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Venous thromboembolism (VTE) is a major cause of maternal morbidity and mortality
during pregnancy and the postpartum period. Due to a lack of adequate study data,
therapeutic strategies for pregnancy-related VTE are deduced from observational
studies and extrapolated from recommendations for nonpregnant patients. Because
heparins do not cross the placenta, weight-adjusted therapeuticdose low-molecular-
weight heparins (LMWHs) are the anticoagulant treatment of choice in cases of VTE
during pregnancy. Once- and twice-daily dosing regimens are suitable. There is no
evidence that measurement of factor Xa activities and consecutive LMWH dose
adjustments improve clinical outcomes. There is no support for the routine use of
vitamin K antagonists, direct oral thrombin or factor Xa inhibitors, fondaparinux, or
danaparoid in uncomplicated pregnancy-related VTE. Management of delivery
deserves special attention, and treatment strategies depend on the time interval
between the diagnosis of acute VTE and the expected delivery date. In lactating
women, an overlapping switch from LMWH to warfarin is possible. Anticoagulation
should be continued for at least 6 weeks postpartum or for a minimum period of
3 months.

Vendse Thromboembolien (VTE) sind eine der Hauptursachen fiir miitterliche Morbi-
ditdt und Mortalitdt wahrend der Schwangerschaft und postpartal. Aufgrund fehlender
randomisierter kontrollierter Studien sind therpeutische Strategien vorzugsweise aus
Beobachtungsstudien und aus Therapieempfehlungen fir Nicht-Schwangere abge-
leitet. Heparine sind nicht plazentagdngig und gelten in der Schwangerschaft als sicher.
Niedermolekulare Heparine (NMH) in gewichts-adaptierter volltherapeutischer Dosie-
rung sind daher Mittel der Wahl fiir die VTE-Therapie in der Schwangerschaft. Dosis-
regime mit Einmal- oder Zweimalgabe sind moglich. In Abhdngigkeit des Prdparates
wird das NMH ein- oder zweimal tdglich subkutan appliziert. Da es keine Evidenz fir
einen Nutzen einer Dosisanpassung an anti-Faktor-Xa-Spiegel gibt, werden routine-
maRige Spiegelkontrollen nicht empfohlen. Andere Antikoagulanzien wie Vitamin-K-
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Antagonisten, die direkten oralen Thrombin- und Faktor-Xa-Inhibitoren (DOAKSs),
Fondaparinux und Danaparoid haben in der VTE-Behandlung bei unkompliziertem

Schliisselworter
= venose
Thromboembolie

Schwangerschaftsverlauf keinen Stellenwert. Das peripartale Vorgehen hangt wesent-
lich vom Zeitabstand zwischen VTE-Manifestation und dem Geburtszeitpunkt ab. In der
Stillzeit kann die NMH-Therapie fortgefiihrt oder tiberlappend auf Warfarin umgestellt

= tiefe Venenthrombose werden. Bei schwangerschafts-assoziierter VTE sollte eine Antikoagulation fiir die

= Lungenembolie

= Heparin werden.

Introduction

Venous thromboembolism (VTE) complicates approximately
1 to 2 of 1,000 pregnancies. The risk is higher in women with
previous VTE events, known hereditary or acquired throm-
bophilia, and those with a positive family history of VTE. The
risk increases further with increased age, obesity, the pres-
ence of concomitant diseases (e.g., hypertensive disorders of
pregnancy, ovarian hyperstimulation syndrome), and deliv-
ery by caesarean section.!*? Approximately 80% of pregnan-
cy-related VTE manifest as symptoms of deep vein
thrombosis (DVT), whereas the remaining 20% are pulmo-
nary embolisms (PEs) or a combination of DVT and PE. Of
note, PE is a leading cause of maternal morbidity in the
Western world. The risk of VTE is approximately fivefold
increased during pregnancy compared with age-matched
nonpregnant women. There is a steady risk increase in the
course of pregnancy with a peak at term. After delivery, the
elevated risk of thrombotic events remains high for the first
6 weeks postpartum and is no longer increased beyond
12 weeks.?

Diagnosis of Pregnancy-Related VTE

It is emphasized that clinical prediction rules currently in use
for the diagnosis of VTE in nonpregnant patients (e.g., Wells
score) have not been prospectively validated in pregnancy or
in the postpartum period. Furthermore, D-dimers physio-
logically increase throughout pregnancy and peak at deliv-
ery. Thus, a negative D-dimer test result based on the
reference values of nonpregnant patients becomes unlikely
in the second and third trimesters. Trimester-specific refer-
ence intervals have been suggested but vary based on the
assay used; these intervals have not been validated to date in
prospective studies.* Imaging studies therefore play a major
role in confirming suspected DVT or PE in pregnant women.
Combined modality ultrasound, i.e., complete compression
ultrasound of the lower extremity veins and duplex ultra-
sound of the iliac veins, is the method of choice for diagnos-
ing DVT during pregnancy and postpartum. For the
confirmation of clinically important central and segmental
emboli in the lungs, computed tomography pulmonary
angiography (CTPA) and lung scintigraphy are recom-
mended.>>® Fetal radiation exposure and contrast-related
side effects remain major concerns, but it must be empha-
sized that radiologic imaging can be used in pregnancy as
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Mindestdauer von 3 Monaten und bis mindestens 6 Wochen postpartum fortgefiihrt

long as pregnancy-adapted protocols are used to achieve the
lowest radiation doses possible. All imaging techniques show
pregnancy-specific limitations. For further details concern-
ing the diagnostic strategy of pregnancy-related VTE, we
refer to a recently published systematic review.? Only re-
cently, van der Pol et al suggested that determining a
pregnancy-modified YEARS algorithm can safely rule out
PE without the use of CTPA.” In a prospective study involving
pregnant women suspected of PE, three criteria of the YEARS
algorithm (i.e., clinical signs of DVT, hemoptysis, and PE as
the most likely diagnosis) were assessed and D-dimer levels
were determined. PE was ruled out if one or more of the three
criteria were met and D-dimer levels were less than 500 ng/
mL or if none of the three criteria were met and D-dimer
levels were less than 1,000 ng/mL. According to this algo-
rithm, CT angiography was avoided in 39% (95% confidence
interval [CI]: 35-44), thus averting potential harm from
radiation to the fetus.

Initiation of Therapy

Before anticoagulant therapy is started, the following tests
are recommended to exclude severe coagulation disorders
and renal or hepatic dysfunction: complete blood cell counts,
prothrombin time, activated partial thromboplastin time
(aPTT), renal and liver function tests, and electrolytes. In
women with a high clinical suspicion or confirmed VTE,
treatment with parenteral anticoagulants should be started
immediately while awaiting laboratory test results. Because
the risk of developing heparin-induced thrombocytopenia
(HIT) in uncomplicated pregnancy is thought to be very low
(i.e., less than 0.1%), current guidelines do not advocate
routine platelet count monitoring for these patients.®° How-
ever, platelet count monitoring every 2 to 3 days between
days 4 and 14 should be performed in pregnant women who
are postoperative or who receive unfractionated heparin
(UFH) for more than 5 days.

In the case of acute DVT and pronounced swelling in a
lower limb, leg elevation and compression bandages should
be used to reduce pain and edema. Whenever possible, the
woman should be kept mobilized along with compression
therapy, which is recommended to be continued with fitted
graduated elastic compression stockings (class 2, corre-
sponding to a pressure of 23-32mm Hg) as soon as leg
swelling is reduced. Patients should be instructed to wear
the stockings every day during ambulant hours. The
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incidence of postthrombotic syndrome (PTS) after proximal
DVT can be reduced by 40 to 50% if compression therapy is
consistently continued for up to 2 years.'®!" Only recently,
the IDEAL-DVT study performed in nonpregnant patients
demonstrated that an individualized therapy with compres-
sion stockings according to patients’ symptoms was non-
inferior to standard duration therapy of 24 months."

Treatment of VTE during pregnancy and postpartum
should take into account the safety of both the mother and
the child. Pregnant women who present with acute proximal
DVT or PE are generally admitted to the hospital. For cases
with low-risk VTE, it is likely that early discharge and
outpatient therapy are as beneficial as hospital-based treat-
ment.®'213 However, when treated as outpatients, pregnant
women should be followed closely.

Anticoagulation during Pregnancy

It is emphasized that pregnant women have been excluded
from all major randomized controlled trials that have inves-
tigated the efficacy and safety of different anticoagulant
regimens. Heparins do not cross the placenta barrier and
do not appear in breast milk in significant amounts. They are
therefore the pharmacologic agents of choice for the treat-
ment of pregnancy-related VTE. In general, subcutaneously
administered full-dose weight-adjusted low-molecular-
weight heparin (LMWH) is preferred over UFH.®'# Once-
or twice-daily dosing regimens are acceptable for the treat-
ment of acute VTE during pregnancy (=Table 1).

Numerous observational studies and three systematic
reviews have confirmed efficacy and safety of LMWH.4-1°
One review including 981 pregnant women with acute VTE
reported VTE recurrence during on-going pregnancy in 1 to
2%, whereas major bleeding occurred in 1.4% antepartum
and 1.9% postpartum.'” The risk of postpartum hemorrhage
(blood loss > 500 mL) is highest within the first 24 hours after
delivery, and a 5 to 10% risk has been reported for women
with therapeutic doses of LMWH.!”-'® Of note, the overall
prevalence of postpartum hemorrhage (PPH) in European
countries has been estimated to be approximately 6.4%, and
severe PPH is reported to occur in 1.8% of all deliveries.'®
Nelson-Piercy et al reported a higher overall maternal bleed-
ing rate of 15.4% in a European retrospective multicenter
trial that included 254 pregnant women who were treated
with therapeutic doses of tinzaparin. Among patients who
received the last injection within the previous 24 hours

Table 1 Low-molecular-weight heparins—full therapeutic dosing
regimens

Twice daily dosing
Dalteparin 2 x 100 U/kg s.c. | Dalteparin 1 x 200 U/kg s.c.

Once daily dosing

Enoxaparin 2 x 1 mg/kg s.c. | Enoxaparin 1 x 1.5 mg/kg s.c.?

N.A. Tinzaparin 1 x 175 U/kg s.c.
Nadroparin 2 x 85 U/kg s.c. | Nadroparin 1 x 171 U/kg s.c.

Abbreviation: s.c., subcutaneous.
@A once daily dosing regimen is not licensed in some countries.

(median time interval 12.9 hours), 13.5% had a blood loss
at delivery of 500 to 1,000 mL, and 0.4% suffered a blood loss
>1,000 mL. There were no cases of fatal bleeding, but medical
intervention due to severe bleeding was required in 3.4% of
the cases.?’

Unresolved Questions

First, it is unclear whether prepregnancy weight should be used
to determine the appropriate dose of LMWH or whether dose
adjustments are required as the pregnancy progresses and body
weight increases.'” However, after delivery, the LMWH dose
should be adjusted to the postpartum weight of the woman
because supratherapeutic levels of LMWH have been observed
when the antenatal dose was continued postpartum.21

Second, it is unknown whether therapeutic LMWH regi-
mens with once-daily and twice-daily injections differ in terms
of efficacy and safety. It has been suggested that a twice-daily
regimen may be superior to once-daily dosing given lower
peak levels and an assumed lower bleeding risk.?>?> Given
changes in the pharmacokinetic profile of LMWH during
pregnancy (e.g., increase of the glomerular filtration rate,
increase of the plasma volume, and the apparent distribution
volume), effects are difficult to predict. However, no difference
in clinical outcomes has been observed in observational
studies between women using once-daily or twice-daily regi-
mens throughout pregnancy.'%2* A Cochrane review including
1,508 nonpregnant patients also revealed no statistically
significant difference between the two treatment regimens
in terms of VTE recurrence, major bleeding, improvement of
thrombus size, or mortality.?> Thus, both once-daily and
twice-daily LMWH regimens seem to be suitable for the
treatment of acute VTE during pregnancy.

Third, whether it is useful to measure anti-factor Xa (aXa)
levels with consecutive LMWH dose adjustments remains a
controversial issue. Studies of various LMWHSs in pregnant
women have shown conflicting results.'* An optimal aXa
target range during pregnancy has not been determined.
Studies investigating the pharmacologic profile of LMWH
during pregnancy revealed a decrease in peak aXa levels
and an increase in trough aXa levels with the progression of
pregnancy.®?” Due to substantial interassay and interlabor-
atory variability in aXa measurements in patients treated with
therapeutic-dose LMWH, the validity of using peak aXa levels
as a marker of antithrombotic activity has been ques-
tioned.?-3% Moreover, no clinical endpoint studies have dem-
onstrated an increase in efficacy and safety outcomes, such as
VTE recurrence or bleeding risk, when aXa monitoring and
consecutive dose adjustment are performed.' According to
current evidence, routine aXa monitoring is therefore not
generally recommended during pregnancy.®'#3233 Similar
to nonpregnant patients, aXa monitoring can be considered
in obese or underweight women (i.e., <50 or >100Kkg) in cases
with severe renal impairment and those supposed to be at
high risk for recurrent VTE or bleeding. Monitoring of aXa
levels is recommended in situations of VTE progression to
differentiate between underexposure to LMWH, which
requires dose escalation or switching to an alternative, and
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noncompliance which requires patient education. Because
heparins exert their activity by binding to antithrombin, their
anticoagulant effect may be attenuated in antithrombin-defi-
cient women. Monitoring aXa levels and adjusting heparin
doses to achieve adequate aXa levels are recommended for
these cases. Supratherapeutic doses or the coadministration of
antithrombin may be required. According to the current
American College of Chest Physicians (ACCP) guideline, dose
adjustment may be performed to maintain a therapeutic aXa
level (e.g., 0.6-1.0 U/mL when a twice-daily regimen is used
and 0.8-1.3 U/mL when LMWH is administered once daily).>*

Fourth, the optimal intensity of anticoagulation is an issue
that has been addressed mainly in the nonpregnant popula-
tion. A reduction to 75% of full-therapeutic-dose LMWH has
been successfully established in patients with malignancy-
associated VTE who are treated over several months or in the
long-term with dalteparin.>® Whether a comparable strategy
is also safe in pregnant women is uncertain but may be
desirable to minimize the risk of bleeding complications,
particularly at term. Among 66 pregnant women with acute
VTE included in the Efficacy of Thromboprophylaxis as an
Intervention during Gravidity (ETHIG) study, no recurrent
events were observed after dose reduction to 50 to 75% of the
full therapeutic dose from the third week onwards.3® In a
systematic review including 152 women with pregnancy-
related VTE who were treated with intermediate-dose
LMWH during on-going pregnancy after the acute treatment
phase, Gandara et al identified only one recurrent DVT that
occurred when a 50% dose reduction was performed within
7 days after the initial diagnosis of DVT.3” Of note, the studies
included in this review were not intended to answer the
question of optimal LMWH dosing to prevent recurrent VTE.
However, the use of intermediate doses of LMWH may be an
alternative if limited venous thrombosis occurs during early
pregnancy in association with transient risk factors other
than pregnancy (e.g., distal DVT or limited superficial vein
thrombosis following transient immobilization).

Finally, the optimal duration of anticoagulant therapy after
pregnancy-related VTE has not been determined. By extrap-
olating current guideline recommendations for risk-associ-
ated VTE, we found that pregnant women with acute VTE
should be anticoagulated for a minimum duration of
3 months, at least throughout pregnancy, and for 6 weeks
postpartum.'#32:33 In cases of delayed or absent recanaliza-
tion of the iliac or femoral veins, the patient should be
considered to be at high risk for the development of a
symptomatic PTS. These patients may benefit from prolonga-
tion of anticoagulant therapy for 6 to 12 months.

Side Effects of Heparin Therapy

Heparin-induced skin reactions are mainly delayed-type IV
hypersensitivity (DTH) reactions at the sites of heparin
injections. DTH reactions to heparin have been observed in
up to 20% of women who were treated with heparins
throughout pregnancy. The most pragmatic therapeutic
approach is to switch to another heparin. Of note, the rate
of cross-reactivity between heparins is high (33-73%).343% In
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cases of several cross-reactions, treatment with an alterna-
tive anticoagulant, such as danaparoid or fondaparinux, may
be considered.

Heparin-induced thrombocytopenia. Exposure to any type
of heparin may result in an autoimmune response that is
characterized by the development of IgG antibodies directed
against complexes containing heparin and platelet factor 4.4°
The subsequent immune reaction results in a decrease of
platelets of at least 50% that typically occurs at 5 to 15 days
after the initiation of heparin therapy and places the patient
at high risk for arterial and venous thrombotic complications.
It must be emphasized that thrombocytopenia from other
causes is not uncommon during pregnancy,*' and pregnancy
is generally considered as a low-risk condition for HIT.
Incidence rates of <0.1% have been reported for LMWH,
and the risk is higher if pregnant women are postoperative
or have been exposed to UFH (0.1-1%). However, because HIT
is a life-threatening complication, clinical suspicion of HIT
requires immediate discontinuation of therapy and a switch
to a full-dose nonheparin anticoagulant.?

Heparin-associated osteoporotic fractures have been ob-
served in 2 to 5% of patients treated with UFH for long-term
periods of time.*>*> The fracture risk was assumed to be
substantially lower for LMWH, which has been attributed to
the lower affinity of LMWH to osteoblasts and osteoclasts.*
A recent study investigated the bone mineral density (BMD)
by dual-energy X-ray absorptiometry (DEXA) 4 to 7 years
after the last delivery in 152 women. No osteoporosis or
osteoporotic fractures were observed, and there was no
evidence for a decrease in BMD in the 92 women with
long-term use of LMWH during pregnancy compared with
women who were not exposed to heparins.45

Alternative Anticoagulants

UFH s an alternative to LMWH that has a shorter half-life (i.e.,
1-2 hours) and can be counteracted by protamine sulfate.
Physiologically, it is cleared from blood by the reticuloendo-
thelial system and endothelial cells and by renal excretion.
Thus, UFH may be advantageous over LMWH in women at
high risk for bleeding or those with severely impaired renal
function. In addition, women with confirmed PE and hemo-
dynamic compromise who are candidates for subsequent
thrombolysis should also receive UFH during the initial
phase until definitive treatment decisions are taken.*® Treat-
ment with UFH at therapeutic doses requires aPTT monitor-
ing to achieve a 1.5- to 2.5-fold prolongation of the aPTT and
an aPTT level that corresponds to an aXa level of 0.3 to 0.7 U/
mL.>* UFH can also be administered subcutaneously through
twice-daily injections. In cases of subcutaneous administra-
tion, aPTT tests should be performed at 5 to 6 hours after
injection to assure a therapeutic prolongation. Because the
aPTT response to UFH is often attenuated during pregnancy,
higher heparin doses may be required to obtain aPTT values
in the therapeutic range.*®~*® Of note, compared with
LMWH, UFH is associated with a substantially higher risk
of adverse side effects, such as HIT, hemorrhage, allergic skin
reactions, and osteoporosis.“g'50
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Fondaparinux and danaparoid are therapeutic options if
heparins are contraindicated due to adverse side effects (e.g.,
heparin-induced skin lesions, HIT). Of note, experience with
the use of these anticoagulants during pregnancy is limit-
ed.”'~>3 Some placental transfer with fondaparinux has been
reported,> and it is unknown whether fondaparinux is
secreted into human breast milk. If HIT is suspected or
confirmed in a pregnant woman, danaparoid can be pre-
ferred over fondaparinux because the heparinoid does not
cross the placenta; in addition, the heparinoid is efficacious
in cases of HIT, whereas experience with fondaparinux
during pregnancy-associated HIT is too limited.’2 The longer
half-life of fondaparinux (i.e., 15-20 hours) and danaparoid
(i.e., ~24 hours) must be considered at term.

Vitamin K antagonists (VIKAs) cross the placenta and have the
potential to cause both teratogenicity and fetal bleeding. Wom-
en exposed to VKA between the 6th and 12th weeks of gestation
are supposed to have a 2 to 7% risk to develop coumarin
embryopathy, which is characterized by skeletal abnormalities,
including facial dysplasia, scoliosis, limb abnormalities, and
calcifications in the vertebral column, femur, and heel bone that
have a peculiar stippled appearance on X-rays.>>°® In later
pregnancy, VKAs increase the risk of pregnancy loss and fetal
bleeding. Common nonskeletal features include low birth
weight and developmental disabilities. VKAs are therefore
not recommended for women with pregnancy-related VTE.

Table 2 Follow-up checklist after pregnancy-related VTE

Direct oral anticoagulants (DOACs) are relatively small
molecules that are able to cross the placenta barrier.”’™°
Thus, they have the potential to exert anticoagulant effects to
the fetus and are also thought to be secreted into breast
milk.°%" Animal studies of dabigatran and rivaroxaban
revealed that they caused teratogenic effects, placental ab-
normalities, and fetal hemorrhage and reduced fetal viabili-
ty. However, a recent review of cases with DOAC exposure in
pregnancy revealed that DOACs might not carry a high risk of
embryopathy and their effects to human fetuses remains
largely unknown.®® DOACs are therefore contraindicated
during pregnancy or lactation.5?-6°

Follow-Up during the Course of Pregnancy

There are no data from clinical trials demonstrating that an
intensified follow-up strategy of pregnant women with VTE
improves clinical outcomes. However, because the risk of
thrombus propagation and VTE recurrence within the first
weeks of treatment remains increased, it should be common
practice to schedule close clinical (in the case of PE) and
imaging (in the case of DVT) follow-up especially in the initial
phase of therapy to detect worsening of symptoms, clot
extension, and drug side effects such as allergic reactions
at heparin injection sites. The follow-up schedule practiced
in our institution is presented in =Table 2.

— Chest pain, dyspnea, or cough with bloody-
streaked sputum?

Thrombus extension?
— Venous ultrasound examination

Adherence to therapy?
— LWMH injections? Drug prescription and cov-
erage? Compression stockings?

Drug side effects?
— Allergic reactions at heparin injection sites?

Routine blood parameters?
— Blood cell count, renal, and liver function tests

Items Time intervals or conditions
Check Worsening of clinical symptoms? Day 7 and 14 after discharge, then every 6 weeks and in cases
regularly — Leg pain or swelling? of clinical deterioration

Consider Platelet count monitoring
(every 2-3 days between day 4 and 14)

Anti-factor-Xa monitoring
(2-4 hours after subcutaneous injection)

De-escalation of anticoagulant therapy possible?

If the risk of heparin-induced thrombocytopenia (HIT)
exceeds 1%, i.e., in cases of UFH therapy or after major
surgery

At extremes of body weight, in cases of severe renal
impairment, progressive or recurrent VTE, high risk of
recurrent VTE or bleeding complications, antithrombin de-
ficiency

In cases of limited venous thrombosis when the risk of
recurrent DVT and PE is considered low or if the risk of
bleeding is high

Abbreviations: DVT, deep vein thrombosis; LMWH, low-molecular-weight heparin; PE, pulmonary embolism; UFH, unfractionated heparin; VTE,

venous thromboembolism.
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Management of Delivery

The options for delivery should be assessed at an early stage
by a multidisciplinary team. Generally, spontaneous or in-
duced vaginal delivery remains the preferred mode of deliv-
ery in women who are anticoagulated due to pregnancy-
related VTE. Caesarean section is associated with higher
blood loss, an increased risk of wound complications in
anticoagulated women, and a higher risk of VTE. It should
therefore be reserved mainly for patients with obstetric
indications.'*' 1t is important to advise anticoagulated
women early to pause LMWH as soon as labor starts, which
is indicated by contractions or the rupture of membranes.
Although it is uncertain whether twice-daily LMWH regi-
mens are attended by a lower bleeding risk than once-daily
dosing, some authors advocate switching to a twice-daily
dosing regimen perinatally because this may avoid high aXa
levels at the time of delivery.'® This approach is advisable at
least for women who are at high risk for postpartum hemor-
rhage. Of note, the main causes of primary postpartum
hemorrhage are uterine atony and trauma, and LMWH
presumably does not predispose the patient to atonic uterine
bleeding.®®® According to the current version of the Europe-
an Society of Anaesthesiology (ESA) on neuraxial anesthesia
in patients receiving antithrombotic agents, LMWH must be
discontinued for at least 24hours before puncture
(=~ Table 3).%7 Spontaneous labor usually does not meet these
time intervals, and women should be instructed that they
will not be able to receive neuraxial anesthesia and that an
emergency caesarean section, if necessary, will have to be
performed under general anesthesia.

The optimal time to restart anticoagulation postpartum
has not been determined. In general, anticoagulant therapy
should be restarted no sooner than 6 to 12 hours after vaginal
delivery and 12 to 24 hours after caesarean section, depend-
ing on the amount of blood loss and the anticipated risk of
recurrent VTE in the absence of anticoagulants.'* If the
bleeding risk is thought to be high, the administration of
anticoagulants can be restarted at prophylactic LMWH doses
and upgraded to intermediate or therapeutic doses as soon
as adequate hemostasis has been obtained.

Table 3 Neuraxial anesthesia in patients treated with therapeutic doses of anticoagulants

In women with acute proximal DVT or PE after the 37th
week of gestation, the risk of symptomatic PE during labor is
substantially increased. In these cases, a planned delivery may
be beneficial either through the induction of labor or by
elective caesarean section because this allows events to be
timed and minimizes the duration of time spent without
adequate anticoagulation. Women treated with LMWH may
be switched to a continuous infusion of UFH at least 36 hours
before the induction of labor or caesarean section. UFH has a
shorter half-life and should be discontinued 4 to 6 hours before
anticipated delivery. In cases supposed to have a markedly
increased risk of PE, the infusion rate may be downregulated (e.
g., 400-600 IE/h) to maintain anticoagulation as long as
possible, and the infusion may be discontinued only for the
ejection phase of delivery.'*3® In the absence of bleeding
complications, the infusion may be restarted 4 to 6 hours after
delivery. A retrievable inferior vena cava (IVC) filter may also
be considered to prevent PE during delivery. Given limited
experience with these devices peripartum and in consider-
ation of potential complications, it may be best to restrict [IVC
filter insertion to women in whom anticoagulation is contra-
indicated or inwomen with proven DVTwho have recurrent PE
despite adequate anticoagulation.32-6%.69

Postpartum Anticoagulation

Despite the inconvenience of subcutaneous injections, many
women prefer to stay on LMWH therapy postpartum because
they are used to its administration and they do not have to
undergo regular international normalized ratio (INR) moni-
toring while caring for the newborn.”? Small amounts of
LMWH have been detected in the breast milk. Because the
bioavailability of orally administered heparins is negligible,
traces of LMWH in the breast milk are considered harmless to
the child.”’ Warfarin and acenocoumarol are polar, non-
lipophilic, and highly protein-bound, so excretion in signifi-
cant amounts into breast milk is unlikely.® Switching to these
VKAs is an alternative option to on-going LMWH treatment
but requires an overlapping period with LMWH of approxi-
mately 5 days with frequent INR monitoring to achieve an
INR target range of generally 2.0 to 3.0.%32

13,65

Medication Half-life Before puncture/before removal | After puncture/after re-
moval
UFH, therapeutic dose 2-3h iv. >4-6h 1h
s.c. > 8-12h
LMWH, therapeutic dose 4-6h 24 h 2-4h
Fondaparinux, therapeutic dose | 15-20 h Neuraxial anesthesia should be avoided due to a long half-life
Danaparoid, therapeutic dose | 24 h and potential accumulation

Abbr.: i.v., intravenous; LMWH, low-molecular-weight heparin; s.c., subcutaneous; UFH, unfractionated heparin.

Note: Minimum time intervals without anticoagulation before and after catheter placement and removal according to the recommendations of the
German Society of Anaesthesiology and Intensive Care Medicine: 25% residual anticoagulant activity remains after 2 half-lives, providing attenuated
protection against thrombosis and a reduced bleeding risk, which generally allows the use of neuraxial anesthesia. After 4-5 half-lives, anticoagulant
rest-activities are expected to be as low as 3.1-6.2%. The half-life may be substantially prolonged in cases of severe renal impairment.
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Therapeutic Options in Life-Threatening PE

Systemic thrombolysis must be regarded as contraindicated
during pregnancy and in the peripartum period and should
be reserved for life-threatening cases of PE, i.e., cases who are
hemodynamically unstable.>® Low-molecular weight frag-
ments of urokinase cross the placenta. Recombinant tissue
plasminogen activator (rt-PA) and streptokinase are larger
molecules, but minimal transplacental passage has been
demonstrated for these drugs. There are therefore concerns
about severe adverse effects, such as bleeding complications,
pregnancy loss, premature labor, and placental abruption.”?

A recent review of the literature identified 127 cases of
severe PE (23% experienced cardiac arrest) who were treated
with either thrombolysis or surgery. Among 83 women with
thrombolysis, survival was 94%. The risk of major bleeding
was 18% during pregnancy and 58% in the postpartum
period. Fetal death possibly related to PE or its treatment
occurred in 12%.”3 If a pregnant woman with acute PE is
hemodynamically unstable and not suitable for thrombolysis
or if thrombolysis has failed, endovascular or surgical em-
bolectomy must be considered.”? The decision regarding
which method should be applied depends on the local
expertise and available resources.

Acute VTE Acute proximal DVT or PE Acute VTE in the
before the 37" week after the 37" week postpartum period |
|
Initial Start full-dose Start full-dose
therapy: weight-adjusted LMWH weight-adjusted LMWH
once or twice daily dosing prefer twice daily dosing
3 iy
Continue treatment
Maintenance with full-dose LMWH
therapy: consider switching to twice
daily dosing peripartally
. S ‘\
& E = , i
Stop LMWH Switch to aPTT-adjusted
Manag.EMEI:It with the onset of labor or 24 h A B T D
of delivery: before anticipated delivery Stop UFH 4-6 h bevor
anticipated delivery
Resume therapy or reduce infusion rate and stop
6-12 h after vaginal delivery UFH only in the ejection phase
12-24 h after caesarean section
consider doses reduction in Resume UFH therapy
dependence of bleeding/VTE risk L\; 4-6 h after delivery _/
.\//.
= . ¥ d =
Continue LMWH or Switch to LMWH or warfarin Start full-dose
Postpartum -
1h£’apy: Sk $o et in lactating women weight-adjusted LMWH
INR target range 2.0-3.0 INR target range 2.0-3.0 once or twice daily dosing 2
Switch to warfarin
in lactating women
LMWH overlapping phase
until INR is in target range v,
. 4

Continue anticoagulant therapy for a minimum total duration of 3 months

and at least for 6 weeks postpartum

Fig.1 Suggested approach for anticoagulation therapy of VTE during pregnancy and postpartum (adapted from Linnemann et al’#). DVT, deep
vein thrombosis; INR, international normalized ratio; LMWH, low-molecular-weight heparin; PE, pulmonary embolism; VTE, venous throm-
boembolism; UFH, unfractionated heparin.
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IVC filter insertion in pregnant women treated with anti-
coagulants is not recommended unless recurrent PE occurs
despite adequate anticoagulation or when severe contra-
indications to anticoagulant therapy exist.'*32-33 Temporary
filter placement may also be considered in the peripartum
period if acute iliofemoral DVT occurs after the 36th week of
gestation. However, their use in pregnant women is limited
to case reports or small case series, and it remains uncertain
whether they are beneficial in this setting. Each case there-
fore requires individual assessment, and the risks of filter
placement and complications (e.g., filter migration, fracture,
perforation, radiation exposure) must be considered.

Long-Term Outcomes after Pregnancy-
Related VTE

PTS. Because pregnancy-related DVT often involves the iliac
and femoral veins, a substantial number of women are
expected to develop long-term sequelae following extensive
DVT. In a long-term follow-up over 3 to 16years, women
with pregnancy-related DVT developed any degree of PTS in
42% of cases and severe PTS in 7% of cases, with postnatal
proximal DVT being the strongest risk factor for PTS (odds
ratio [OR]: 6.3; 95% confidence interval [CI]: 2.0-19.8).”%
VTE recurrence after pregnancy-related VTE. Compared with
women with unprovoked VTE, women with pregnancy-related
VTE have a significantly lower long-term risk of VTE recurrence
than patients with unprovoked VTE (5.8 vs. 10.4% per year).”> Of
note, the risk of recurrent VTE is substantially increased during
a subsequent pregnancy (absolute risk 2-10%; OR: 24.8; 95% CI:
17.1-36.0) compared with pregnant women without previous
VTE.”® The risk increase depends on the circumstances under
which the first VTE occurred. These findings should be consid-
ered when decisions are made about VTE prophylaxis in
women with a history of pregnancy-related VTE. For further
risk assessment and recommendations for secondary preven-
tion of VTE during pregnancy, we refer to a subsequently
published position paper from the Working Group in Women’s
Health of the Society of Thrombosis and Haemostasis (GTH).””

Conclusions

There is a lack of adequate study data. Thus, management
strategies for pregnancy-related VTE must be deduced from
observational studies and extrapolated from studies per-
formed in nonpregnant patients. Weight-adjusted, full-
dose LMWH is the anticoagulant treatment of choice during
pregnancy. Both once- and twice-daily LMWH dosing regi-
mens are suitable. Using routine aXa measurement to moni-
tor LMWH therapy during pregnancy cannot be
recommended. It remains unclear whether the full-thera-
peutic LMWH dose can be reduced to an intermediate-dose
regimen for secondary prevention of VTE during on-going
pregnancy. According to current evidence, there is no sup-
port for the routine use of VKA, DOACs, fondaparinux, or
danaparoid in uncomplicated pregnancy-related VTE. Preg-
nant women with VTE should be followed closely throughout
pregnancy. The management strategy of anticoagulation at
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delivery deserves special care and attention and depends on
the time interval between the diagnosis of acute VTE and the
expected delivery date. If VTE manifests after the 37th week
of gestation, the risk of PE at the time of delivery is generally
high. The different anticoagulant management strategies
currently in use during pregnancy and peripartally are
summarized in ~Fig. 1. We conclude that there is an urgent
need for well-designed prospective studies to compare dif-
ferent management strategies in women with VTE related to
pregnancy and the postpartum period.

Conflicts of Interest

B.L. received honoraria and/or travel reimbursements
over the last three years for lectures and consultancy
work related to the topic of this article from Bayer,
Boehringer Ingelheim, Bristol-Myers Squibb, Pfizer, and
Siemens Healthcare. S.H. received honoraria and/or travel
reimbursements over the last three years for lectures and
consultancy work related to the topic of this article from
Roche, Stago, CSL Behring, Daiichi Sankyo, and Swedish
Orphan Biovitrum. C.H. received honoraria and/or travel
reimbursements over the last three years for lectures and
consultancy work related to the topic of this article from
Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, Pfizer,
and Leo Pharma.

References

Nelson-Piercy CMP, Mackillop L, et al, for the Royal College of
Obstetricians and Gynaecologists. Reducing the risk of venous
thromboembolism during pregnancy and the puerperium.
Green-top Guideline No 37a London: RCOG 2015https://www.
rcog.org.uk/globalassets/documents/guidelines/gtg-37a.pdf.
Accessed September 26, 2019

Linnemann B, Bauersachs R, Rott H, et al; Working Group in
Women'’s Health of the Society of Thrombosis and Haemostasis.
Diagnosis of pregnancy-associated venous thromboembolism -
position paper of the Working Group in Women'’s Health of the
Society of Thrombosis and Haemostasis (GTH). Vasa 2016;45(02):
87-101

Kamel H, Navi BB, Sriram N, Hovsepian DA, Devereux RB, Elkind
MS. Risk of a thrombotic event after the 6-week postpartum
period. N Engl ] Med 2014;370(14):1307-1315

Favresse ], Lippi G, Roy PM, et al. D-dimer: preanalytical, analyti-
cal, postanalytical variables, and clinical applications. Crit Rev
Clin Lab Sci 2018;55(08):548-577

Konstantinides SV, Torbicki A, Agnelli G, et al; Task Force for the
Diagnosis and Management of Acute Pulmonary Embolism of the
European Society of Cardiology (ESC). 2014 ESC guidelines on the
diagnosis and management of acute pulmonary embolism. Eur
Heart ] 2014;35(43):3033-3069, 3069a-3069k

Bates SM, Rajasekhar A, Middeldorp S, et al. American Society of
Hematology 2018 guidelines for management of venous throm-
boembolism: venous thromboembolism in the context of preg-
nancy. Blood Adv 2018;2(22):3317-3359

van der Pol LM, Tromeur C, Bistervels IM, et al; Artemis Study
Investigators. Pregnancy-adapted YEARS algorithm for diagnosis
of suspected pulmonary embolism. N Engl ] Med 2019;380(12):
1139-1149

Linkins LA, Dans AL, Moores LK, et al. Treatment and prevention of
heparin-induced thrombocytopenia: Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest
2012;141(2 Suppl):e495S5-e530S

N

w

IN

(%]

[e)]

~

o

Downloaded by: Karolinska Institutet. Copyrighted material.


https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-37a.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-37a.pdf

o

20

2

22

23

24

25

26

27

Pregnancy-Related Venous Thromboembolism

Cuker A, Arepally GM, Chong BH, et al. American Society of
Hematology 2018 guidelines for management of venous throm-
boembolism: heparin-induced thrombocytopenia. Blood Adv
2018;2(22):3360-3392

Mol GC, van de Ree MA, Klok FA, et al. One versus two years of
elastic compression stockings for prevention of post-thrombotic
syndrome (OCTAVIA study): randomised controlled trial. BMJ
2016;353:i2691

Ten Cate-Hoek AJ, Amin EE, Bouman AC, et al; IDEAL DVT inves-
tigators. Individualised versus standard duration of elastic com-
pression therapy for prevention of post-thrombotic syndrome
(IDEAL DVT): a multicentre, randomised, single-blind, allocation-
concealed, non-inferiority trial. Lancet Haematol 2018;5(01):
e25-e33

Voke |, Keidan J, Pavord S, Spencer NH, Hunt BJ; British Society for
Haematology Obstetric Haematology Group. The management of
antenatal venous thromboembolism in the UK and Ireland: a
prospective multicentre observational survey. Br J Haematol
2007;139(04):545-558

Zondag W, Kooiman J, Klok FA, Dekkers OM, Huisman MV.
Outpatient versus inpatient treatment in patients with pulmo-
nary embolism: a meta-analysis. Eur Respir ] 2013;42(01):
134-144

Linnemann B, Scholz U, Rott H, et al; Working Group in Women'’s
Health of the Society of Thrombosis and Hemostasis. Treatment of
pregnancy-associated venous thromboembolism - position paper
from the Working Group in Women'’s Health of the Society of
Thrombosis and Haemostasis (GTH). Vasa 2016;45(02):103-118
Romualdi E, Dentali F, Rancan E, et al. Anticoagulant therapy for
venous thromboembolism during pregnancy: a systematic re-
view and a meta-analysis of the literature. JThromb Haemost
2013;11(02):270-281

Hellgren M, Mistafa O. Obstetric venous thromboembolism: a
systematic review of dalteparin and pregnancy. ] Obstet Gynaecol
2019;39(04):439-450

Middeldorp S. How I treat pregnancy-related venous thrombo-
embolism. Blood 2011;118(20):5394-5400

Knol HM, Schultinge L, Veeger NJ, Kluin-Nelemans HC, Erwich JJ,
Meijer K. The risk of postpartum hemorrhage in women using
high dose of low-molecular-weight heparins during pregnancy.
Thromb Res 2012;130(03):334-338

Carroli G, Cuesta C, Abalos E, Gulmezoglu AM. Epidemiology of
postpartum haemorrhage: a systematic review. Best Pract Res
Clin Obstet Gynaecol 2008;22(06):999-1012

Nelson-Piercy C, Powrie R, Borg JY, et al. Tinzaparin use in
pregnancy: an international, retrospective study of the safety
and efficacy profile. Eur ] Obstet Gynecol Reprod Biol 2011;159
(02):293-299

Sephton V, Farquharson RG, Topping ], et al. A longitudinal study
of maternal dose response to low molecular weight heparin in
pregnancy. Obstet Gynecol 2003;101(06):1307-1311

Greer IA. Thrombosis in pregnancy: updates in diagnosis and
management. Hematology (Am Soc Hematol Educ Program)
2012;2012:203-207

Bauersachs RM. Treatment of venous thromboembolism during
pregnancy. Thromb Res 2009;123(Suppl 2):545-S50

Knight M; UKOSS. Antenatal pulmonary embolism: risk factors,
management and outcomes. BJOG 2008;115(04):453-461
Bhutia S, Wong PF. Once versus twice daily low molecular weight
heparin for the initial treatment of venous thromboembolism.
Cochrane Database Syst Rev 2013;7(07):CD003074

Patel JP, Green B, Patel RK, Marsh MS, Davies ]G, Arya R. Population
pharmacokinetics of enoxaparin during the antenatal period.
Circulation 2013;128(13):1462-1469

Lebaudy C, Hulot JS, Amoura Z, et al. Changes in enoxaparin
pharmacokinetics during pregnancy and implications for antith-
rombotic therapeutic strategy. Clin Pharmacol Ther 2008;84(03):
370-377

28

30

3

=

32

33

34

35

36

37

38

39

40

4

s

42

43

a4

45

Linnemann et al.

Kitchen S, lampietro R, Woolley AM, Preston FE. Anti Xa monitor-
ing during treatment with low molecular weight heparin or
danaparoid: inter-assay variability. Thromb Haemost 1999;82
(04):1289-1293

Kovacs M], Keeney M, MacKinnon K, Boyle E. Three different
chromogenic methods do not give equivalent anti-Xa levels for
patients on therapeutic low molecular weight heparin (dalte-
parin) or unfractionated heparin. Clin Lab Haematol 1999;21(01):
55-60

Patel JP, Hunt B]. Where do we go now with low molecular weight
heparin use in obstetric care? JThromb Haemost 2008;6(09):
1461-1467

McDonnell BP, Glennon K, McTiernan A, et al. Adjustment of
therapeutic LMWH to achieve specific target anti-FXa activity
does not affect outcomes in pregnant patients with venous throm-
boembolism. ] Thromb Thrombolysis 2017;43(01):105-111

Bates SM, Greer IA, Middeldorp S, et al. VTE, thrombophilia,
antithrombotic therapy, and pregnancy: Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest
2012;141(2 Suppl):e691S-e736S

Thomsen AJ, Greer IA. Thromboembolic disease in pregnancy and
the puerperium: acute management (Green-top guideline no. 37b).
Royal College of Obstetricians and Gynaecologists; 2015:1-32
Garcia DA, Baglin TP, Weitz ]I, et al. Parenteral anticoagulants:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest 2012;141(2 Suppl):e24S-e43S

Lee AY, Levine MN, Baker RI, et al; Randomized Comparison of
Low-Molecular-Weight Heparin versus Oral Anticoagulant Ther-
apy for the Prevention of Recurrent Venous Thromboembolism in
Patients with Cancer (CLOT) Investigators. Low-molecular-weight
heparin versus a coumarin for the prevention of recurrent venous
thromboembolism in patients with cancer. N Engl ] Med 2003;349
(02):146-153

Bauersachs RM, Dudenhausen ], Faridi A, et al; EThIG Investiga-
tors. Risk stratification and heparin prophylaxis to prevent ve-
nous thromboembolism in pregnant women. Thromb Haemost
2007;98(06):1237-1245

Gandara E, Carrier M, Rodger MA. Intermediate doses of low-
molecular-weight heparin for the long-term treatment of preg-
nancy thromboembolism. A systematic review. Thromb Haemost
2014;111(03):559-561

Schindewolf M, Lindhoff-Last E, Ludwig R], Boehncke WH. Hepa-
rin-induced skin lesions. Lancet 2012;380(9856):1867-1879
Schindewolf M, Gobst C, Kroll H, et al. High incidence of
heparin-induced allergic delayed-type hypersensitivity reac-
tions in pregnancy. JAllergy Clin Immunol 2013;132(01):
131-139

Greinacher A. CLINICAL PRACTICE. Heparin-induced thrombocy-
topenia. N Engl ] Med 2015;373(03):252-261

Cines DB, Levine LD. Thrombocytopenia in pregnancy. Blood
2017;130(21):2271-2277

Monreal M, Lafoz E, Olive A, del Rio L, Vedia C. Comparison of
subcutaneous unfractionated heparin with a low molecular
weight heparin (Fragmin) in patients with venous thromboem-
bolism and contraindications to coumarin. Thromb Haemost
1994;71(01):7-11

Dahlman TC. Osteoporotic fractures and the recurrence of throm-
boembolism during pregnancy and the puerperium in 184 wom-
en undergoing thromboprophylaxis with heparin. Am ] Obstet
Gynecol 1993;168(04):1265-1270

Le Templier G, Rodger MA. Heparin-induced osteoporosis and
pregnancy. Curr Opin Pulm Med 2008;14(05):403-407
Galambosi P, Hiilesmaa V, Ulander VM, Laitinen L, Tiitinen A,
Kaaja R. Prolonged low-molecular-weight heparin use during
pregnancy and subsequent bone mineral density. Thromb Res
2016;143:122-126

Hamostaseologie

Downloaded by: Karolinska Institutet. Copyrighted material.



Pregnancy-Related Venous Thromboembolism

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Leentjens ], Peters M, Esselink AC, Smulders Y, Kramers C. Initial
anticoagulation in patients with pulmonary embolism: throm-
bolysis, unfractionated heparin, LMWH, fondaparinux, or DOACs?
Br ] Clin Pharmacol 2017;83(11):2356-2366

Chunilal SD, Young E, Johnston MA, et al. The APTT response of
pregnant plasma to unfractionated heparin. Thromb Haemost
2002;87(01):92-97

Raschke RA, Guidry JR, Foley MR. Apparent heparin resistance
from elevated factor VIII during pregnancy. Obstet Gynecol 2000;
96(5, Pt 2):804-806

Gould MK, Dembitzer AD, Doyle RL, Hastie T], Garber AM. Low-
molecular-weight heparins compared with unfractionated hepa-
rin for treatment of acute deep venous thrombosis. A meta-
analysis of randomized, controlled trials. Ann Intern Med 1999;
130(10):800-809

Quinlan DJ, McQuillan A, Eikelboom JW. Low-molecular-
weight heparin compared with intravenous unfractionated
heparin for treatment of pulmonary embolism: a meta-analy-
sis of randomized, controlled trials. Ann Intern Med 2004;140
(03):175-183

Gerhardt A, Zotz RB, Stockschlaeder M, Scharf RE. Fondaparinux is
an effective alternative anticoagulant in pregnant women with
high risk of venous thromboembolism and intolerance to low-
molecular-weight heparins and heparinoids. Thromb Haemost
2007;97(03):496-497

Knol HM, Schultinge L, Erwich JJHM, Meijer K. Fondaparinux as an
alternative anticoagulant therapy during pregnancy. ] Thromb
Haemost 2010;8(08):1876-1879

Lindhoff-Last E, Kreutzenbeck HJ, Magnani HN. Treatment of 51
pregnancies with danaparoid because of heparin intolerance.
Thromb Haemost 2005;93(01):63-69

Dempfle CE. Minor transplacental passage of fondaparinux in
vivo. N Engl ] Med 2004;350(18):1914-1915

D’Souza R, Ostro ], Shah PS, et al. Anticoagulation for pregnant
women with mechanical heart valves: a systematic review and
meta-analysis. Eur Heart ] 2017;38(19):1509-1516

Hassouna A, Allam H. Anticoagulation of pregnant women with
mechanical heart valve prosthesis: a systematic review of the
literature (2000-2009). ] Coagul Disord 2010;2:81-88

Bapat P, Pinto LS, Lubetsky A, et al. Examining the transplacental
passage of apixaban using the dually perfused human placenta.
] Thromb Haemost 2016;14(07):1436-1441

Bapat P, Pinto LS, Lubetsky A, Berger H, Koren G. Rivaroxaban
transfer across the dually perfused isolated human placental
cotyledon. Am ] Obstet Gynecol 2015;213(05):710.e1-710.e6
Bapat P, Kedar R, Lubetsky A, et al. Transfer of dabigatran and
dabigatran etexilate mesylate across the dually perfused human
placenta. Obstet Gynecol 2014;123(06):1256-1261
Beyer-Westendorf ], Michalski F, Tittl L, et al. Pregnancy outcome in
patients exposed to direct oral anticoagulants - and the challenge of
event reporting. Thromb Haemost 2016;116(04):651-658
Wiesen MH, Blaich C, Miiller C, Streichert T, Pfister R, Michels G.
The direct factor Xa inhibitor rivaroxaban passes into breast milk.
Chest 2016;150(01):e1-e4

European Medicines Agency Product Information Leaflet. Xarelto -
EMEA/H/C/000944-1B/0040/G (06/09/2018). Available at: http://
www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_
Product_Information/human/000944/WC500057108.pdf. Accessed
July 21, 2019

European Medicines Agency Product Information Leaflet. Eliquis -
EMEA/H/C/002148-N/0026 (01/08/2018). Available at: http://www.

Hamostaseologie

64

65

66

67

68

69

70

71

72

73

74

75

76

77

Linnemann et al.

ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_
Information/human/002148/W(C500107728.pdf. Accessed July 21,
2019

European Medicines Agency Product Information Leaflet. Lixiana -
EMEA/H [C/PSUSA/00010387/201710 (31/08/2018). Available at:
https://www.ema.europa.eu/en/documents/product-information/
lixiana-epar-product-information_en.pdf. Accessed July 21, 2019
European Medicines Agency Product Information Leaflet. Pra-
daxa - EMEA/H/C/000829-11/0073 (16/07/2019). Available at:
http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/000829/W(C500041059.
pdf. Accessed July 21, 2019

Leduc D, Senikas V, Lalonde AB; CLINICAL PRACTICE OBSTETRICS
COMMITTEE. Active management of the third stage of labour:
prevention and treatment of postpartum hemorrhage. ] Obstet
Gynaecol Can 2009;31(10):980-993

Gogarten W, Vandermeulen E, Van Aken H, Kozek S, Llau ]V,
Samama CM; European Scoeity of Anaesthesiology. Regional
anaesthesia and antithrombotic agents: recommendations of
the European Society of Anaesthesiology. Eur ] Anaesthesiol
2010;27(12):999-1015

Milford W, Chadha'Y, Lust K. Use of aretrievable inferior vena cava
filter in term pregnancy: case report and review of literature. Aust
N Z ] Obstet Gynaecol 2009;49(03):331-333

Mismetti P, Laporte S, Pellerin O, et al; PREPIC2 Study Group.
Effect of a retrievable inferior vena cava filter plus anticoagula-
tion vs anticoagulation alone on risk of recurrent pulmonary
embolism: a randomized clinical trial. JAMA 2015;313(16):
1627-1635

Patel JP, Auyeung V, Patel RK, et al. Women’s views on and
adherence to low-molecular-weight heparin therapy during
pregnancy and the puerperium. JThromb Haemost 2012;10
(12):2526-2534

Richter C, Sitzmann J, Lang P, Weitzel H, Huch A, Huch R. Excretion
of low molecular weight heparin in human milk. Br ] Clin
Pharmacol 2001;52(06):708-710

te Raa GD, Ribbert LSM, Snijder R], Biesma DH. Treatment
options in massive pulmonary embolism during pregnancy; a
case-report and review of literature. Thromb Res 2009;124(01):
1-5

Martillotti G, Boehlen F, Robert-Ebadi H, Jastrow N, Righini M,
Blondon M. Treatment options for severe pulmonary embolism
during pregnancy and the postpartum period: a systematic
review. ] Thromb Haemost 2017;15(10):1942-1950

Wik HS, Jacobsen AF, Sandvik L, Sandset PM. Prevalence and
predictors for post-thrombotic syndrome 3 to 16 years after preg-
nancy-related venous thrombosis: a population-based, cross-sec-
tional, case-control study. ] Thromb Haemost 2012;10(05):840-847
White RH, Chan WS, Zhou H, Ginsberg ]S. Recurrent venous
thromboembolism after pregnancy-associated versus unprovoked
thromboembolism. Thromb Haemost 2008;100(02):246-252
Bleker SM, Buchmdiller A, Chauleur C, et al. Low-molecular-weight
heparin to prevent recurrent venous thromboembolism in preg-
nancy: rationale and design of the Highlow study, a randomised
trial of two doses. Thromb Res 2016;144:62-68

Hart C, Bauersachs R, Scholz U, et al. Prevention of venous
thromboembolism during pregnancy and the puerperium with
a special focus on women with hereditary thrombophilia or prior
VTE - Position Paper of the Working Group in Women'’s Health of
the Society of Thrombosis and Haemostasis (GTH). Hamostaseo-
logie 2019; Submitted

Downloaded by: Karolinska Institutet. Copyrighted material.


http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf

