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Abstract

We analyzed data for women who received fondaparinux for >7 days during pregnancy. The study retrospectively included
women who received fondaparinux pre-, peri- and/or postpartum for >7 days for prophylaxis/venous thromboembolism (VTE)
treatment at German specialist centers (2004-2010). Data on pregnancy, VTE risk factors, anticoagulant treatment, pregnancy
outcome and adverse events were extracted from medical records. 120 women (mean age 31.5 years) were included. Among
84 women with prior pregnancies, 41.0% had > | abortion. Anticoagulation was indicated for prophylaxis in 92.5% cases, including
82.5% women with an elevated VTE risk (82.8% thrombophilia, 34.2% VTE history). All women received low-molecular-weight
heparin (LMWH) as first-line therapy; 3 also unfractionated heparin. Treatment changed to fondaparinux, due to heparin allergy
(41.7%) or heparin-induced thrombocytopenia (10.0%). Fondaparinux was generally well tolerated. Adverse events included
bleeding events (n = 5), abortion (n = 2), premature births (n = 2), stillbirth (n = I), arrested labors (n = 2), injection site
erythema (n = 4) and unspecified drug hypersensitivity (n = 6). No VTE events or increased liver enzymes occurred during
treatment. In this retrospective study, fondaparinux was effective and well tolerated. Trial registration: ClinicalTrials.gov
NCT01004939.
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pregnant women, the incidence of bleeding associated with
LMWH is low,'"!"* and LMWH appear to carry a lower risk
of heparin-induced thrombocytopenia (HIT), osteoporosis, and
allergic skin reactions compared to unfractionated heparin
(UFH).®' In addition, LMWH is more convenient to use as
they are usually administered only once daily, and aPTT mon-
itoring is not required.>®* However, in a considerable propor-
tion of pregnancies, heparin intolerance (allergic reactions or
HIT) makes it necessary to change to an alternative anticoa-
gulant.'>"7

Fondaparinux is a synthetic selective indirect inhibitor of
activated factor X, whose favorable efficacy and safety profile
has been demonstrated in clinical studies in various indica-
tions.'®2?° Fondaparinux has a once-daily dosing schedule, a
low potential for causing intolerance,?' and little or no risk of
causing HIT.?* Furthermore, no dose adjustment for body-
weight is required during prophylaxis, and platelet monitoring
is not needed. There is evidence that fondaparinux passes the
placental barrier to a small extent®>?*; however, this is consid-
ered unlikely to be of clinical significance.?* Based largely on
case reports and case series, fondaparinux has been reported to
be effective and safe for VTE prophylaxis during pregnancies
in which cutaneous allergic reactions to heparins or hepari-
noids*** or HIT?*2%3! had occurred and the use of an alter-
native anticoagulant was required. A review of 68 reported
cases of fondaparinux use in pregnancy concluded that it was
an effective option for preventing VTE during pregnancy in
patients with HIT or allergic reactions to heparin.*>

Additional data on the use of fondaparinux for the manage-
ment of VTE in pregnancy would be helpful to expand the body
of evidence. The objective of this retrospective study was to
systematically gather data on how fondaparinux is used pre-,
peri- and/or postpartum for both prophylaxis and therapy of
VTE, in order to fill a gap in the data available concerning the
use of fondaparinux during pregnancy.

Methods

This retrospective, multicenter, cohort study was performed in
Germany. Data were collected for women who had, during a
pregnancy, been treated with fondaparinux at 1 of 7 specialist
centers between 2004 and 2010. Women who were identified
as qualifying for inclusion in the study were contacted and
provided comprehensive information about the purpose and
nature of the study, including the collection and processing
of the data. For women who subsequently provided written
informed consent for study participation, data were extracted
from medical records and birth-related records (so-called
“Mutterpass”; including fetal outcome) and entered onto stan-
dardized hard-copy case report forms. Information was only
requested directly from a participant if it was not contained
in the medical records. All data were retrospectively documen-
ted and in an anonymized manner, and no additional data were
collected for the purpose of this study. The protocol was sub-
mitted to the responsible Ethics Committees for approval. The
trial was registered as NCT01004939 at ClinicalTrials.gov.

Patient Population

The study included women who had received fondaparinux
pre-, peri- and/or postpartum for at least 7 days for VTE pro-
phylaxis or therapy. Since fondaparinux has no registered indi-
cation for this purpose in pregnancy, it was expected that
participants would generally be women facing problems with
LMWH/UFH, namely those with intolerance to heparins or
heparinoids or with heparin induced thrombocytopenia (HIT),
and/or a history of abortion, VTE, severe fetal or maternal
complications during pregnancy, severe inherited or acquired
thrombophilia, or long-term anticoagulation.

Data Collection

Data were collected using a paper-based case report form with
the following variable domains: risk factors for thromboembo-
lism, indication for anticoagulation (prophylaxis, treatment),
antithrombotic treatment prior to fondaparinux initiation (low
molecular weight heparins, unfractionated heparin, and others),
thrombocyte count prior to fondaparinux initiation, fondapar-
inux initiation (dose), hospitalization, pregnancy related para-
meters and complications.

Statistical Analysis

Data summarized for this study included demographics, previ-
ous pregnancies, VTE risk factors and history of VTE events,
pre-treatments, dose and duration of fondaparinux administra-
tion, maternal and fetal outcomes, complications associated
with anticoagulation, and safety parameters.

As appropriate for the study design, only descriptive analy-
ses were performed. For continuous data mean, standard devia-
tion (SD), median, minimum, and maximum were calculated.
Categorical data, including categories of continuous data, were
presented in frequency tables. The statistical analysis was
performed using SAS®, version 9.1 (SAS Institute Inc., Cary,
NC, USA).

Results
Demography and Pregnancy History

A total of 120 women from 7 study centers were included in the
analysis (Table 1). The mean age of participants was 31.5 years
and 84 (70%) had been pregnant before. Of these, 48 (41.0% of
the study population) had suffered from at least 1 abortion.
The current pregnancy was conceived naturally in most cases
(89.2%), and 116 women were expecting 1 child (96.7%).
Caesarean section was performed in 35 patients (29.2%).

Venous Thromboembolism (VTE) Risk Factors

A total of 34.2% of participants (Table 2) had experienced
thromboembolism in the past (39 women with VTE and
2 women with venous and arterial thromboembolism). In
11 patients there was a thromboembolic history of the mother,
in 10 of the father, and in 11 of any sibling. The 3 most frequent



Dempfle et al

Table |. Demography and Pregnancy History.?

Table 2. Known Thromboembolic Risk Factors.?

Age [years], mean + SD 315 + 54 n (%)
Body mass index [kg/m?], mean + SD 265 + 6.2
Anamnestic thromboembolism (missing n = 3)
Previous pregnancies, n (%) None 35 (29.2) None 79 (65.8)
(missingn = 1) | 43 (35.8) Arterial 0 (0.0
2 19 (15.8) Venous 39 (32.5)
>3 22 (18.3) Both arterial and venous 2 (1.7)
Previous abortions, n (%)  None 69 (59.0)  Familial thromboembolic history
(missing n = 3) I 27 (23.1) Mother 11 (9.2)
2 16 (13.7) Father 10 (8.3)
>3 5 (4.3) Siblings 11 (9.2)
Outcome of previous Total 62 (100)
pregnancy, n (%) Thrombophilia (missing n = 2)
Still births 6 (9.8) Factor V Leiden mutation, heterozygous 35(29.2)
Live births 56 (90.3) Factor XII C46T 18 (15.0)
Healthy children 51 (83.6) Antiphospholipid syndrome 15 (12.5)
Children with I (1.6) Prothrombin mutation, heterozygous 13 (10.8)
abnormalities Protein S deficiency 10 (8.3)
Factor VIl activating protease (FSAP) 6 (5.0)
Current pregnancy, n (%)  Natural conception 107 (89.2) Protein C deficiency 5 (4.2)
(missing n = 2) In vitro fertilization 10 (8.3) Persistent high factor VIl levels 4 (3.3)
Induced pregnancy, normal 1 (0.8) Factor V Leiden mutation, homozygous 3 (2.5)
conception Antithrombin deficiency 2 (1.7)
Single vs. twins, n (%) Single child 116 (96.7) Prothrombin mutation, homozygous 0 (0.0)
Twins 4 (3.3) Other 46 (38.3)
Caesarean section, n (%) 35 (29.2) None 20 (16.7)
Abbreviation: SD, standard deviation. Other risk factors (missing n = 1)
*n = 120. Obesity (BMI > 30 kg/m?) 12 (10.0)
Smoking 11 (9.2)
Previous oral contraception 11 (9.2)
. . Hormone therapy in in-vitro fertilization 10 (8.3)
thrombophilic risk factors were heterozygous factor V Leiden Other supportive gynecological treatments 8 (6.7)
mutation in 35 patients (29.2%), factor XII C46T in 18 patients Malignant disease 3(25)
(15.0%), and antiphospholipid syndrome in 15 patients Alcohol | (0.8)
(12,5%). Other common risk factors were obesity (10.0%), Drug abuse ‘ 1 (0.8)
smoking (9.2%), and previous oral contraception (9.2%). Chronic inflammatory disease 3(25)
Serious systemic infection 3 (2.5
Immobilization 54.2)
Diabetes mellitus 2 (1.7)
Prior Anticoagulant Treatment Hypercholesterolemia 3(25)
Hypertension 54.2)
The reason for treatment with anticoagulants was prophylaxis Other 5(4.2)
of VTE in 92.5% of patients (n = 111), including 99 women None 75 (62.5)
(82.5%) for whom it was specifically due to an anticipated an — 120

elevated risk of VTE during pregnancy. Among these
99 women, 82.8% had known thrombophilia (n = 82). Four
patients had been on long-term anticoagulant therapy prior to
the pregnancy, including one who had been on vitamin
K antagonist treatment (phenprocoumon) because of mechan-
ical heart valve replacement and 3 because of a history of
recurrent venous thromboembolism.

All patients received LMWH prior to fondaparinux
(Table 3). Three patients were initially treated with UFH and
then switched to LMWH (2 because of allergic reactions to
UFH). The LMWHs received included enoxaparin (23.3%),
nadroparin (20.0%), dalteparin (29.2%), and certoparin
(0.8%); the type of LMWH was unknown in 37.5% of patients.
The duration of heparin treatment was reported for 71 patients,
with a mean duration of 98.7 days.

The predominant reason for changing from LMWH to fon-
daparinux (Table 3) was the occurrence of allergic reactions to
heparin (41.7% of patients). These reactions mainly involved
localized erythema at injection sites, including 8 cases (6.7%)
of skin necrosis; however, 12 (10.0%) women reported a gen-
eralized skin rash during heparin treatment. The time from the
start of heparin treatment to the occurrence of the skin reaction
was reported for 27 patients, with a mean duration of 45.7 days.

HIT during LMWH treatment was reported as the reason for
changing to fondaparinux for 12 (10.0%) patients (Table 3).
The mean time between the start of heparin treatment and
occurrence of HIT was 157 days (median 27.5 days, range



Clinical and Applied Thrombosis/Hemostasis

Table 3. Prior Heparin and Later Fondaparinux (Dose) Used.

Table 4. Characteristics of Fondaparinux Treatment.

n (%) Patients with Mean + SD
data (n) (range)
Prior LMWH/UFH used (missing n = 35)
Enoxaparin 28 (23.3)  Characteristics of fondaparinux treatment
Nadroparin 21 (20.0) Duration of fondaparinux 101 I155.1 + 158.2 (2-1392)
Dalteparin 35(29.2) treatment (days)
Certoparin 1 (0.8) Duration of prenatal 99 138.4 + 91.2 (5-468)
UFH? 3 (2.4) fondaparinux therapy
(days)
Reasons for change to fondaparinux, as stated in the patient files Duration of postnatal 90 59.7 + 167.3 (9-1141)
Allergy to heparin (e.g. localized skin reactions, 50 (41.7) fondaparinux therapy
generalized erythema) (days)
No monitoring of platelet count necessary 16 (13.3) Last fondaparinux 45 346 + 10.8 (12-48)
Heparin-induced thrombocytopenia (HIT) 12 (10.0) injection before
Abnormal coagulation activation despite LMWH (9.2 delivery (hours)
Patient’s wish (fear of heparin-induced 10 (8.3) Restart of fondaparinux 86 1.3 + 52 (6-48)
thrombocytopenia, other reasons) after delivery (hours)
Drop in platelet count during heparin treatment with 4 (3.3)
increased coagulation activation, HIT not confirmed Reason for end of fondaparinux administration (n = 120), missingn = 18
Previous heparin-induced thrombocytopenia 3 (2.5) End of treatment (no further indication 94 (78.3)
Chronic low platelet count 3 (25) for anticoagulant)
Drop in platelet count during heparin treatment 2 (1.7) Change to vitamin K antagonist 3 (2.5
Previous heparin allergy 2(1.7) Change to LMWH 2(1.7)
Acute deep vein thrombosis 2 (1.7) Change to another (unknown) 1 (0.8)
Increased liver enzymes in response to LMWH 2 (1.7) antithrombotic agent
Patient declined use of drugs of porcine origin (LMWH) 2 (1.7) Patient discontinued treatment without 1 (0.8)
Superficial thrombophlebitis (fondaparinux as standard 2 (1.7) consulting physician
of care) Treatment stopped before induced 1 (0.8)
Massive hair loss during LMWH treatment 1 (0.8) abortion for trisomy 18
Fondaparinux (missing n = 2) Abbreviations: SD, standard deviation; LMWH, low-molecular-weight heparin.
2.5 mg 94 (78.3)
5 mg 16 (13.3)
5 mg until delivery, then 2.5 mg | (0.8)  ortreatment (78.3%). A small proportion of patients were chan-
7.5 mg 3(25) ged to another anticoagulant drug.
10 mg 4 (3.3)

Abbreviations: HIT, heparin-induced thrombocytopenia; LMWH, low-
molecular-weight heparin.
?Subsequently replaced by LMWH.

3-576 days) among patients with available data (n = 8). An
additional 4 (3.3%) patients received fondaparinux because of a
drop in platelet count during heparin treatment without confir-
mation of HIT.

Fondaparinux Treatment

Most patients received a prophylactic dose of fondaparinux
(2.5 mg daily, 78.3%) (Table 3), but therapeutic doses of up
to 10 mg daily, depending upon the indication, were used in
24 patients (19.9%). The mean duration of fondaparinux treat-
ment was 155 days, and most patients received fondaparinux
after delivery as well as before delivery (Table 4). Fondapar-
inux treatment was interrupted for delivery, with the last pre-
partum dose administered at a mean 34.6 hours before delivery,
and treatment restarted a mean 11.3 hours after delivery. The
most common reason for termination of fondaparinux treat-
ment was that there was no further need for VTE prophylaxis

Adverse Events

Seven bleeding events in 5 patients (4.2%) were reported dur-
ing fondaparinux treatment, including vaginal hemorrhage in
4 patients, and uterine hematoma, abdominal wall hematoma,
and hematoma in one patient each.

One patient was recorded in the case report forms as having
experienced HIT while on fondaparinux. However, the corre-
sponding investigator affirmed that there had been no case of
HIT associated with fondaparinux in her cohort, but several
switches to fondaparinux because of suspected HIT on LMWH
had been made.

Other adverse events reported included premature birth
(2 patients, 1.7%), stillbirth (1 patient, 0.8%), abortion
(1 patient, 0.8%), induced abortion (1 patient, 0.8%), arrested
labor (2 patients, 1.7%), and drug hypersensitivity (unspecified
type in 6 patients [5.0%], injection site erythema in 4 patients
[3.3%]). One patient complained of generalized itching that
was already present during heparin treatment. Five (4.2%)
women were hospitalized during fondaparinux treatment. No
cases of VTE or thrombophlebitis occurred during fondapari-
nux treatment.
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Table 5. Outcomes.

n (%)

Description, missing n = | |

Spontaneous 71 (59.2)

Induced 3(25)

Caesarian section 34 (28.3)

Induced/caesarian section | (0.8)
Multiple pregnancies

Single child 116 (96.7)

Twins 4 (3.3)

Outcome of Pregnancy

For 59.2% of women (n = 71), the delivery was spontaneous
(Table 5), whereas 28.3% had a caesarean section, 2.5% had
induced labor and 0.8% both. In total, 120 infants were born
(124 fetuses including 4 twins at pregnancy start; subsequently,
2 spontaneous abortions, 1 induced abortion, and 1 stillbirth
occurred). Two infants were preterm deliveries, 1 infant had
thrombocytopenia at birth (the mother had immune thrombo-
cytopenia), and 1 had petechiae on the head which resolved
after 2-3 days. No malformations were reported. Most infants
(75.0%) were breastfed while their mother was receiving fon-
daparinux treatment (data missing for 19 [15.8%]).

Discussion

Alternatives to conventional UFH and LMWH are needed for
pregnant women with heparin intolerance who require antic-
oagulant treatment or prophylaxis of VTE. Typical reasons for
changing from heparins to alternatives such as fondaparinux
include allergic reactions at injection sites, generalized rashes,
HIT, and increased liver enzymes related to heparin treat-
ment.”'*7333% Direct oral anticoagulants rivaroxaban and
edoxaban are contraindicated during pregnancy. Apixaban and
dabigatran have not been associated with embryotoxicity so
far, but close surveillance is recommended in these patients;
vitamin K antagonists should be avoided during pregnancy
because they cross the placental barrier.”**® Consequently,
other than danaparoid (an indirect factor Xa inhibitor), there
are few alternatives to fondaparinux in cases of heparin
intolerance.*®’

The current study involves the largest case series of preg-
nant women who received fondaparinux published so far. The
majority of the 120 women included in the study received
prophylactic-dose fondaparinux, although higher doses were
used in some patients.

Fondaparinux was given for a mean of 155 days (range
2-1,392), with administration interrupted before delivery and
restarted approximately 11 hours after delivery. The terminal
half-life of fondaparinux is reported to be 17.2 + 3.2 hours,®
with the plasma concentration remaining above half-maximal
level for 11 + 1.4 hours. Therefore, pausing fondaparinux for
24-48 hours prior to delivery seems reasonable. Our study

found that the last prepartum dose of fondaparinux was given
a mean of 34.6 hours before delivery (range 12-48 hours), and
this was not associated with an unexpected rate of bleeding. An
alternative approach for pregnant patients receiving fondapar-
inux, proposed by Elsaigh et al,*® is to switch to LMWH 1 week
prior to delivery, based on an anticipated higher bleeding risk
associated with fondaparinux. In our view, this is not feasible
for most patients, because the reason for changing to fondapar-
inux is usually heparin intolerance.

The data obtained on pregnancy outcomes and adverse
events in our study did not indicate any unexpected risks. Fon-
daparinux was well tolerated by most patients with allergic
reactions to heparins, as well as by patients with previous HIT
or acute HIT, or with elevated liver enzymes in response to
heparin. Adverse events, such as bleeding, preterm delivery, or
unsuccessful pregnancy outcome, were within the expected
rates for the population and confirm the previous data on fon-
daparinux use in pregnancy, which was reviewed by De Carolis
et al.>?

Fondaparinux does not appear to cross the placental barrier
to a significant extent in experimental settings,*>*' and only
minimal concentrations of fondaparinux were found in umbi-
lical cord blood drawn after delivery in women receiving fon-
daparinux, with levels at the lower margin of the measuring
range of the assay*** and well below the range observed in
patients receiving fondaparinux for prophylaxis of VTE in
orthopedic surgery.*? Consequently, no relevant anticoagulant
effect of fondaparinux is expected in infants. Furthermore,
fondaparinux is specifically bound to antithrombin in human
plasma, with no other relevant interactions.* In particular, it
has minimal interaction with platelet factor 4 (PF4); this means
it is unlikely to induce HIT, because the latter is caused by
antibodies against multimolecular complexes of PF4 and
heparin.'®43

One of the advantages of fondaparinux is its dosing sched-
ule. Conventional LMWHs, such as dalteparin, have a short
half-life, with values between 3.87 4+ 1.15 hours and 4.92 +
2.80 hours reported in a study by Blombick et al.*® Thus, a
once-daily dose of LMWH appears insufficient to provide a
continuous protective effect against thromboembolic events
for 24 hours. In contrast, a once-daily dose of fondaparinux
results in a steady anticoagulant effect. However, this does
mean that the interval between the last pre-partum dose of
fondaparinux and delivery must be extended compared to
conventional LMWH (twice the half-life).

One final observation of interest from the study concerns the
temporal pattern for the development of HIT. Clinical mani-
festations of HIT are usually expected to develop within
5-14 days after initiation of heparin.'® In the current study,
among the subgroup that had developed HIT while receiving
heparin, the occurrence of HIT was not limited to the initial
phase of heparin treatment, but was reported to develop after a
median of 27.5 days of treatment (range 3-576 days). While it
would appear that a disproportionately large number of patients
enrolled in our study had had allergic reactions to LMWH,
these patients were from a pre-selected patient population and
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are not representative of women receiving LMWH in Germany.
The incidence of HIT with LMWH is <1%, with being female,
being a post-operative patient, receiving prophylactic doses of
heparin and having the Tyrosinkinase JAK-2 V617F mutation
increasing the risk of developing HIT.*”*** Two of these factors
might explain the higher incidence of HIT in our pre-selected
population, but this does warrant further investigation.

When generalizing the observations made in this study,
some limitations arising from the retrospective design should
be taken into consideration. According to applicable interna-
tional guidelines, anticoagulation is not indicated in a notable
proportion of pregnant women. However, the retrospective
nature of this study means that the decision to initiate such
treatment was at the discretion of the prescribing physician.
Data quality very much depends on the availability and accu-
racy of medical records. In our study information had to be
gathered from different sources, i.e. the mother’s maternity
records (“Mutterpass”) and the records of maternity units from
the same or from different hospitals. There was no control of
pre-medications, or the duration of fondaparinux exposure or
the doses used, and the women were all sequentially exposed to
both LMWH and fondaparinux; therefore, direct comparisons
between these treatments should be interpreted with caution
and no firm conclusions can be drawn concerning the efficacy
and safety of fondaparinux as an anticoagulant during preg-
nancy. We did not collect any data concerning peridural
anesthesia which would be worth another investigation in the
context of fondaparinux use during/after pregnancy. An addi-
tional factor was that one center contributed a large amount of
data (n = 74 women, 62%). However, sensitivity analyses
performed to evaluate a possible resulting bias did not indicate
relevant differences between the results of this one center com-
pared to the results of the remaining 6 centers. On the other
hand, strengths of the study included the systematic approach
to identifying all pregnancies in which fondaparinux was used
for 7 or more days, and the methodical effects made to capture
all relevant outcomes.

Conclusions

The results of this retrospective study indicate that fondapar-
inux could be an effective and well-tolerated alternative for
prophylaxis or treatment of VTE in pregnant women especially
in cases with intolerance to LMWH.

Authors’ Note

CED, JK, ELL, IBG, GK, US, SK, and AH conceived, designed and
conducted the study. CED, JK, ELL, BL, IBG, GK, US, SK, PB and
AH interpreted the data. SE, CED, PB, and AH performed the explora-
tive analysis and wrote the first draft of the manuscript. JK, ELL, BL,
IBG, GK, US, and SK revised the manuscript for important intellec-
tual content. All authors approved the final version of the manuscript.
Data is available upon reasonable request from the author. The pro-
tocol was approved by the local ethics committees and is listed on
ClinicalTrials.gov (NCT01004939). Written informed consent from
patients was obtained prior to searching medical records.

Acknowledgment

Dr. Hartmut Pollmann participated in the study as investigator and in
the development of this manuscript; however, he passed away before
the final draft was completed and the authors would like to acknowl-
edge his contributions.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: CED discloses speaker honoraria from Aspen, Sanofi-
Aventis, Mitsubishi Pharma, ITF Pharma, Bayer Vital Pharma, Bayer
Healthcare, Daiichi Pharma, CSL Behring, Pfizer, BMS. JK discloses
speaker honoraria from Aspen, Bayer Health Care Pharmaceuticals,
Daiichi Sankyo, Boehringer Ingelheim, CSL Behring, Sanofi-Aventis,
Pfizer, BMS, Mitsubishi Pharma, Ferring GmbH, Mylan Healthcare
GmbH and Novo Nordisk. JK is also a medical advisor for CSL
Behring International, Bayer HealthCare Pharmaceuticals (national
and international) and Novo Nordisk (national) during the last 3 years.
IBG, GK, and BL declare to have no conflicts of interest. ELL dis-
closes speaker honoraria from Aspen, Mitsubishi Pharma, Bayer
Healthcare, Daiichi Pharma, CSL Behring, Pfizer, BMS. US discloses
speaker honoraria from Bayer Healthcare, CSL Behring, Pfizer,
Roche. SK was previously employed by GlaxoSmithKline and owns
GSK stock. SE was previously employed by GlaxoSmithKline and
owns/owned no GSK stock. PB reports to have received consultancy
honoraria from Aspen. AH was previously employed by GlaxoS-
mithKline and owns/owned no GSK stock. He is now employee of
Aspen.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: GSK pro-
vided financial support for the conduct of this study and developed the
study design together with the authors. The data management, analysis
and report preparation were performed by the CRO Institut Dr.
Schauerte, Munich, Germany. The interpretation of data and decision
to submit the article for publication was made by the authors.

ORCID iD

Peter Bramlage (2 https://orcid.org/0000-0003-4970-2110

References

1. Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR,
Melton LJ III. Trends in the incidence of venous thromboembo-
lism during pregnancy or postpartum: a 30-year population-based
study. Ann Intern Med. 2005;143(10):697-706.

2. Jackson E, Curtis KM, Gaffield ME. Risk of venous thromboem-
bolism during the postpartum period: a systematic review. Obstet
Gynecol. 2011;117(3):691-703. doi:10.1097/A0G.0b013e31
820ce2db

3. Stirling Y, Woolf L, North WR, Seghatchian MJ, Meade TW.
Haemostasis in normal pregnancy. Thromb Haemost. 1984;
52(5):176-182.

4. James AH. Pregnancy-associated thrombosis. Hematology
Am Soc Hematol Educ Program. 2009;2009(1):277-285. doi:
10.1182/asheducation-2009.1.277


https://orcid.org/0000-0003-4970-2110
https://orcid.org/0000-0003-4970-2110
https://orcid.org/0000-0003-4970-2110

Dempfle et al

10.

12.

13.

14.

15.

16.

17.

18.

19.

. Reducing the Risk of Thrombosis and Embolism During Preg-

nancy and the Puerperium. Royal College of Obstetricians and
Gynaecologists (RCOG); 2009. Green-top Guideline No. 37a.

. Rath W. Thromboprophylaxis during pregnancy and the puerper-

ium: highlights from current guidelines. Z Geburtshilfe Neonatol.
2010;214(6):217-228.

. Wiegers HMG, Middeldorp S. Contemporary best practice in the

management of pulmonary embolism during pregnancy. Ther Adv
Respir Dis. 2020;14:1753466620914222. doi:10.1177/
1753466620914222

. Bates SM, Rajasekhar A, Middeldorp S, et al. American Society

of Hematology 2018 guidelines for management of venous
thromboembolism: venous thromboembolism in the context
of pregnancy. Blood Adv. 2018;2(22):3317-3359. doi:10.1182/
bloodadvances.2018024802

. Bates SM, Greer 1A, Middeldorp S, Veenstra DL, Prabulos AM,

Vandvik PO. VTE, thrombophilia, antithrombotic therapy, and
pregnancy: antithrombotic therapy and prevention of thrombosis,
9th ed: American College of Chest Physicians Evidence-Based Clin-
ical Practice Guidelines. Chest. 2012;141(2 suppl):e691S-e¢736S.
doi:10.1378/chest.11-2300

Dimitrakakis C, Papageorgiou P, Papageorgiou I, Antzaklis A,
Sakarelou N, Michalas S. Absence of transplacental passage of
the low molecular weight heparin enoxaparin. Haemostasis. 2000;
30(5):243-248. doi:10.1159/000054140

. Jacobson B, Rambiritch V, Paek D, et al. Safety and efficacy of

enoxaparin in pregnancy: a systematic review and meta-analysis.
Adv Ther. 2020;37(1):27-40. doi:10.1007/s12325-019-01124-z
Scheres LJJ, Bistervels IM, Middeldorp S. Everything the clin-
ician needs to know about evidence-based anticoagulation in
pregnancy. Blood Rev. 2019;33:82-97. doi:10.1016/].blre.2018.
08.001

Greer IA, Nelson-Piercy C. Low-molecular-weight heparins
for thromboprophylaxis and treatment of venous thromboem-
bolism in pregnancy: a systematic review of safety and effi-
cacy. Blood. 2005;106(2):401-407. doi:10.1182/blood-2005-
02-0626

Bates SM, Middeldorp S, Rodger M, James AH, Greer 1. Gui-
dance for the treatment and prevention of obstetric-associated
venous thromboembolism. J Thromb Thrombolysis. 2016;41(1):
92-128. doi:10.1007/s11239-015-1309-0

Lever R, Mulloy B, Page CP. Heparin—A Century of Progress.
Springer; 2012.

Arepally GM. Heparin-induced thrombocytopenia. Blood. 2017;
129(21):2864-2872. doi:10.1182/blood-2016-11-709873

James AH. Prevention and management of thromboembolism in
pregnancy when heparins are not an option. Clin Obstet Gynecol.
2018;61(2):228-234. doi:10.1097/GRF.0000000000000357
Yusuf S, Mehta SR, Chrolavicius S, et al. Comparison of fonda-
parinux and enoxaparin in acute coronary syndromes. N Engl J
Med. 2006;354(14):1464-1476.

Lassen MR, Bauer KA, Eriksson BI, et al. Postoperative fonda-
parinux versus preoperative enoxaparin for prevention of venous
thromboembolism in elective hip-replacement surgery: a rando-
mised double-blind comparison. Lancet. 2002;359(9319):
1715-1720.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Turpie AG, Bauer KA, Eriksson BI, Lassen MR. Postoperative
fondaparinux versus postoperative enoxaparin for prevention of
venous thromboembolism after elective hip-replacement surgery:
a randomised double-blind trial. Lancet. 2002;359(9319):
1721-1726.

Schindewolf M, Scheuermann J, Kroll H, et al. Low allergenic
potential with fondaparinux: results of a prospective investigation.
Mayo Clin Proc. 2010;85(10):913-919.

Papadopoulos S, Flynn JD, Lewis DA. Fondaparinux as a treat-
ment option for heparin-induced thrombocytopenia. Pharma-
cotherapy. 2007;27(6):921-926.

Dempfle CE. Minor transplacental passage of fondaparinux in
vivo [Letter]. N Engl J Med. 2004;350(18):1914-1915.
Harenberg J. Treatment of a woman with lupus and thromboem-
bolism and cutaneous intolerance to heparins using fondaparinux
during pregnancy. Thromb Res. 2007;119(3):385-388.

Mazzolai L, Hohlfeld P, Spertini F, Hayoz D, Schapira M, Duchosal
MA. Fondaparinux is a safe alternative in case of heparin intolerance
during pregnancy [Case Report]. Blood. 2006;108(5):1569-1570.
Schindewolf M, Daemgen-von-Brevern G, Mani H, Lindhoff-
Last E. Alternative anticoagulation with fondaparinux in pregnant
patients with heparin-intolerance. J Thromb Haemost. 2007;5:
P-W 590.

Wijesiriwardana A, Lees DA, Lush C. Fondaparinux as anticoa-
gulant in a pregnant woman with heparin allergy [Case Report].
Blood Coagul Fibrinolysis. 2006;17(2):147-149.

Gerhardt A, Zotz RB, Stockschlaeder M, Scharf RE. Fondapar-
inux is an effective alternative anticoagulant in pregnant women
with high risk of venous thromboembolism and intolerance
to low-molecular-weight heparins and heparinoids [Case Reports
Letter]. Thromb Haemost. 2007;97(3):496-497.

Schapkaitz E, Jacobson BF. Delayed hypersensitivity to low-
molecular-weight heparin (LMWH) in pregnancy. S Afir Med J.
2007;97(12):1255-1257.

Kappert G, Halimeh S, Trobisch H, et al. The Use of Fondapar-
inux During Pregnancy—Report of Six Cases. Poster, 50 Jahres-
tagung der Gesellschaft fiir Thrombose- und Himostaseforschung
GTH; 2006.

Rubin N, Rubin J. Treatment of heparin induced thrombocytope-
nia with thrombosis (HITT) in pregnancy with fondaparinux
[Abstract]. Blood. 2003;102:4190.

De Carolis S, di Pasquo E, Rossi E, et al. Fondaparinux in preg-
nancy: could it be a safe option? A review of the literature.
Thromb Res. 2015;135(6):1049-1051. doi:10.1016/j.thromres.
2015.04.001

Nelson-Piercy C, MacCallum P, Mackillop L. Reducing the Risk
of Venous Thromboembolism During Pregnancy and the Puerper-
ium. Royal College of Obstetricians and Gynaecologists; 2015.
Green-top Guideline No. 37a.

. Haruta S, Maruta K, Nakajima Y, et al. Use of fondaparinux for

thromboprophylaxis in an unfractionated heparin-intolerant preg-
nant woman with thrombotic predisposition. J Obstet Gynaecol
Res. 2017;43(5):943-945. doi:10.1111/jog.13302

Middeldorp S, Ganzevoort W. How I treat venous thromboembo-
lism in pregnancy. Blood. 2020;136(19):2133-2142. doi:10.1182/
bl00d.2019000963



Clinical and Applied Thrombosis/Hemostasis

36.

37.

38.

39.

40.

41.

42.

Linnemann B, Seelbach-Goebel B, Heimerl S, et al. How do we treat
pregnancy-related venous thromboembolism? Hamostaseologie.
2020;40(1):54-63. doi:10.1055/5-0039-1700501

Sucker C. Prophylaxis and therapy of venous thrombotic events
(VTE) in pregnancy and the postpartum period. Geburtshilfe
Frauenheilkd. 2020;80(1):48-59. doi:10.1055/a-1030-4546
Bauer KA, Hawkins DW, Peters PC, et al. Fondaparinux, a syn-
thetic pentasaccharide: the first in a new class of antithrombotic
agents—the selective factor Xa inhibitors. Cardiovasc Drug Rev.
2002;20(1):37-52. doi:10.1111/j.1527-3466.2002.tb0008 1.x
Elsaigh E, Thachil J, Nash MJ, et al. The use of fondaparinux in
pregnancy. Br J Haematol. 2015;168(5):762-764. doi:10.1111/
bjh.13147

Lagrange F, Brun JL, Vergnes MC, et al. Fondaparinux sodium
does not cross the placental barrier: study using the in-vitro
human dually perfused cotyledon model. Clin Pharmacokinet.
2002;41(suppl 2):47-49. doi:10.2165/00003088-200241002-
00007

Lagrange F, Vergnes C, Brun JL, et al. Absence of placental
transfer of pentasaccharide (Fondaparinux, Arixtra) in the dually
perfused human cotyledon in vitro. Thromb Haemost. 2002;87(5):
831-835.

Klaeffling C, Piechottka G, Daemgen-von Brevern G, et al.
Development and clinical evaluation of two chromogenic sub-
strate methods for monitoring fondaparinux sodium. Ther Drug
Monit. 2006;28(3):375-381. doi:10.1097/01.ftd.0000196662.
35726.0f

43.

44,

45.

46.

47.

48.

49.

Paolucci F, Frasa H, Van Aarle F, et al. Two sensitive and rapid
chromogenic assays of fondaparinux sodium (Arixtra) in human
plasma and other biological matrices. Clin Lab. 2003;49(9-10):
451-460.

Paolucci F, Clavies MC, Donat F, et al. Fondaparinux sodium
mechanism of action: identification of specific binding to purified
and human plasma-derived proteins. Clin Pharmacokinet. 2002;
41(suppl 2):11-18. doi:10.2165/00003088-200241002-00002
Zhang Y, Zhang M, Tan L, et al. The clinical use of fondaparinux:
a synthetic heparin pentasaccharide. Prog Mol Biol Transl Sci.
2019;163:41-53. doi:10.1016/bs.pmbts.2019.02.004

Blombéck M, Bremme K, Hellgren M, Lindberg H. A pharmaco-
kinetic study of dalteparin (Fragmin) during late pregnancy.
Blood Coagul Fibrinolysis. 1998;9(4):343-350. doi:10.1097/
00001721-199806000-00006

Sakr Y. Heparin-induced thrombocytopenia in the ICU: an over-
view. Crit Care. 2011;15(2):211. doi:10.1186/cc9993

Castelli R, Gallipoli P, Schiavon R, Teatini T, Deliliers GL, Ber-
gamaschini L. High prevalence of heparin induced thrombocyto-
penia with thrombosis among patients with essential
thrombocytemia carrying V617F mutation. J Thromb Thrombo-
lysis. 2018;45(1):106-113. doi:10.1007/s11239-017-1566-1
Prandoni P, Siragusa S, Girolami B, et al. The incidence of
heparin-induced thrombocytopenia in medical patients treated
with low-molecular-weight heparin: a prospective cohort study.
Blood. 2005;106(9):3049-3054. doi:10.1182/blood-2005-03-
0912




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


