurement of the bleeding outcome. 

We observed risk estimates of major bleeding as defined by the ISTH ranging between 2.9% and 

5.0% and risk estimates of PPH between 12.0% and 30.0% associated with the use of therapeutic 

anticoagulation for VTE during pregnancy. 

 

Whether the use of therapeutic-dose anticoagulation for the treatment of VTE in pregnancy 

increases the incidence of bleeding remains unclear. While some studies in our review included a 

comparator group and showed inconsistent results (8, 9), others only reported incidence estimates 

in the total study population exposed to anticoagulants (10, 18, 19). The reported incidence of 

postpartum bleeding is 5% to 15% in the general population according to the World Health 

Organization (WHO) estimates, although the global incidence and severity of bleeding events in 

pregnancy remains unknown (21). While some studies included in our review reported bleeding 

rates that were overall within a similar range as the general population (10, 18, 19), others reported 

bleeding rates beyond what would be expected (8, 9). 

 

Several reasons may explain the reported variability in bleeding rates.  Firstly, bleeding 

definitions are not standard across studies. This may indirectly be reflective of the lack of 

agreement across national guidelines regarding the definition of PPH. The Society of Obstetricians 
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and Gynecologists of Canada (SOGC) and the American College of Obstetricians and 

Gynecologists (ACOG) take into consideration the mode of delivery to define PPH as blood loss 

greater than 500 mL for vaginal deliveries and greater than 1000 mL for CS (22-24).  The French 

College of Gynecologists and Obstetricians (FCOG) and the Royal Australian and New Zealand 

College of Obstetricians and Gynecologists (RANZCOG) define PPH as any blood loss greater 

than 500 mL and severe PPH as any blood loss greater than 1000 mL, irrespective of mode of 

delivery (25, 26). The Royal College of Obstetricians and Gynecologists (RCOG) in the United 

Kingdom further divides PPH into three categories: minor (500 mL to 1L), moderate (>1 to 2 L) 

and major (>2 L) bleeding events (27).  In addition to varying bleeding thresholds and 

discrepancies in considering delivery mode, visual estimation of the amount of blood loss has been 

recognized as an unreliable measure of hemorrhagic events (21). Moreover, the measurement of 

the bleeding outcome is vulnerable to ascertainment bias associated to the knowledge of the 

intervention, therapeutic-dose anticoagulation, received by study participants. 

 

Secondly, variability in bleeding rates may be due to differences in study populations. For 

example, aspirin use during pregnancy, which was only reported in two of the five included studies 

(8, 10), has been shown to be associated with an increased risk of postpartum bleeding (28). 

Maternal comorbidities and pregnancy complications including gestational diabetes, placenta 

previa or abruption, preeclampsia and eclampsia have been shown to increase the risk of 

postpartum hemorrhage (29, 30). These were not reported in included studies including control 

groups and may have differentially influenced bleeding rates (8, 9). 

 



 66 

Thirdly, variability in peripartum clinical practices may have influenced rates of bleeding. 

Obstetric interventions, including the management of the third stage of labour, differ by center, 

and this variation may further explain the variability in reported bleeding outcomes. The highest 

rates of PPH were reported in two studies performed in the Netherlands. This may be partly 

explained by the fact that an active management of the third stage of delivery with prophylactic 

administration of oxytocics and early cord clamping is not routinely performed in these centres, 

although these interventions have been shown to reduce the amount of blood loss (8, 9).  

Anticoagulation may also not be routinely held antepartum, which may further increase peripartum 

blood loss (6). In addition, the time interval between delivery and resumption of anticoagulation 

in the postpartum period influences the risk of bleeding complications in patients treated with 

therapeutic anticoagulation for VTE, with shorter intervals leading to a higher risk of major 

hemorrhagic complication (10). Time interval for postpartum anticoagulation was not standardized 

across studies and was only reported in one included study (10).  

 

The lack of standard bleeding definitions has affected the reliability of previously 

published bleeding estimates associated with the use of anticoagulation during pregnancy. A 

previous systematic review of anticoagulation for VTE during pregnancy including treatment with 

therapeutic and non-therapeutic doses of heparins reported an incidence of major PPH (defined by 

the RCOG as blood loss greater than 2 L) of 1.90% (95% CI 0.8-3.6%), with insufficient 

information provided on bleeding events in individual studies to apply a standardized bleeding 

classification. Given the limited information in some individual studies with regards to bleeding 

events, this rate should be interpreted cautiously (31). Another systematic review of pregnant 

patients with VTE treated with various doses of anticoagulation compared to controls receiving 
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either thromboprophylaxis or no anticoagulation reported no significant difference in the rate of 

antepartum bleeding events between the two groups (OR 1.08, 95% CI 0.84-1.40) (14). Our review 

contrasts the existing literature by reporting a wide range of bleeding events in patients receiving 

therapeutic-dose anticoagulation for VTE. It also complements previous reports by highlighting 

the urgent need for standardized bleeding definitions. 

 

Our systematic review has limitations. First, the observational nature of the included 

studies with small numbers of patients carries an inherent risk of bias with regards to population 

selection and measure of outcome. Second, the lack of standardization in bleeding definitions 

precluded a meta-analysis of reported bleeding outcomes. The ACOG’s reVITALize program has 

put forward a definition of PPH that includes cumulative blood loss regardless of route of delivery 

and signs or symptoms of hypovolemia which should alert clinicians to consequences of blood 

loss (32). Recently, the ISTH Scientific and Standardization Committee on Control of 

Anticoagulation has proposed a standardized classification of antepartum and postpartum bleeding 

events which classifies bleeding severity according to therapeutic interventions or consequence of 

blood loss rather than the bleeding event itself (21). Variable definitions of bleeding outcomes in 

studies evaluating anticoagulation use in pregnancy, whether prophylactic or other doses, is 

recognized by the committee. They propose uniform definitions of antepartum and  postpartum 

bleeding events during pregnancy (21).  These tools will undoubtedly help the standardization of 

bleeding severity in pregnant women receiving anticoagulation and facilitate future research. 

Moreover, the ongoing PREP & GO study will prospectively evaluate intrapartum and postpartum 

bleeding using standardized bleeding definitions for women on prophylactic and therapeutic doses 

of anticoagulation for VTE-related indications. This will help inform decisions on optimal 
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anticoagulation management and identify future research priorities for this patient population (33). 

Third, the lack of information and adjustment with regards to confounders including maternal 

comorbidities, co-medication, and management of the third stage of labour may have further 

influenced the risk of bleeding associated with the use of therapeutic anticoagulation for VTE in 

pregnancy. Lastly, other patient-important outcomes that may impact life such as minor bleeding, 

wound complications, and access to epidural anesthesia were not systematically evaluated (34).  

 

CONCLUSION 

 Among women who received therapeutic anticoagulation for VTE during pregnancy, 

reported bleeding risks are variable. The available observational studies do not provide reliable 

bleeding estimates or inform clinicians as to whether the risk of clinically significant blood loss is 

increased with the use of anticoagulation compared to non-anticoagulated patients. The ability to 

make definite inference is limited by the observational nature of studies, the small number of 

patients and the heterogeneity of bleeding definitions. Larger scale studies with standardized 

bleeding outcomes are required to evaluate the bleeding risk associated with therapeutic 

anticoagulation to optimize the care of this patient population. 
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APPENDIX A. Search strategy used in MEDLINE 

 

Postpartum hemorrhage.mp. or Postpartum Hemorrhage/ OR ((postpartum or post partum or 

antepartum or ante partum or peripartum or peri partum).mp. AND (hemorrhag* or haemorrhag* 

or bleeding.mp.) AND Heparin, Low-Molecular-Weight/ OR low molecular weight heparin.mp. 

OR Heparin/ OR heparin.mp. 

  



APPENDIX B. Quality Assessment of Included Studies 

 

 Bias Domain 

Study Outcome Confounding 

Selection of 
the 

participants 
in the study 

Classification 
of 

intervention 

Deviation 
from 

intended 
interventions 

Missing 
data 

Measurement 
of outcomes 

Reported 
results Overall 

Blanco-
Molina 
et al. 
(19) 

Major 
bleeding Critical Moderate Low Low Low Serious Low Critical 

Chan et 
al. (18) 

Major 
bleeding Critical Moderate Low NI Low Serious Low Critical 

Côté-
Poirier 
et al. 
(10) 

Major 
hemorrhagic 
complication 

Critical Moderate Low NI Moderate Serious Low Critical 

Knol et 
al. (8) 

Postpartum 
hemorrhage Serious Moderate Low Low Moderate Serious Low Serious 

Roshani 
et al. 
(9) 

Postpartum 
hemorrhage Serious Moderate Low Low Moderate Serious Low Serious 

Abbreviation: NI: not included 
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CHAPTER 3: TRANSITION 
 

The systematic review of the literature highlighted the need for population-based 

estimates of bleeding in women treated with LMWH for VTE during pregnancy. To better 

understand the current clinical practice of healthcare professionals as well as their perception of 

the bleeding risk associated with therapeutic LMWH during pregnancy, we conducted an 

international survey evaluating the practice of healthcare providers caring for pregnant women. 

The objective of this survey was to highlight practice variation and inconsistent perception with 

regards to bleeding, to further establish the need for population-based bleeding estimates. In the 

survey results of 96 international respondents, we found substantial variations in dosing 

strategies and peripartum management of anticoagulation (8). When presented a clinical vignette 

describing a patient with a stable PE in the early third trimester, 30.2% of respondents opted to 

keep once daily therapeutic-dose LMWH, 39.6% opted to switch to twice daily dosing at 36 

weeks’ gestation and 29.2% chose to admit the patient for bridging with intravenous heparin 

peripartum (Figure 8) (8). This further clarified the need for comparing once vs. twice daily 

dosing of therapeutic-dose LMWH around delivery with regards to the risk of bleeding. 

Moreover, when questioned about their perceived risk of bleeding associated with the use of 

therapeutic anticoagulation, there was no clear consensus as to whether therapeutic 

anticoagulation increases the risk of clinically relevant non-major bleeding, as defined by the 

ISTH (Figure 9) (35). These variations are likely driven by the lack of consensus with regards to 

bleeding definitions, both in clinical practice and in the literature, and the poor quality of 

available studies evaluating bleeding in these patients, as highlighted by our systematic review.  

 



 75 

Figure 8. Peripartum anticoagulation management of a venous thromboembolism in the 
third trimester (8) 
 

 

Abbreviations: LMWH = low-molecular-weight heparin, VTE = venous thromboembolism. 
Figure adapted from Simard et al. Thrombosis Research, 2021. 
 

 
  



 76 

Figure 9. Physician perception of bleeding risk in women treated with therapeutic 
anticoagulation for venous thromboembolism during pregnancy (8) 
 

 

Figure from Simard et al. Thrombosis Research, 2021. 
 

Canadian utilization data for anticoagulant medications in the general population has 

shown that over 50% of LMWH prescriptions dispensed are for dalteparin (65). Preliminary 

exploration of utilization data from the province of Québec shows that dalteparin is also the 

preferred LMWH for the treatment of VTE, with over 70% of pregnant women with VTE 

receiving dalteparin. Since dalteparin is the preferred anticoagulant in pregnancy, understanding 

whether this LMWH type confers a benefit regarding bleeding complications needs to be 

determined.  
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CHAPTER 4: ORIGINAL RESEARCH  
 

4.1 Preface to second manuscript 
 

 Based on the systematic review of the literature which showed a wide range of 

bleeding estimates between 2.9% and 30.0% using variable bleeding definitions across studies 

and our survey of clinical practice which showed practice variation with regards to anticoagulant 

management, we recognized the need for population-derived estimates to evaluate the 

association between the use of LMWH for the treatment of VTE during pregnancy and the risk 

of bleeding. We performed a population-based cohort study evaluating the risk of bleeding 

associated with the use of the most commonly used LMWH, dalteparin, compared to enoxaparin 

or tinzaparin. We explored the difference in the incidence of bleeding, including antepartum and 

postpartum bleeding events. Given practice variation with regards to LMWH dosing (daily vs. 

twice daily), we compared the incidence of bleeding between these two dosing strategies. We 

discuss our findings, as well as the limitations of the results in the discussion section of the 

manuscript. Details of the methodology and the algorithm used to identify the study population 

are also presented in a supplement following the manuscript.  
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Abstract 
 
INTRODUCTION 

Pregnant women diagnosed with venous thromboembolism (VTE) are usually treated 

with low-molecular-weight heparin (LMWH). Dalteparin is the most prescribed LMWH in 

Canada. LMWHs differ in their pharmacodynamic and pharmacokinetic properties, which may 

affect the risk of bleeding associated with their use. Moreover, LMWH may be given in once vs. 

twice daily dosing, which may affect peripartum bleeding risks. We aimed to better characterize 

bleeding events in women with LMWH by estimating the risk of bleeding with LMWH, 

comparing the risk of bleeding between the use of dalteparin vs. enoxaparin or tinzaparin, and 

comparing the risk with once vs. twice daily peripartum dosing among patients treated for VTE 

during pregnancy. 

 

MATERIALS AND METHODS 

We conducted a retrospective cohort study using data from the linked electronic 

administrative healthcare databases of the province of Québec, Canada. We followed a cohort of 

pregnant women diagnosed with VTE during pregnancy and treated with dalteparin, enoxaparin, 

or tinzaparin until an inpatient diagnosis of bleeding or censoring due to discontinuation of 

LMWH use, cessation of medication coverage eligibility, death, or the end of the study period 

(December 31, 2015). Major bleeding was defined as a hospitalization for bleeding or bleeding-

related death within the study period. 

 

 

 



 80 

RESULTS  

 The study cohort comprised 259 women treated with LMWH for a VTE during 

pregnancy. 188 (72.6%) women received dalteparin, and 71 women received enoxaparin or 

tinzaparin (27.4%). A total of 20 patients (7.7%) experienced bleeding during hospitalization 

during the study period. The results regarding a potential difference in the risk of bleeding 

between dalteparin and enoxaparin or tinzaparin were limited by the uncertainty around the 

estimates; however, the risk estimate was close to the null (hazard ratio (HR) 0.9, 95% 

confidence interval (CI) 0.2-2.5). A similar pattern was observed when comparing treatment with 

once vs. twice daily LMWH (HR 0.8, 95% CI 0.2-2.9). 

 

CONCLUSION 

We provide a population-derived estimate of bleeding in patients treated with LMWH for 

a VTE during pregnancy. Larger epidemiologic studies and randomized trials are needed to 

better address the factors related to LMWH management in pregnant women to optimize the care 

of this patient population. 
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Introduction 

 

 Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and 

pulmonary embolism (PE), is a leading cause of maternal mortality in high-income countries (1). 

Pregnancy represents a hypercoagulable state resulting from the hormonally induced decreased 

venous capacitance, decreased venous return, increased concentrations of coagulation factors and 

peripartum vascular injury (2). Women are usually treated with subcutaneous weight-adjusted 

low-molecular-weight heparin (LMWH) for acute VTE during pregnancy. Anticoagulation is 

recommended for a minimum of three months, with LMWH usually continued until at least six 

weeks postpartum (3, 4). 

 

 Individual LMWHs, including dalteparin, enoxaparin and tinzaparin, are considered as 

having similar anticoagulant properties (5). However, in Canada, over 50% of prescriptions 

dispensed LMWHs are for dalteparin (6). Whether dalteparin is associated with safety benefits is 

not known. Moreover, LMWHs differ in their pharmacodynamic and pharmacokinetic 

properties, which may impact anticoagulant-related bleeding risks (5). In the non-pregnant 

population, evidence pertaining to the risk of bleeding with different LMWHs has been 

contradictory: while some studies demonstrated no difference with regards to bleeding 

complications between enoxaparin compared to dalteparin or tinzaparin (7, 8), a large 

randomized trial has shown a lower rate of major bleeding with fondaparinux compared with 

enoxaparin in patients with myocardial infarction (9). Since dalteparin is the preferred LMWH, 

and individual LMWHs may have different safety profiles, determining whether dalteparin is 

associated with a lower risk of bleeding is important. 
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Physiological changes in pregnancy, which include increased volume of distribution 

caused by increases in body weight and glomerular filtration rate may differentially affect 

pharmacodynamic characteristics of individual LMWHs (10). Moreover, LMWH can be 

administered once or twice daily during pregnancy (3, 4). Clinicians often opt to treat with once 

daily LMWH for ease of administration, with some transitioning to twice daily dosing around 

delivery because of a perceived lower bleeding risk (11). Whether twice daily dosing reduces the 

risk of bleeding around delivery is not well understood (4). 

 

Using a defined study population, we sought to characterize the risk of bleeding in 

patients treated with LMWHs for VTE in pregnancy. The primary objectives were (1) to report a 

population-based estimate of major bleeding in this population and (2) to compare the risk of 

major bleeding among pregnant women with acute VTE treated with dalteparin vs. enoxaparin or 

tinzaparin. Secondary objectives were (1) to compare the risk of antepartum and postpartum 

bleeding between dalteparin vs. enoxaparin or tinzaparin and (2) to compare the risk of bleeding 

events with once daily dosing vs twice daily dosing of any LMWH. 

 

Methods 

 Data source 

We conducted a retrospective, population-based cohort study using data extracted from 

the linked electronic administrative healthcare databases in the province of Québec, Canada 

including the Régie de l’assurance maladie du Québec (RAMQ), the Maintenance et exploitation 

des données pour l’étude de la clientèle hospitalière (MEDÉCHO), and the Institut de la 
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statistique du Québec (ISQ). The RAMQ database contains information about patient 

demographics, outpatient diagnoses codes using the International Classification of Diseases 

(ICD), 9th Revision (ICD-9) or enhanced version of ICD 10th revision for Canada (ICD-10-CA), 

outpatient procedures and outpatient prescriptions. The quality of RAMQ data has previously 

been validated and shown to be highly specific for different conditions, diagnoses, and drug 

prescriptions (12, 13). The MEDÉCHO database includes records of all hospitalizations in 

Québec with date and type of admission and discharge, inpatient diagnoses, and inpatient 

procedures. The ISQ database contains vital statistics including the date and cause of death. The 

study protocol was approved by the Research Ethics Board of the Jewish General Hospital in 

Montreal, Québec (project number 2022-3111).  

 

 Study population 

 The source population comprised all women aged 18-45 years with an incident VTE 

during pregnancy among Québec residents eligible for RAMQ medication coverage with a 

diagnosis of incident VTE between January 1, 1998, and December 31, 2015. Included 

individuals were continuously insured by the Public Prescription Drug Insurance Plan of the 

RAMQ for at least six months prior to incident VTE. Women with a prescription for LMWH 

within a year of incident VTE were excluded from the cohort. Information on length of gestation 

(in weeks), available in the MEDÉCHO database, was used to identify women who were 

pregnant at the time of the incident VTE. When that variable was not available, a previously 

validated algorithm was used to estimate the date of conception (14-16).  
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From the source population, we included women who initiated LMWH within 15 days of 

incident VTE to avoid selection bias. The date of study cohort entry was 15 days after the date of 

incident VTE. To further reduce the risk of selection bias, we excluded women whose follow-up 

ended before or on date of cohort entry, either because they switched exposure group (from one 

LMWH type to another type), because of end of registration, or study end date. All women were 

followed from cohort entry until the earliest of the following:  (1) occurrence of major bleeding 

or bleeding-related death (defined below), (2) discontinuation of LMWH defined as a gap of at 

least 30 days after the end of a prescription and the beginning of another prescription, (3) a 

prescription for a non-LMWH anticoagulant (vitamin K antagonist or direct oral anticoagulant), 

(4) a prescription for a different LMWH anticoagulant (intra-class switch), (5) end of the 

registration with the Public Prescription Drug Insurance Plan of the RAMQ or (6) study end date 

on December 31, 2015. 

 

 Exposure definition 

 Exposure was defined as a prescription for LMWH within 15 days of incident VTE. 

Patients were classified into two mutually-exclusive categories; (1) dalteparin users; (2) 

enoxaparin or tinzaparin users. LMWH was defined using an on-treatment approach that 

assessed the risk of major bleeding while using LMWH. Patients were considered continuously 

exposed to LMWH when prescription durations were overlapping each other while allowing a 

30-day grace period in the event of a non-overlapping prescription.  
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 To identify once daily vs. twice daily LMWH prescriptions, cohort entry was shifted for 

15 days following incident VTE to 30 days following incident VTE. Prescriptions for LMWH 

between day 15 and day 30 were used to categorize individuals into once vs. twice daily dosing. 

we assesssed the exposure during the first 15 days following cohort entry. We assessed the 

exposure at a fixed-point following cohort entry to avoid selection bias. When the total dispensed 

dose of LMWH exceeded 15 doses in 15 days, LMWH was considered as prescribed twice daily. 

Conversely, if the total dispensed dose of LMWH was less than 15 doses in that period, LMWH 

was considered to be prescribed once daily. 

   

Outcome definition 

 The primary outcome was major bleeding, defined as (i) an inpatient diagnostic code for 

bleeding (anywhere in the hospitalization record; complete list of diagnostic codes in Appendix 

A) or (ii) death due to bleeding (Appendix A). Major bleeding included both pregnancy-related 

and non-pregnancy related bleeding events (Appendix A) (17, 18). Secondary outcomes included 

antepartum and peripartum bleeding and all-cause mortality. Obstetric bleeding was classified as 

being antepartum if it occurred prior to delivery hospitalization, or postpartum if it occurred after 

delivery until 6 weeks postpartum. The MEDÉCHO and ISQ databases were used to ascertain 

maternal mortality. All death events were assigned the 15th of the respective month as date of 

death, as the ISQ database contains month and year but not exact date of death due to data 

protection regulations. 
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 Covariate selection 

 A directed acyclic graph was used to depict the causal relationship between variables 

included in the conceptual framework to identify confounding variables using subject matter 

expertise (Appendix B) (19). Covariates were identified in the year prior to pregnancy and were 

defined using relevant diagnostic codes (Appendix C). Maternal comorbidities were defined 

using an assessment window that included the duration of pregnancy as well as 1 year prior to 

pregnancy. To estimate the direct effect of LMWH choice on bleeding events, chronic kidney 

disease and obesity were identified as potential confounders.  

 

 Statistical analyses 

 We calculated crude incidence rates for the primary and secondary outcomes using 95% 

confidence intervals (CIs). We used Cox proportional hazards models to estimate hazard ratios 

(HRs) and 95% CIs of the study outcomes associated with the use of dalteparin compared to the 

use of enoxaparin or tinzaparin, bleeding outcomes associated with once compared to twice daily 

dosing of LMWH, and all-cause mortality in women treated with LMWHs. There was 

insufficient patients to adjust for previously identified confounders. We performed four 

sensitivity analyses. First, to better estimate the effect of LMWH dosing (daily vs. twice daily) at 

the time of delivery, we performed an exploratory sensitivity analysis that restricted to incident 

VTE occurring at 30 weeks of gestation or later. Second, because we assumed that pregnant 

patients treated with LMWH for an acute VTE have an overall good adherence to treatment, we 

used a 15-day grace period between non-overlapping successive prescriptions to assess for 

possible exposure misclassification. Third, we used the 1st day of the month as date of death in 
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the ISQ database to assess for mortality, to assess for possible misclassification of the outcome 

for mortality. Finally, we performed an intention-to-treat analysis to assess the potential impact 

of informative censoring due to the as-treated exposure definition. All analyses were performed 

using SAS (version 9.4). 

 

Results 

 A total of 259 pregnant women with a diagnosis of VTE during pregnancy initiated a 

prescription for LMWH within 15 days of incident VTE (Figure 1).  Of these, 188 (72.6%) 

received a prescription for dalteparin and 71 (27.4%) received a prescription for either 

enoxaparin or tinzaparin. Table 1 shows patient characteristics at study cohort entry stratified by 

LMWH group. The mean age was 29 years (standard deviation (SD) 6.1). A total of 78.0% of 

patients had a diagnosis of deep vein thrombosis (DVT), 22.0% had a diagnosis of PE. Six 

(2.3%) patients had chronic hypertension and 8 (3.9%) had a diagnosis of diabetes mellitus. The 

utilization of enoxaparin and tinzaparin increased in recent years. Women treated with 

enoxaparin or tinzaparin were more likely to be treated for a PE rather than a DVT and had a 

higher proportion of chronic pulmonary disease. 

 

 Overall, 20 patients (7.7%) had a major bleeding event, 15 (5.8%) in the dalteparin group 

and 5 (1.9%) in the enoxaparin or tinzaparin group. Bleeding events occurred up to 34 days 

postpartum. The incidence rate of major bleeding was 300.4 per 1000 person-years in the 

dalteparin group (95% CI 168.1-495.5) and 345.1 per 1000 person-years in the enoxaparin or 

tinzaparin group (95% CI 112.1-805.4). Compared with the uses of enoxaparin or tinzaparin, the 

crude HR for bleeding with dalteparin was 0.9 (95% CI 0.3-2.5) (Table 2). Since no participant 
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had kidney disease in the dalteparin group and no participant had obesity in the enoxaparin or 

tinzaparin group, our model could not be adjusted for these comorbidities. In addition, there were 

no difference in antepartum or postpartum bleeding events in both groups (Table 2). There were 

no deaths. Once daily dosing of LMWH did not appear to be associated with a higher bleeding 

incidence compared to twice daily dosing LWMH (Table 2). The sensitivity analyses performed 

yielded findings that were consistent with those of the primary analysis (Appendices D and E).   

 

Figure 1. Flowchart of the study cohort  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Patients eligible for RAMQ prescription 
drug insurance with a VTE diagnosis 

ICD-9 or ICD-10 code between January 
1, 1998, and December 31, 2015 (n = 

325 560) 

- Male patients (n = 121,796) 
- < 6 months RAMQ prescription 

drug coverage (n=10, 121) 
-  < 18 and > 45 years at first VTE 

diagnosis (n = 150,185) 
-  Non pregnant individuals at time 

of VTE (n = 40,892) 

- No LMWH prescription within 
15 days of VTE diagnosis (n = 
2,222) 

- Prescription for LMWH in the 
year before incident VTE (n = 
77) 

- Follow-up time of  0 days (n = 8) 

Patients in source population (n = 2,566) 

Patients in study cohort (n = 259) 
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Table 1. Characteristics of pregnant patients treated with therapeutic dose dalteparin 
compared to enoxaparin or tinzaparin for venous thromboembolism 
 

Characteristic Dalteparin Enoxaparin or 
tinzaparin 

 n or mean (% or SD) n or mean (% or SD) 
 188 (72.6) 71 (27.4) 
VTE characteristic   
Year of VTE   
1998-2003 62 (33.00) 16 (22.5) 
2004-2009 52 (27.7) 19 (26.8) 
2010-2015 74 (39.4) 36 (50.7) 
Type of VTE   
Deep vein thrombosis 152 (80.9) 50 (70.4) 
Pulmonary embolism 36 (19.1) 21 (29.6) 
Pregnancy characteristic   
Multiple gestation 8 (4.3) 0 (0) 
Prolonged labour * * 
Placenta previa * 0 (0) 
Previous cesarian delivery 8 (4.3) 0 (0) 
Maternal characteristic   
Age 29.8 (6.1) 28.4 (6.3) 
Gestational age 20.5 (10.4) 22.2 (11.5) 
Chronic hypertension 5 (2.7) * 
Gestational hypertension 0 (0) 0 (0) 
Preeclampsia/eclampsia * 0 (0) 
Chronic kidney disease 0 (0) * 
Heart disease (any) * * 
Diabetes mellitus 8 (4.3) * 
Hypothyroidism * * 
Anemia * 0 (0) 
Systemic lupus erythematosus 0 (0) 0 (0) 
Tobacco smoking * * 
Drug use disorder * 0 (0) 
Chronic pulmonary disease 8 (4.3) 7 (9.9) 
Malignancy (any) * * 
Obesity * 0 (0) 

Abbreviations: %: percentage of patients; n: number of patients; SD: standard deviation; VTE: 
venous thromboembolism 
*Any cells with less than 5 patients were suppressed as per RAMQ privacy policy. 
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Table 2. Incidence of bleeding and death in patients treated with LMWH for VTE during 
pregnancy 
 

 Patien
ts (n) 

Events 
(n) 

Person-
years 

Incidence rate 
(95% CI) ** 

Crude HR 
(95% CI) 

 
Major bleeding 

 
Any LMWH 259 20 64.4 310.5 (189.6-479.5) NA 
Dalteparin vs. 
enoxaparin/tinzaparin 

     

Dalteparin 188 15 49.9 300.4 (168.1-495.5) 0.9 (0.2-2.5) 
Enoxaparin/tinzaparin 71 5 14.5 345.1 (112.1-805.4) 1 (Ref) 

 
Antepartum obstetric bleeding 

 
Dalteparin 188 5 50.9 98.1 (31.9-229.0) NA 
Enoxaparin/tinzaparin 71 0 14.7 0.0 (0.0) 1.0 (Ref) 

 
Postpartum obstetric bleeding 

 
Dalteparin 188 9 50.8 177.3 (81.1-336.6) 0.7 (0.2-2.2) 
Enoxaparin/tinzaparin 71 * * 275.2 (75.0-704.5) 1.0 (Ref) 

 
All-cause related mortality 

 
Dalteparin 188 0 51.7 0.0 (0.0) NA 
Enoxaparin/tinzaparin 71 0 14.7 0.0 (0.0) 1.0 (Ref) 

*Any cells with less than 5 patients were suppressed as per RAMQ privacy policy. 
**Per 1000 person-years 
Abbreviations: CI: confidence interval, HR: hazard ratio, NA: not available, n: number of 
patients, Ref: reference. 
 
 
Table 3. Incidence of bleeding in patients treated with once daily vs. twice daily LMWH for 
VTE during pregnancy 
 

 Patien
ts (n) 

Event
s (n) 

Person-
years 

Incidence rate 
(95% CI) ** 

Crude HR 
(95% CI) 

Once daily LMWH 153 7 32.0 219.0 (88.0-451.2) 1.0 (Ref) 
Twice daily LMWH 70 * * 177.3 (48.3-453.9) 0.8 (0.2-2.9) 

*Any cells with less than 5 patients were suppressed as per RAMQ privacy policy. 
**Per 1000 person-years 
Abbreviations: CI: confidence interval, HR: hazard ratio, n: number of patients, Ref: reference. 
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Discussion 

 

We report the risk of bleeding associated with anticoagulant use in a population-based cohort 

of women with incident VTE in pregnancy. Overall, 7.7% of women experienced a bleeding 

event, representing an incidence of 310.5 per 1000 person-years. Dalteparin was the most 

dispensed LMWH. We did not observe a significant difference in bleeding in women treated 

with dalteparin vs. enoxaparin or tinzaparin for a VTE during pregnancy. Moreover, we did not 

detect a difference in bleeding between once vs. twice daily LMWH dosing. 

 

We found 20 (7.7%) major bleeding events in our population. A recent systematic review 

of the literature described risks of major bleeding, as defined by the individual study, between 

2.9% and 30.0% (20). In the included studies, bleeding was defined as postpartum hemorrhage, 

or a composite outcome of bleeding which included variables such as bleeding in a critical organ, 

drop in hemoglobin level >20 g/L, need for transfer to the intensive care unit, or blood product 

transfusion (21, 22). Our population-based cohort study provides an estimate of hospitalizations 

with bleeding, both antepartum and postpartum, an outcome that is relevant to patients and 

healthcare providers. Moreover, while dalteparin is the most commonly used LMWH in Canada, 

it does not appear to confer a benefit pertaining to bleeding complications in pregnancy (6). Our 

conclusions are limited by the uncertainty around the bleeding incidences with wide confidence 

intervals and should be considered to be hypothesis generating.  

 

While pharmacological properties including mean molecular weight, elimination half-life 

and anti-Xa activity differ between these three LMWH agents (23), this does not appear to 
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translate into clinically different safety profiles in this patient population. Moreover, an 

international survey assessing the management of therapeutic anticoagulation in pregnant women 

with VTE showed that a significant proportion of healthcare providers opt to transition to twice 

daily LMWH dosing prior to induction of labour (11). This is done because of a perceived lower 

risk of bleeding around delivery with twice daily LMWH dosing (11). However, our findings 

suggest that this practice is not associated with a decreased risk of bleeding while being 

cumbersome for patients.  

 

There are some potential limitations to the present study. First, a significant proportion of 

the source population was excluded because patients with an ICD code for VTE did not have a 

prescription for LMWH, leaving only 259 women in study population. This reflects an inherent 

limitation of population-based data, where patients being evaluated for the presence or absence 

of a pathology, in this case VTE, are identified with ICD codes. We hypothesize that these 

patients were evaluated for VTE and were found not to have a thrombosis, which lead to the 

absence of a LMWH prescription, or were diagnosed with thrombotic event that may not require 

LMWH therapy, such as below-knee DVT or superficial vein thrombosis (SVT). Second, women 

who did not deliver in a hospital setting and women who are not covered by a RAMQ drug plan 

were not captured in our study. Given that women with an acute VTE are considered to have 

high risk pregnancies, we expect that the majority would be treated in a hospital setting. The 

RAMQ provides universal coverage for those over the age of 65 years of age and provides 

coverage during non-employed periods. 42% of the general Quebec population is covered by the 

RAMQ (24). Moreover, we do not expect that RAMQ coverage would be differential between 

LMWH groups (25). Third, given the algorithm used to create our study cohort, pregnancy at the 
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time of VTE was assessed at a time point in the future. This may have introduced immortal time 

bias given it necessitates survival to the pregnancy event. We expect that this event would be 

rare given the young median age of our study cohort. Fourth, the incidence of bleeding was 

calculated based on LMWH dispensed and may not necessarily reflect actual intake (25). 

However, the use of pharmacy prescription claims to ascertain maternal use of medication in 

pregnancy has been shown to have a high positive and negative predictive value (26). Fifth, 

drugs dispensed during hospitalisation are not included in the RAMQ database. We were hence 

not be able to identify precisely when LWMH was resumed following a delivery or abortive 

outcome, and timing of resumption has been shown to influence the incidence of postpartum 

bleeding (27). In women treated with therapeutic anticoagulation, earlier resumption of 

anticoagulation in the postpartum period has been associated with major hemorrhagic 

complications, defined as a composite outcome of bleeding requiring surgery, hospital 

readmission, admission to the intensive care unit, red blood cell transfusion, or fluid resuscitation 

of 1 liter of more of crystalloids prescribed for bleeding concern (22). Specifically, major 

hemorrhagic complications were associated with resumption of therapeutic anticoagulation 

within 9.25 hours of a vaginal delivery, and 15.1 hours of a cesarian delivery (22).  To allow us 

to have a more comprehensive assessment of bleeding, we included antepartum bleeding events 

in our study, which allowed to evaluate the incidence of bleeding throughout pregnancy. Sixth, 

misclassification of bleeding outcomes is possible because of coding errors leading to 

underdiagnosis of bleeding conditions has been reported and may affect our results (28). 

However, we expect that misclassification would be non-differential between groups. Finally, the 

assessment of once daily vs. twice daily LMWH dosing required assumptions based on the total 

quantity of LMWH dispensed in our database. The healthcare databases used allow to identify 
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the total dispensed dose of a medication prescribed over a specific time period. It does not allow 

to precisely identify how drugs are prescribed with regards to dosing (once daily, twice daily, 

thrice daily, etc.).  For this reason, we opted to use a 15-day period after cohort entry and assign 

total dispensed dose > 15 doses as twice daily, and total dispensed dose ≤ 15 doses as once daily. 

This may have led to exposure misclassification, especially at time of delivery. This finding 

should be considered as hypothesis generating and requires further study. 

 

Conclusion 

This study provides a population-derived estimate of bleeding in pregnant women treated 

with therapeutic anticoagulation for VTE during pregnancy. Our results show that, while 

dalteparin is the most used LMWH for this indication in pregnancy, this does not appear to 

translate into a favourable safety profile compared to enoxaparin or tinzaparin with regards to 

bleeding complications. Twice daily administration of LMWH may not decrease the risk of 

postpartum bleeding. Prospective studies evaluating peripartum management of anticoagulation 

are required to optimize the care of this patient population.  
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Appendix A. Diagnostic and procedure codes for obstetric-related and non-obstetric 
related bleeding events 
 

Description ICD-9 ICD-10 ACTE CCI CCADTC 
Obstetric-related bleeding events 
Abnormal uterine and 
vaginal bleeding 

626 N93    

Abortion complicated by 
hemorrhage 

6381 O07.1, 
O07.6 

   

Antepartum hemorrhage 640 O20, O46, 
O47 

   

Peripartum hemorrhage 641.3, 
641.8, 641.9 

O67    
 

Postpartum hemorrhage 666 
 

O72    

Postpartum hemorrhage 
with 
embolization/ligation/suture 
of uterus 

   1.RM.13*, 
1.KT.51*, 
5.PC.91.LA
* 

 

Hysterotomy    06148, 
06265, 
06216, 
06266, 
06270, 
06276, 
06274, 
06273, 
06913, 
06099 

5.CA.89, 
1.RM.87, 
1.RM.91, 
1.RM.89, 
1.RS.80, 
5.MD.60.R
C, 
5.MD.60.R
D, 
5.MD.60.K
E, 
5.MD.60.C
B 

80.19, 80.2, 
80.3, 80.4, 
80.5, 80.6, 
86.42 

Non-obstetric related bleeding events 
Gastrointestinal site      
Gastroduodenal site 531.0, 

531.2, 
531.4, 
531.6, 
532.0, 
532.2, 
532.4, 
532.6, 
533.0, 
533.2, 
533.4, 
533.6, 

K25.0, 
K25.2, 
K25.4, 
K25.6, 
K26.0, 
K26.2, 
K26.4, 
K26.6, 
K27.0, 
K27.2, 
K27.4, 
K27.6, 
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534.0, 
534.2, 
534.4, 
534.6, 
535.01, 
535.11, 
535.21, 
535.31, 
535.41, 
535.51, 
535.61, 
537.83 

K28.0, 
K28.2, 
K28.4, 
K28.6, 
K29.0, 
K29.21, 
K29.41, 
K29.51, 
K29.61, 
K29.71, 
K29.81, 
K29.91, 
K31.811 

Esophageal site 456.0, 
456.20, 
530.7, 
530.82 

I85.01, 
I85.11, 
K22.6, 
K22.8 

   

Upper gastrointestinal, 
unspecified 

578.0 K92.0    

Lower gastrointestinal site 455.2, 
455.5, 
455.8, 
562.02, 
562.03, 
562.12, 
562.13, 
568.81, 
569.3, 
569.85 

K62.5, 
K64.4, 
K64.8, 
K57.11, 
K57.13, 
K57.31, 
K57.33, 
K66.1, 
K62.5, 
K55.21 

   

Unspecified site 578.1, 578.9 K92.1, 
K92.2 

   

Genitourinary site 593.81, 
599.7, 623.8 

N28.0, 
R31.9, 
R31.0, 
R31.1, 
R31.2, 
N89.8 

   

Cerebral site 430, 431, 
432.0, 
432.1, 432.9 

I60.9, I61.9, 
I62.1, I62.0, 
I62.9 

   

Other site 423.0, 
459.0, 
568.81, 
719.1, 
784.7, 
784.8, 786.3 

I31.2, R58, 
K66.1, 
M25.0, 
R04.0, 
R04.1, 
R04.2, 
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R04.9, 
R04.8 

*Include only if ICD code for postpartum hemorrhage  
Abbreviations: CCADTC = Classification canadienne des actes diagnostiques, thérapeutiques et 
chirurgicaux, CCI = Classification canadienne des interventions en santé, ICD-9 = 
International Classification of Diseases, 9th Revision, ICD-10 = International Classification of 
Diseases, 10th Revision. 
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Appendix B. Adjusted and simplified directed acyclic graphs of the relationship between 
LMWH selection for VTE in pregnancy and bleeding events 
 

a) Directed acyclic graph colour legend 
 

 



 
b) Adjusted directed acyclic graph 

 

 
 
 
 
 



 
c) Simplified directed acyclic graph  

 
Abbreviations: BID = twice daily, CKD = chronic kidney disease, CS =cesarian section, 
DIE = once daily, LMWH = low-molecular-weight heparin, SLE = systemic lupus 
erythematosus, VD = vaginal delivery, VTE = venous thromboembolism.  
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Appendix C. Diagnostic codes for maternal comorbidities and pregnancy characteristics 
 

Description ICD-9 ICD-10 
Maternal characteristics 
Chronic hypertension 401.x-405.x, 642.0x-642.2x, 

642.7x 
I10-I15, O10.0, O10.9 

Gestational hypertension 642.3 *without preeclampsia, 
eclampsia, or chronic 
hypertension code 

O13x, O16x 

Preeclampsia 642.4, 642.5, 642.7 O14.x 
Eclampsia  642.6 O15.x 
Chronic kidney disease 581.x-583.x, 585.x, 587.x, 

588.x, 646.2 
N02-N05, N08, N18 

Heart disease (any) 412.x-414.x 
394.x-397.x, 424.x 
428.2, 428.3, 428.4 
745.0-747.x, 648.5 

I20.x, I25.x 
I05.x-I08.x 
I50.2-I50.4 
Q20.x, Q22.x, Q25.x-Q27.x, 
O99.4 

Diabetes mellitus  250.x1, 250.x3, 250.x0, 250.x2, 
648.8 

E10, E11, O24.4, 648.8, O99.8 

Hypothyroidism 243.x, 244.x, 245.x E009, E02, E03, E06, E89 
Systemic lupus erythematosus  710.0 M32.1 
Anemia 280.1–281.9, 285.9 D50.8, D50.9, D51.x–D53.x 
Tobacco smoking 305.1, 649.0 F17.2 
Drug use disorder 292.0, 292.8, 292.9, 304.x, 

305.2–305.9, 648.3 
F11.x–F16.x, F18.x, F19.x, 
Z71.5, Z72.2 

Chronic pulmonary disease  490–492.8, 493.0–493.9, 
494.x–505.x, 506.4 

I27.8, I27.9, J40.x–J47.x, 
J60.x–J67.x, J68.4, J70.1, J70.3 

Malignancy (any) 140.x–172.x, 174.x.–195.8, 
200.x–208.x 

C00.x–C26.x, C30.x–C34.x, 
C37.x–C41.x, C43.x, C45.x–
C58.x, C60.x–C76.x, C81.x–
C85.x, C88.x, C90.x–C97.x 

Obesity 278.0, 649.1, V85.3, V85.4  E66.x 
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Appendix D. Sensitivity analysis of the risk of major bleeding associated with the use of 
once vs. twice daily LMWH restricting to VTE occurring as of 30 weeks’ gestation 
 
 Patien

ts (n) 
Event
s (n) 

Person-
years 

Incidence rate 
(95% CI) ** 

Crude HR 
(95% CI) 

Once daily LMWH 28 * * 711.5 (18.0-3964.2) 1.0 (Ref) 
Twice daily LMWH 9 0 0.7 0 NA 

*Any cells with less than 5 patients were suppressed as per RAMQ privacy policy. 
**Per 1000 person-years 
Abbreviations: CI = confidence interval, HR = hazard ratio, n = number of patients, NA = not 
available, n = number of patients, Ref = reference. 
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Appendix E. Sensitivity analyses of the risk of major bleeding associated with the use of 
dalteparin vs. tinzaparin or enoxaparin in patients treated with LMWH for VTE during 
pregnancy 
 

Analysis Patients 
(n) 

Events 
(n) PY 

Incidence 
rate (95% 

CI) * 

Crude HR 
(95% CI) 

15-day grace period 
Dalteparin 
Enoxaparin or tinzaparin 

 
188 
71 

 
12 
5 

 
43.0 
12.4 

 
279.1 
403.2 

 
0.7 (0.3-2.1) 

1 (ref) 
Death assumed on the 1st 
of the month 
Dalteparin 
Enoxaparin or tinzaparin 

 
 

188 
71 

 
 

15 
5 

 
 

49.9 
14.5 

 
 

300.4 
345.1 

 
 

0.9 (0.3-2.5) 
1 (ref) 

ITT 
Dalteparin 
Enoxaparin or tinzaparin 

 
189 
71 

 
17 
5 

 
306.0 
71.4 

 
55.6 
70.0 

 
1.1 (0.4-3.0) 

1 (ref) 
*Per 1000 person-years 
Abbreviations: CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, n = 
number of patients, NA = not available, PY = person-years, Ref = reference. 
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4.3 Supplemental material to cohort study manuscript 
 
4.3.1 Diagnostic codes used to identify venous thromboembolism  
 

Description ICD-9 ICD-10 
Pulmonary embolism 415.x O882, I269, I260 
Deep vein thrombosis 451.x, 453.x, 671.x or 673.x I801, I828, I829, O223, I822, 

I820, I802, 0082, I823, O871 
 
4.3.2 Algorithm to build the inception and source populations of pregnant women with 
venous thromboembolism  
 

1. Inception cohort 

a. Identify first VTE diagnostic code within the study period with RAMQ 

medication insurance coverage at the time of first diagnosis 

 

 

 

 

 

 

b. Exclude those less than 18 years of age and above age 55 at the time of first 

diagnosis   

c. Include individuals continuously insured by the RAMQ for at least 12 months 

before VTE diagnosis 

 

2. Source population 

a. Identify women aged 18-45 

b. Identify the eligibility period 

VTE Diagnosis 

Entry into Quebec VTE cohort 

Start: January 1, 1998 End: December 31, 2015 
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i. If a gestational age (in weeks) is specified in MEDÉCHO, use the 

gestational age as the eligibility period. For example, if an obstetric 

delivery code is identified and a 41-week gestational age is present, 

identify women with VTE diagnosis within that 41-week window (287 

days) of the obstetric delivery (29) 

c. Identify women aged 18-45 who have an obstetric delivery code (see 4.3.3), 

abortive outcome code (see 4.3.4), hydatidiform mole code (see 4.3.4), or ectopic 

pregnancy code (see 4.3.4), within a specified time period in relation to the index 

VTE (i.e., eligibility period).  The specific time periods vary according to type of 

code (re: obstetric delivery, abortive outcome, hydatidiform mole, or ectopic 

pregnancy code). 

d. There should be at least a calendar day of difference between the index VTE code 

and the pregnancy outcome code (delivery, abortion or other) 

 

 

 

 

 

 

 

i. If there is no gestational age specified in MEDÉCHO, go to the next step 

to estimate the gestational age.  

e. Gestational age estimation algorithm:  

Obstetric 
delivery 

VTE Diagnosis Estimated date of 
conception 

41 weeks (287 days) 
defined in MEDECHO 
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i. If obstetric delivery code (see 4.3.3) without preterm delivery code, 

identify women with VTE diagnosis within 39 weeks (273 days) of 

obstetric delivery (14) 

 

 

 

 

 

 

ii. If preterm delivery code (see 4.3.3), identify women with VTE diagnosis 

within 35 weeks (245 days) of obstetric delivery code (14) 

 

 

 

 

 

iii. If abortive outcome code ((see 4.3.4), identify women with VTE diagnosis 

within 9 weeks (63 days) of abortive outcome (15, 16) 

 

 

 

 

 

Obstetric 
delivery 

VTE Diagnosis Estimated date of 
conception 

39 weeks (273 days) 

Obstetric delivery 
with preterm code 

VTE Diagnosis Estimated date 
of conception  

35 weeks (245 days) 

Abortive 
Outcome VTE Diagnosis Estimated date of 

conception  

9 weeks (63 days) 
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iv. If hydatidiform code (see 4.3.4), identify women with VTE diagnosis 

within 12 weeks (84 days) of hydatidiform code (15, 16) 

 

 

 

 

 

v. If ectopic pregnancy code (see 4.3.4), identify women with VTE diagnosis 

within 8 weeks (56 days) of ectopic pregnancy code (15, 16) 

 

 

 

 

 
 
  

Hydatidiform 
mole 

VTE Diagnosis Estimated date 
of conception  

12 weeks (84 days) 

Ectopic 
pregnancy 

VTE Diagnosis Estimated date 
of conception  

8 weeks (56 days) 
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4.3.3 Diagnostic codes used to identify obstetric delivery episodes 
 
 

Description ICD-9 ICD-10 ACTE CCI CCADTC 
Eligibility 
period (if 
estimated) 

Outcome of 
delivery 

V27 Z37    273 days* 

Normal 
delivery 

650 O80, O82 
(c-section) 

  87.98 273 days* 

Preterm 
delivery 
surrogates** 

765, 
644.0, 
644.2 

P05, P07, 
O60.1, 
P59.0 

   245 days 

Delivery procedures 
Assisted 
spontaneous 
delivery 

    85.69, 84.8, 
84.9 

273 days* 

Vaginal   06903 5.MD.50, 
5.MD.51 

 273 days* 

Forceps    5.MD.53 
 

84.61, 
84.62, 
84.6984.9, 
85.3, 84.69, 
84.0, 84.1, 
84.21, 
84.29, 84.3, 
84.31, 
84.39 

273 days* 

Breech   06097 5.MD.56 
 

84.51, 
84.52, 
84.53 

273 days* 

Vacuum    5.MD.54 84.7, 84.71, 
84.79 

273 days* 

Combination 
of Forceps 

and Vacuum 

   5.MD.55  273 days* 

C-section  O82 (c-
section) 

06912, 
06913, 
06946 

5.MD.60 
 

86.0, 86.1, 
86.2, 86.8, 
86.9 

273 days* 

Delivery of 
second twin 

  06919   273 days* 

SVD after c-
section 

  06950   273 days* 

Complex 
delivery 

  06945   273 days* 
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Delivery in 
water  

   5.MD.52  273 days* 

*273 days unless a preterm delivery code is present. If both delivery and preterm delivery code 
present, use 245 days. 
Classification canadienne des actes diagnostiques, thérapeutiques et chirurgicaux: CCADTC; 
Classification canadienne des interventions en santé: CCI; International Classification of 
Diseases, 9th Revision: ICD-9; International Classification of Diseases, 10th Revision: ICD-10 
 
 4.3.4 Diagnostic codes used to identify abortive outcomes 

 
 

Description ICD-9 ICD-10 ACTE CCI CCADTC 
Eligibility 
period (if 
estimated) 

Hydatiform 
mole 

630 O01   80.0 84 days 

Other 
abnormal 
product of 
conception 

631 O0281    63 days* 

Ectopic 633 O00 06430, 
06468,15086, 
15095 

5.CA.93 86.3 
 

56 days 

Abortion 632, 
634, 
635, 
636, 
637, 
638, 639 
 
 

O021, 
O03-
O05 
 

06900, 06906, 
06908, 06909, 
06948, 06949, 
06137, 06952, 
06451, 16077, 
16089, 16093 

5.CA.20, 
5.CA.24, 
5.CA.88, 
5.CA.89 

87.0 63 days* 

D&C 
following 
delivery or 
abortion 
(incomplete, 
spontaneous, 
medical, or 
missed) 

   5.PC.91, 
5.CA.89 

81.01, 
87.21, 
87.1, 
87.29, 
81.61 
 

63 days* 

Hysterotomy 
or 
hysterectomy 
to terminate 
pregnancy 

    86.41, 
86.42, 
87.71 

63 days* 

*63 days unless a code for hydatidiform mole or ectopic pregnancy is present, in which case use 
that eligibility period. 
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Classification canadienne des actes diagnostiques, thérapeutiques et chirurgicaux: CCADTC; 
Classification canadienne des interventions en santé: CCI; International Classification of 
Diseases, 9th Revision: ICD-9; International Classification of Diseases, 10th Revision: ICD-10 

 
 
 

 4.3.5 Drug Identification Number (DIN) for low-molecular-weight heparin 
 
 

LMWH DIN 
Tinzaparin 2167840, 2229515, 2229755, 2231478, 2358158, 2358166, 2358174, 

2358182, 2429462, 2429470, 2429489, 2167859, 2056682 
Dalteparin 2132621, 2132648, 2132664, 2231171, 2352648, 2352656, 2352664, 

2352672, 2352680, 2377454, 2430789, 2132656, 2494582 
Enoxaparin 2012472, 2236883, 2378426, 2378434, 2378442, 2242692, 2378450, 

2378469, 2236564 
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CHAPTER 5: DISCUSSION 
 

5.1 Main findings 
 

The overarching objective of my thesis was to answer an unanswered clinical question in the 

field of VTE in pregnancy: what is the risk of bleeding associated with the use of therapeutic-

dose LMWH for the treatment of VTE during pregnancy? We thus performed a systematic 

review of the literature to evaluate the the existing literature on the topic, followed by a 

population-basesd cohort study assessing bleeding in this specific patient population.  

 

Our systematic review of the literature reported a wide range of bleeding estimates and 

highlights the limitations of the existing literature on this topic. We found retrospective cohort 

studies that used variable bleeding definitions and reported estimates of bleeding complications 

ranging between 2.9% and 30.0%. Importantly, all studies had important methodological 

limitations. Most studies did not include a comparator group of patients not receiving 

anticoagulation, leading to substantial risk of confounding. The subjective assessment of 

bleeding, which is vulnerable to ascertainment bias, also lead to a significant risk of bias in the 

measurement of the outcome. Based on the findings of the systematic review of the literature, we 

highlighted an urgent need for population-derived estimates of bleeding in this patient population 

to better inform providers and patients.  

 

The objective of the cohort study was to better characterize bleeding complications in women 

treated for VTE during pregnancy using population-based estimates. To do this, we created a 

study cohort of women diagnosed with VTE during pregnancy who were treated with LMWH 
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within 15 days of incident VTE. Given that dalteparin is the most prescribed LMWH in Canada 

(65), our team wanted to determine if dalteparin was associated with a favourable safety profile 

with regards to bleeding complications. We hence compared bleeding events associated with 

dalteparin vs. tinzaparin or enoxaparin and found no significant difference in the incidence of 

bleeding in both groups. We also found no difference in antepartum or postpartum bleeding 

between groups. Additionally, physicians often choose to transition to twice daily LMWH dosing 

for various reasons. Some opt to switch to twice daily dosing at around 20 weeks’ gestation 

given the increase in plasma volume and glomerular filtration rate, which may lead to reduced 

anti-Xa effects (66). It is unclear whether lower anti-Xa levels lead to a reduced efficacy (66). 

Other physicians opt to switch to twice daily dosing later in pregnancy, because of a perceived 

lower bleeding risk around delivery with this dosing (8). Our results suggested that twice daily 

LMWH dosing, with any LMWH, was not associated with a benefit with regards to bleeding. 

This may inform practice for healthcare providers who often change to twice daily dosing in the 

third trimester, a dosing strategy that was common among the respondents of our survey of 

clinical practice (8).  

 
5.2 Strengths and limitations  
 

We provide the first population-derived estimate of bleeding in this patient population. Our 

cohort study has several strengths. First, administrative data is collected prospectively, hence 

independent of the outcome, excluding recall bias (67). Second, it allowed for the identification 

of traditional bleeding events that are commonly used in the non-pregnant population (68, 69). 

This includes bleeding that affects the gastrointestinal, genitourinary, and central nervous 

systems, which are not commonly captured in studies assessing the safety of anticoagulation 
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during pregnancy (3, 4). Third, while population-derived estimates of bleeding in the general 

obstetric population are available (70, 71), similar estimates in the anticoagulated pregnant 

population were not available. This made it difficult for healthcare providers to counsel patients 

with regards to their risk of bleeding when compared to the general obstetric population. For 

postpartum bleeding, we now describe an incidence of bleeding that is similar to previously 

reported incidences in the general obstetric population (70, 71). This should be reassuring to 

physicians and patients. Fourth, the bleeding estimates provided are representative of multiple 

healthcare centres, at a provincial level. This minimizes the impact of practice variation of our 

estimates, especially with regards to peripartum anticoagulation management and timing of 

postpartum resumption, which may be protocolized differently across variable healthcare 

institutions, making our findings more generalizable than prior estimates.  

 

Another strength is that we determined postpartum as well as antepartum bleeding. Our 

systematic review showed that most studies addressing safety and bleeding of anticoagulants 

during the postpartum period (72). This is also true of studies assessing bleeding in pregnant 

women treated with various doses of anticoagulation, including prophylactic and intermediate-

dose LMWH (42, 48, 73).  

 

We explored the relationship between LMWH dosing and bleeding. This is important given 

the significant practice variation among healthcare providers with regards to dosing of LMWH 

around delivery (8). Guidelines recommend once or twice daily therapeutic LMWH during 

pregnancy given that the benefit of one over the other remains unclear (23, 28). While our 

findings should be interpreted with caution given the low number of bleeding events and the 
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assumptions used to identify daily dosing, we provide reassurance that once daily LMWH dosing 

does not appear to be associated with an increased risk of bleeding. Moreover, it is much easier 

for patients to inject only once per day, and this dosing strategy may increase compliance (8).  

 

The present thesis has limitations that warrant discussion. Our systematic review of the 

literature found studies that used heterogeneous bleeding definitions. Given this, it was not 

meaningful to meta-analyse the bleeding outcomes. While the review was important in 

highlighting the limitations of the existing literature and provided meaningful descriptions of 

bleeding events, it was not possible to provide a summary estimate of bleeding in this patient 

population. However, it provides a critical assessment of the literature and its quality, and 

identified important knowledge gaps for future research. Furthermore, in the cohort study, we 

described covariates that may potentially have confounded the relationship between the choice of 

LMWH and the incidence of bleeding using a directed acyclic graph (Appendix B of cohort 

study manuscript). We identified chronic kidney disease and obesity as confounders that required 

adjustment in our model. Unfortunately, the absence of patients with these comorbidities in each 

LMWH groups prevented us from adjusting our model for these confounders. It is possible that 

the association between the choice of LMWH and bleeding is not truly confounded by obesity 

and chronic kidney disease, but future studies are required to evaluate this question further. 

Moreover, residual confounders in the relationship between the choice of LMWH and the risk of 

bleeding may have been missed given the observational nature of the study.  

 

The healthcare databases used allow us to identify the total dispensed dose (TDD) of a 

medication prescribed over a specific time period. It does not allow to precisely identify how 
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drugs are prescribed with regards to dosing (once daily, twice daily, thrice daily, etc.).  For this 

reason, we used a 15-day period following cohort entry to evaluate the TDD. If the TDD during 

that 15-day period was > 15 doses of LMWH, we assumed that the prescription was for twice 

daily dosing, whereas if the TDD was ≤ 15 doses of LMWH, a once daily prescription was 

assumed. These assumptions may have led to exposure misclassification, especially at time of 

delivery. Our survey has shown that many healthcare practitioners opt to change from once daily 

to twice daily LMWH later in pregnancy, closer to the time of induction of labour (8).  An 

example of this misclassification would be if a pregnant patient is diagnosed with a DVT at 8 

weeks’ gestation and is prescribed therapeutic-dose enoxaparin on that date, she could be treated 

with once daily enoxaparin on day 16 to 30 following cohort entry, but switched to twice daily 

dosing later in pregnancy, for example at 36 weeks’ gestation. If this patient were to have a PPH 

requiring a hysterectomy after induction of labour at 40 weeks’ gestation, she would have been 

classified as receiving once daily LMWH when in fact at the time of the hospitalization for 

bleeding, she had been treated with twice daily LMWH. Realizing this limitation of our analysis 

and to better evaluate the impact of LMWH dosing around delivery, we opted to perform a 

sensitivity analysis restricting to VTE events as of 30 weeks’ gestation.  While the findings of 

the sensitivity analysis are in line with the primary analysis, it is worth noting that only 37 

patients were included in our cohort that had a VTE after 30 weeks’ gestation, and given the very 

small number of events, this should be interpreted with caution.  

 

Finally, our study cohort included women who are covered by the provincial plan and does 

not include women who are privately insured. Prescription drug expenditure data has shown that 

42% of the general population is covered by the RAMQ (74). Our cohort study also includes 
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women who have antepartum follow-up and delivery in a hospital setting. This may affect the 

generalizability of our study findings. However, it is unlikely that women with VTE during 

pregnancy would not seek medical care, and we do not expect that the impact would be 

differential between both LMWH groups. Additionally, our population-based design used few 

exclusion criteria during the creation of the study cohort, which likely maximized the 

generalizability of the results.  

  

5.3 Implications and future work 
 

The systematic review of the literature has highlighted the importance of standardized 

bleeding definitions in the evaluation of bleeding in the pregnant population. For example, the 

definition of PPH focuses on a quantity of blood loss within 24 hours of delivery. Many experts 

have argued that the focus of a bleeding definition should be on the physiological consequences 

of bleeding, rather than the amount in milliliters (36, 75). They also highlight that standard 

definitions should move away from distinguishing the amount of blood loss according to the 

mode of delivery (i.e., vaginal vs. cesarian delivery), given that this distinction has no impact on 

maternal health related to blood loss (36). The scientific and standardization committee on the 

control of anticoagulation of the ISTH has proposed a classification of bleeding events into the 

known ISTH categories of major bleeding, clinically relevant non-major bleeding, and minor 

bleeding (36). This classification also includes non-obstetric related bleeding events including 

bleeding in critical organs and bleeding requiring blood product transfusions (36). They 

recognize that bleeding in pregnant women receiving anticoagulation, regardless of the dose or 

the indication, is not well described, and highlight the need for standardized definitions (36). 

Following the publication of our systematic review of the literature, leaders in the field have 
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published a commentary stating that our systematic review serves as a crucial call to action for 

higher quality studies and standardized bleeding definitions in this patient population (76). They 

also highlight the proposed ISTH classification, which is presented in Tables 7 and 8.  

 

Table 7. Proposed classification for antepartum and secondary postpartum (24h to 6 weeks 
after delivery) period (36) 
 

  Major 
bleeding CRNMB Minor 

bleeding 
Antepartum and secondary postpartum periods 
Vaginal bleeding Prompting a face-to-face 

evaluation  
   

 Leading to a hospitalization    
 Leading to antithrombotic 

therapy modification 
   

 Related to early pregnancy 
loss 

   

Placenta previa     
Placenta abruption     
Fetal or neonatal 
death (for example 
bleeding because 
of placenta 
abruption) 

    

Any sign or 
symptom of 
hemorrhage 
including bleeding 
found on imaging 
alone 

Prompting a face-to-face 
evaluation 

   

 Leading to hospitalization or 
increased level of care 

   

 Requiring medical 
intervention by healthcare 
professional  

   

Acute clinically 
overt bleeding 

Leading to death    

 That occurs in a critical 
organ: intracranial, 
intraspinal, intraocular, 
retroperitoneal, pericardial, 
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intra-articular, intramuscular 
with compartment syndrome 

 Associated with a fall in 
hemoglobin level of 20 g/L or 
more 

   

 Leading to transfusion of two 
or more units of whole or red 
cells 

   

Abbreviations: CRNMB: clinically relevant non-major bleeding. Color legend: red = major 
bleeding, orange = clinically relevant non-major bleeding, green = minor bleeding. 
 

Table 8. Proposed classification for primary postpartum (first 24h of delivery) period (36) 
 

  Major 
bleeding CRNMB Minor 

bleeding 
Primary postpartum period 
Blood loss < 1000 
mL 

Alone (including one 
prophylactic administration of 
uterotonics)  

   

Leading to: Uterus intervention to top 
bleeding 

   

A first line of treatment with 
uterotonics and/or tranexamic 
acid 

   

Transfusion of two or more 
units of whole blood or red 
cells to maintain hemoglobin 
level > 70-90 g/L 

   

Blood loss ≥ 1000 
mL 

Alone    

Leading to: A first line of treatment with 
uterotonics and/or tranexamic 
acid 

   

Uterine intervention to stop 
bleeding  

   

A second line of treatment 
with uterotonics 

   

Transfusion of two or more 
units of whole blood or red 
cells to maintain hemoglobin 
> 70-90 g/L 

   

Balloon tamponade     
Embolization    
Conservative surgery    
Hysterectomy    
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Death    
Abbreviations: CRNMB: clinically relevant non-major bleeding. Color legend: red = major 
bleeding, orange = clinically relevant non-major bleeding, green = minor bleeding. 
 

 Healthcare database research is a promising avenue for the study of bleeding in women 

with VTE during pregnancy given the ethical and organizational challenges of randomized 

controlled trials or of large prospective observational study in this obstetric population with a 

low event rate. There is a need for validation studies to map existing ICD codes to standardized 

bleeding definitions, both in the general and pregnant population. Given the recently put forward 

standardized bleeding definitions for anticoagulated pregnant women, the next step in this field 

would be to identify outcomes of interest in a more granular way within our healthcare 

databases. While we were able to identify procedures to control bleeding (PPH requiring 

embolization or hysterotomy), it would be valuable to link inpatient prescriptions to existing 

healthcare databases. With this, we would be able to refine our bleeding estimates by identifying 

the use of uterotonics or tranexamic acid to control bleeding, as well as blood product 

transfusions during or following delivery. This would provide patients and healthcare providers 

with more precise bleeding estimates. It would also allow for the identification of risk factors 

associated with increase antepartum and postpartum bleeding, and it would help providers 

mitigate those risks when caring for patients. Moreover, given that the timing of resumption of 

therapeutic-dose anticoagulation in the postpartum period has been associated with the risk of 

postpartum bleeding in a multicenter study (37), identifying inpatient prescriptions and their 

timing would allow for population-level assessment of this hypothesis. Ultimately, this could 

provide data to inform practice guidelines regarding the optimal anticoagulation management 

during delivery and timing of resumption of LMWH in the postpartum period.  
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Some questions remain in the assessment of bleeding in this patient population and 

warrant further study. While the proposed definition for the ISTH committee provides a broad 

assessment of bleeding antepartum and postpartum, certain consequences of bleeding are not 

well represented (36). First, surgical complications of cesarian delivery including wound 

hematomas are not included. With the overall increase in cesarian deliveries in Canada (77), 

wound hematomas are known to complicate 2-5% of cesarian deliveries and can lead to 

significant complications including wound dehiscence, wound infection, and prolonged hospital 

stay (78).  

 

Second, access to epidural anesthesia in the pregnant population receiving therapeutic-

dose anticoagulation is not well described. While the induction of labour is recommended by 

Canadian and American guidelines for this patient population (23, 28), international experts 

recommend allowing spontaneous labour, with interruption of anticoagulation at the first signs of 

labour (2). At a higher-than-prophylactic dose of LMWH, the American Society of Regional 

Anesthesia and Pain Medicine recommend a 24-hour interruption of anticoagulation prior to 

epidural anesthesia. What remains unclear is in women treated with therapeutic-dose LMWH 

who enter labour spontaneously, how many are eligible to epidural anesthesia among those who 

would be agreeable to an epidural. This question is difficult to study using administrative 

datasets alone given that decision making is primarily based on patient preference, which cannot 

be captured in administrative data alone, as well as issues of confounding by indication and 

contraindication.   
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Finally, various management strategies with regards to anticoagulation management have 

been proposed. However, how these various options affect patient satisfaction as well as the 

delivery experience is not known (79). Recently, a multicentre international prospective cohort 

study evaluating bleeding in women on prophylactic or therapeutic-dose LMWH for VTE-

related indications has been funded by the Canadian Institutes of Health Research (80). This 

study will use the standardized bleeding definition proposed with the ISTH and evaluate 

important patient-centered outcomes including bleeding, VTE, patient satisfaction and healthcare 

utilization. These results will inform providers and patients with regards to the optimal 

anticoagulant management around delivery (80). 
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CHAPTER 6: CONCLUSIONS 
 

 

The first objective of my thesis was to summarize the literature with regards to bleeding 

complications in patients treated with therapeutic-dose LMWH for the treatment of VTE during 

pregnancy. Our systematic review of the literature provides wide bleeding estimates in this 

population, ranging between 2.9% and 30.0%. We highlight the limitations of the existing 

literature with regards to the heterogeneity of bleeding definitions used, and the important risk of 

bias in the included studies. Our findings identified important knowledge gaps regarding the 

cumulative incidence of bleeding in this population and clarified the need for standardized 

bleeding definition in the study of pregnant women on anticoagulation. 

 

The second objective of my thesis was to obtain population-derived estimates of bleeding 

complications in women treated for VTE during pregnancy using administrative healthcare 

databases. In our cohort, 7.7% of patient experienced major bleeding, defined as a hospitalization 

with bleeding or bleeding-related death, yielding an incidence rate of 310.5 per 1000 person-

years. This is a substantial risk when compared to the general population treated for VTE, and 

further studies are required to evaluate bleeding outcomes with more precision within 

administrative databases, to mitigate factors associated with bleeding in women receiving 

anticoagulation.  

 

The third objective of my thesis was to compare the incidence of bleeding between the 

most commonly used LMWH, dalteparin, vs. enoxaparin of tinzaparin. Although different 

LMWH molecules have distinct pharmacodynamic and pharmacokinetic properties, we found no 



 125 

significant difference in major bleeding between both groups in overall, antepartum, and 

postpartum major bleeding.  

 

Our findings highlight the need for standardized bleeding definitions in the study of 

bleeding in pregnant women. The use of administrative databases is a promising tool in the study 

of this population, and we put forward the next step in this field, which is to identify outcomes of 

interest in a more granular way within our databases to better inform providers and patients and 

improve the care of this patient population. 
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