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Summary
Despite numerous studies, there is no general agreement on an ideal biomarker for estimating thrombotic risk in pregnant women.

However, it is accepted that the analysis of thrombin generation assesses the coagulation state more accurately compared to the classical
tests used to investigate it. Increasing evidence has found that thrombin generation is correlated with overall plasma hypercoagulability,
which is involved in the occurrence of major obstetrical syndromes, including preeclampsia, intrauterine growth restriction or recurrent
abortions. It is difficult to investigate the thrombophilic mutations which, once discovered, are not able to quantify the thrombotic
risk. The standardization of thrombin generation assay could allow a quantification of the individual thrombotic risk, which has a
high variability, and would facilitate multicenter studies to establish the utility of thrombin generation monitoring for the prophylactic
anticoagulant treatment in order to reduce pregnancy-related complications.
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Introduction

Pregnancy is characterized by hypercoagulability [1,
2], which may contribute to an increased risk of morbid-
ity and mortality [1]. The hypercoagulable state of preg-
nant women is associated with anatomic and physiologic
changes that occur during pregnancy [3]. The risk of venous
thromboembolism is higher especially in thrombophilic
pregnant patients [4] and in females with a low birth weight
newborn or stillbirth [3]. The classical assays used to ex-
plore the coagulation state are inadequate for estimating the
thrombotic risk. Global assays (including thrombin genera-
tion or thrombelastography) can better evaluate the throm-
botic risk [5]. More and more evidence has found that over-
all plasma hypercoagulability is correlated with thrombin
generation [4]. Plasma thrombin levels are higher during
pregnancy [1]. An increase in mean endogenous thrombin
potential was observed in the first trimester of pregnancy
(1391 nmol/L·min), with even higher levels in the second
trimester (1757 nmol/L·min) that remained stable during
the third trimester, and a peak value was observed through
delivery (1857 nmol/L·min). A decreasewas noted after de-
livery and mean endogenous thrombin potential was 1293
nmol/L·min at 8 weeks post-delivery [1]. Unfortunately,
the global assays are not standardized, so their application
is currently impeded [5].

This paper summarizes the knowledge of the coagula-
tion disorders during pregnancy and their consequences.
Scientific articles from 2015 to 2019 were searched using

PubMed and the Web of Science databases. All searches
were up to date as of October 2019. The search terms used
were: “thrombin generation”, “thrombophilia”, and “preg-
nancy”. Only English language papers were reviewed.

Thrombophilia in Pregnancy

The latest review on inherited thrombophilia was pub-
lished in September 2019 and included papers indexed on
Medline and PubMed in the last 20 years. The authors con-
cluded that the types of thrombophilia are not the same in
all geographic regions. In addition, there are variations re-
garding a certain type of thrombophilia between different
regions. Screening for the diagnosis of thrombophilia is
recommended for women with previous adverse pregnancy
outcomes, due to the negative consequences that throm-
bophilia can have on the pregnancy [6].

The frequency of fetal loss is higher in womenwith high-
risk inherited thrombophilia. The presence of antiphospho-
lipid antibodies in pregnant women and their family history
of obstetric complications were found to be associated with
placenta-mediated pregnancy complications [7]. Antiphos-
pholipid antibodies are anticardiolipin antibody, lupus an-
ticoagulant and anti-beta2-glycoprotein I antibodies. IgG
and IgM isotypes of autoantibodies found in lupus antico-
agulant target the phospholipid-protein from the cell mem-
brane. Lupus anticoagulant is involved in the interference
and prolongation of the coagulation process - a risk fac-
tor for thrombosis with complications including acquired
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thrombophilia, and pregnancy loss [8]. A higher prothrom-
bin conversion and unchanged thrombin inactivation rates
were found in the antiphospholipid syndrome, whereas in-
creased peak thrombin and endogenous thrombin potential
were observed in patients with antiphospholipid syndrome
and thrombosis in their history [9]. Factor V Leiden is
the main risk factor for thrombotic accidents and recurrent
pregnancy loss, while the role of factor II G20210A, plas-
minogen activator inhibitor and methylenetetrahydrofolate
reductase C677T is still controversial in pregnancy, accord-
ing to a Bulgarian study. Factor V Leiden was most fre-
quently found in patients with thrombotic incidents in their
history, compared to those with recurrent miscarriage [10].

The disorders produced in the uteroplacental circulation
can be investigated by measuring the uterine radial artery
resistance index using a Doppler ultrasound examination
[11]. It has been found that a normal resistance index
of the umbilical artery correlates with protection against
adverse pregnancy outcomes [12]. Circulatory changes
in the umbilical artery are associated with complications
in early pregnancy development, including recurrent preg-
nancy losses. If patients with thrombophilia and recurrent
pregnancy losses in their personal history have a uterine ra-
dial artery resistance index ≥ 0.45, they have an overall
risk of 49.48 (adjusted odds ratio) for miscarriage versus
those with an index below 0.45 at 8 weeks of gestation.
Each increase of this index by 0.1 units is associated with
an increase of 18.70 in the risk of miscarriage [11]. The
mean resistance index of the umbilical artery measured be-
tween 28 and 38weeks of gestation was significantly higher
in women with inherited thrombophilia without anticoag-
ulant prophylaxis compared to those who received low-
molecular-weight heparin as prophylaxis [12]. Intrauterine
fetal death or miscarriages, as well as fetal growth restric-
tion and adverse pregnancy outcomes were more numer-
ous in the group that did not receive anticoagulant prophy-
laxis, compared to that prophylactically treated with low-
molecular-weight heparin [12].

Factor V Leiden and the prothrombin gene G20210A
mutation were significantly more frequent in patients with
severe preeclampsia compared to healthy pregnant women.
This suggests that hypercoagulability is involved in the pro-
gression of preeclampsia [13].

The role of thrombin in uterus and placenta
Decidual hemorrhage is involved in excessive throm-

bin generation. Thrombin binds to decidual cell-expressed
protease-activated receptors, which induce chemokines that
promote superficial placentation. Bleeding which oc-
curs later in pregnancy produces thrombin that down-
regulates progesterone receptors on the decidual cells and
up-regulates matrix metalloproteinases and cytokines in-
volved in preterm birth. In addition, aberrant tissue factor-
derived thrombin signaling is involved in the pathogene-
sis of endometriosis through the induction of inflammation,
angiogenesis, and cell survival [14]. Thrombin generation
is involved in the onset of inflammation and weakens fetal

membranes at the uteroplacental junction. In vitro admin-
istration of thrombin to cultured decidual cells increased
the expression of tissue factor and the following cytokines:
IFN-γ, IL-6, IL-8, and IL-10. The expression of tissue fac-
tors and inflammatory cytokines did not diminish when de-
cidual cells were treated with thrombin and unfractionated
heparin or enoxaparin [15].

In addition to altering decidualization, intrauterine
bleeding and thrombin are involved in increased leuko-
cyte extravasation, endometrial inflammation, and stro-
mal cell differentiation. Suppression of prolactin gene
expression, insulin-like growth factor-1 and insulin-like
growth factor binding protein-1 both at baseline and dur-
ing thrombin-induced decidualization are mediated by pro-
tease activated receptor-1- and protease activated receptor-
1-independent mechanisms [16]. The thrombin protease-
activated receptor-1 is not present in amniotic fluid, but
only in decidua and chorion. For this reason, fetoscopy
did not produce any significant increase in thrombin-
antithrombin complexes in amniotic fluid. Thrombin gen-
eration produced in vitro, by needle trauma to cultured
membranes, is correlated to the amount of plasma [17].

Thrombin generation is increased in placentas of pa-
tients with preeclampsia. Thrombin increases the pro-
duction of soluble Fms-like tyrosine kinase 1 in extravil-
lous trophoblasts via the signaling pathway that includes
proteinase-activated receptor 1, nicotinamide adenine din-
ucleotide phosphate oxidase, and reactive oxygen species
[18].

Coagulation During Pregnancy

Coagulation differs in pregnancy and the early neonatal
period compared to that of normal and non-pregnant adult
females. Peak thrombin generation is higher in maternal
plasma compared to cord and non-pregnant adult levels.
Plasma of normal women at delivery has a large intrinsic
pathway reserve that can be used for thrombin generation
compared to cord and non-pregnant adult plasma. Themain
factors involved in thrombin generation in cord plasma are
antithrombin, the extrinsic pathway of coagulation and low
levels of tissue factor pathway inhibitor [19].

Plasma mean StartTail time, peak thrombin generation
and endogenous thrombin potential increased significantly
in the first trimester of pregnancy and remained stable in
the next two trimesters in a Chinese study [20]. Indeed, an
increase of velocity index, peak thrombin and endogenous
thrombin potential at the 32nd day of gestation [21] and at
the 43rdday of gestation [22], compared to pre-pregnancy
values, have been observed in two studies done in the U.K.
These increased values persisted through to the 59th day
of gestation [22]. Serum levels of estradiol and proges-
terone were also significantly higher by day 32 of gesta-
tion. This suggests that these two hormones are linked to
the prothrombotic state of pregnant women [21]. Regarding
the level of D-dimer and factor VIII, they increased in the
59th day of gestation compared to pre-pregnancy levels [3].
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Not only Factor VIII but also fibrinogen and vonWillebrand
factor are higher in the plasma of gestational women. The
increased levels of these three coagulation factors produce
resistance to dilutional coagulopathy and activated protein
C in vitro in plasma from normal pregnant women [23].

Women with blood group A and B have a significantly
higher risk of developing venous thromboembolism in the
antepartum and postpartum period than those with blood
group O. This is an independent risk factor for venous
thromboembolism, as well as for red blood cell transfu-
sions, especially those performed near delivery. The risk
(adjusted odds ratio) is directly correlated with the number
of transfused units: 2.60 for 1-2 units and 3.55 for over 5
units [24].

Hypercoagulation is present after delivery. So, venous
thromboembolism may occur after cesarean section with
an incidence of up to 0.6%. Thereafter, coagulation sta-
tus tends toward normal during the early postpartum pe-
riod. The women who received low-molecular-weight hep-
arin prophylaxis after delivery had normal coagulation pa-
rameters more often than those without anticoagulant pro-
phylaxis [25].

The Progression of Thrombin Generation
Parameters in Pregnancy

A study made by Hunt et al. (2018) did not find can-
didate biomarkers (including thrombin generation parame-
ters) for suspected venous thromboembolism during preg-
nancy and puerperium [26]. Indeed, an early increase in
thrombin generation parameters was observed both in nor-
mal pregnant women and in those with high risk of venous
thrombosis. The levels of thrombin generation were sta-
bilized during the second month of pregnancy. A French
report did not find any correlation between the markers of
coagulation activation and those of thrombin generation.
The authors concluded that the measurement of thrombin
generation is not conclusive for estimating thrombotic risk
in women with high risk of venous thrombosis [27]. But
two parameters of thrombin generation - peak thrombin
and endogenous thrombin potential - were higher in preg-
nant women compared to non-pregnant women, especially
in those with severe thrombophilia. The peak of thrombin
generation was lower in women who received low molecu-
lar weight heparin as prophylaxis, but this effect diminished
with the progression of pregnancy [4].

Anti-Xa levels are not the most accurate way to evaluate
coagulation inhibition. Instead, the thrombin generation as-
say estimates the total amount of thrombin and its formation
dynamics. This assay has confirmed the presence of hyper-
coagulability in normal pregnancies. There was a correla-
tion between anti-Xa levels and three parameters of throm-
bin generation (time to peak, peak height, and area under the
curve) during pregnancy, but this group correlation masked
the large variability of these biomarkers from one patient
to another. Thus, some patients with anti-Xa levels con-
sidered to be ‘safe’ may actually be under-anticoagulated,

especially during pregnancy. A better approach to the pro-
phylaxis of thrombosis in pregnancy may be based on the
study of thrombin generation and not on anti-Xa levels or
serum D-dimers [2].

Endogenous thrombin potential was higher than refer-
ence values before pregnancy in half of pregnant women in
the first trimester. It exceeded the reference values before
pregnancy in all pregnant women in the second trimester
and remained stable during the third trimester. The me-
dian D-dimer serum level increased from 0.30 mg/L to
0.91 mg/L and to 1.45 mg/L in the first, second and third
trimester of pregnancy, respectively. Serum levels of pro-
tein S decreased from early pregnancy. The activity of pro-
tein S had substantial variability [28].

Pregnant women after in vitro fertilization have a higher
level of thrombin generation, thrombomodulin and tissue
factor activity, while procoagulant phospholipid clotting
time is shorter compared to healthy age-matched women.
The values of thrombin generation parameters increase dur-
ing the in vitro fertilization procedure, after the start of hor-
mone treatment. Women with in vitro fertilization proce-
dures have higher levels of tissue factor activity, D-dimers
and a shorter procoagulant phospholipid clotting time [29].

The Involvement of Thrombin Generation in the
Major Obstetrical Syndromes

High plasma levels of thrombin are associated with
the occurrence of major obstetrical syndromes, includ-
ing preeclampsia, intrauterine growth restriction and re-
current abortions [30]. Elevated thrombin generation is a
pathogenic factor also involved in the occurrence of preterm
labor, fetal growth restriction, premature rupture of mem-
branes, and fetal demise [31]. Increased levels of thrombin
- anti thrombin III complexes, coagulation disorders or anti-
coagulation factors may occur in the blood before the onset
of clinical manifestations of some of these obstetrical syn-
dromes [31]. Heparins, because of their antithrombotic and
anti-inflammatory effects, could be helpful in the preven-
tion of these obstetrical complications. They can be used
for the prophylaxis of gestational complications in patients
with antiphospholipid syndrome. The use of heparin for
other pregnancy complications is under debate [30].

Individual Thrombophilic Conditions in Relation
to Serious Obstetric Complications

A meta-analysis published in 2003 found that factor V
Leiden, the prothrombin gene G20210Amutation, and pro-
tein C and protein S deficiency were associated with recur-
rent pregnancy loss [32]. Women with two or more recur-
rent pregnancy losses had more frequent MTHFR C677T
and A1298C mutant alleles in an Iranian study [33]. In a
more recent study, late pregnancy loss appears to be asso-
ciated with protein S deficiency, while the heterozygous
mutations of factor V Leiden and FII 20210A are more
common in later pregnancy complications, such as pre-
eclampsia, second trimester loss, fetal growth restriction



Coagulation challenges in pregnancy: from thrombophilia involvement... 817

and placental abruption and less common in recurrent first
trimester loss [34, 35]. Ameta-analysis established that fac-
tor V Leiden is involved in late unexplained fetal loss and
is associated with a higher risk of late second trimester loss
[35, 36].

A correlation was found between recurrent pregnancy
loss and the following thrombophilia-associated gene poly-
morphisms: heterozygous factor V Leiden H1299R, het-
erozygous prothrombin G20210A, PAI-1 4G / 5G, and PAI-
1 4G / 4G [37]. A meta-analysis established that the factor
VG1691A single-nucleotide polymorphisms (SNP) and the
prothrombin G20210A SNP are associated with a high risk
for both overall preeclampsia and severe preeclampsia [38].
A Danish study found that prothrombin G20210A was not
associated with any adverse outcome whileMTHFRC677T
was associated with severe preeclampsia [35, 39]. No asso-
ciations were present between premature or term labor and
MTHFR C677T, MTHFR C1298T, prothrombin G20210A,
factor V and ACE polymorphisms [40].

Regarding acquired thrombophilia, antiphospholipid
syndrome (with anti-cardiolipin and lupus anticoagulant an-
tibodies) is also involved in recurrent pregnancy loss. There
was also some evidence linking recurrent pregnancy loss to
b2 glycoprotein1 antibodies [41]. In addition, the presence
of anti-phospholipid antibodies is associated with the early
onset of preeclampsia, especially if it is complicated by fe-
tal growth restriction [42].

A summary of international evidence-based guidelines
states that congenital thrombophilias may be associated
with adverse pregnancy outcomes. But the evidence linking
these thrombophilias to recurrent pregnancy loss is based
on weak studies and is inconclusive. For this reason, no
guidelines recommend investigating for congenital throm-
bophilic mutations outside of a research setting [43]. Sub-
ject to future clinical trials, the study of thrombin generation
could be useful for estimating the risk of recurrent preg-
nancy loss.

Thrombin Generation in Women with Recurrent
Pregnancy Loss

The following coagulation disorders were found in
women with recurrent pregnancy loss: increased factor
VIII, fibrinogen, plasminogen activator inhibitor-1 lev-
els, and thrombin generation parameters. An endogenous
thrombin potential over 1222.1 nmol/L was found to be as-
sociated with a more than two-fold higher risk of recurrent
pregnancy loss [44].

Thromboprophylaxis should start as soon as possible af-
ter pregnancy diagnosis in women at clinical risk of throm-
bosis, as the markers of thrombin generation increase early
[22].

Coagulation in Preeclampsia

Preeclampsia with early onset is a proinflammatory dis-
ease in which patients have concomitant thrombotic and
bleeding risks. They have a reduced level of thrombin gen-

eration stimulated by a low dose of tissue factor and an in-
creased activity of plasma tissue factor pathway inhibitor
[45]. Plasma tissue factor activity was also at higher levels
in women with preeclampsia (especially in the presence of
distal villous hypoplasia) than in those with normal preg-
nancies or small for gestational age neonates [46].

Patients with preeclampsia have higher levels of throm-
bin generation than those with normal pregnancies or small
for gestational age neonates, according to another analy-
sis. Those with preeclampsia have a higher endogenous
thrombin potential than normal or small for gestational age
pregnancies, suggesting that the former have a longer reac-
tion, which generates more thrombin. Patients with small
for gestational age neonates have a shorter median time-to-
peak thrombin concentration and a higher median velocity
index than females with preeclampsia or normal pregnan-
cies, suggesting a faster plasma thrombin generation [47].

The activation of the coagulation system in preeclampsia
can be studied using multicolor flow cytometry. The pres-
ence of tissue factor (CD142) on monocytes can be demon-
strated with antibodies against CD14 APC, anti CD16b
FITC, anti CD45 PerCP, and anti CD142 PE and the ap-
propriate isotype controls [48].

One hypothesis argues that maternal release of
epinephrine into the adrenal medulla is involved in sys-
temic platelet activation. These activated platelets initiate
coagulation through the intrinsic pathway, which results
in thrombin generation. But thrombin also promotes the
onset of inflammation, which is involved in the occurrence
of acute atherosis in preeclampsia [49].

Coagulation in Pregnant Women with Different
Diseases

Treatment with insulin in women with gestational dia-
betes mellitus did not influence the thrombin generation test
[20]. Obese female patients have higher levels of throm-
bin generation and lower anti-Xa levels at post-cesarean
assessment. This increased procoagulant potential could
only be reduced in those who received a prophylactic dose
of 60 mg/day enoxaparin instead of 40 mg/day. It became
comparable to the procoagulant potential of non-obese post-
cesarean patients only at the higher dose [50].

Females with factor VII deficiency have an increased
risk of bleeding during pregnancy. The study of the pa-
rameters of thrombin generation in a patient during the first
trimester of pregnancy treated with recombinant activated
factor VII at doses less than 30 µg/kg/day found an increase
in lag time, while time to thrombin peak and peak throm-
bin were not modified compared to the period without treat-
ment. A prophylactic dose of 15 µg/kg given every other
day in the second half of pregnancy was sufficient to lead
to a successful childbirth in the case report published by
Pfrepper et al. [51].

High endogenous plasma thrombin potential was found,
in an Israeli study, in women with active or extra-intestinal
involvement of inflammatory bowel diseases; it also in-
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creased with gestational age and body mass index [52]. But
there was no correlation between endogenous thrombin po-
tential and the occurrence of adverse pregnancy outcomes
in pregnant women with inflammatory bowel diseases [52].

Antiplatelet and Anti-coagulant Treatment in
Pregnancy

A systematic review and meta-analysis found that as-
pirin given at under 11 weeks’ gestation was able to de-
crease the risk of preterm delivery, but not the risk of gesta-
tional hypertension or any hypertension during pregnancy,
preeclampsia, or fetal growth restriction [53].

Women with a venous thromboembolism in their his-
tory or a strong family history of thromboembolic events,
as well as those with proven thrombophilia, have an indica-
tion for anticoagulant prophylaxis in the ante- and postpar-
tum period [3]. Prophylactic treatment with low molecular
weight heparin has a protective effect against obstetric com-
plications, including miscarriage in patients with inherited
thrombophilia [7].

Women with cerebral vein thrombosis in their history
who received low-molecular weight heparin prophylaxis
during pregnancy had a reduced risk of recurrent throm-
bosis (3.2%). But their risk of miscarriage was higher
(13.5%), as was their risk of advanced pregnancy complica-
tions (19.2%), regardless of previous history of obstetrical
complications or thrombophilia markers [54].

There are patients with anti-Xa levels who might be con-
sidered safe, but who may be under anticoagulated during
their pregnancy. Anti-Xa activity is not the best biomarker
for thrombotic risk and is not the best way to monitor low
molecular weight heparin treatment. The thrombin an-
tithrombin complexes reflect thrombin generation and their
levels are efficiently decreased even when anti-Xa levels
are low, suggesting that the anticoagulation effect is still
significant up to a day post-low molecular weight hep-
arin. Many pregnant patients with anti-Xa levels considered
safe have significant variation in thrombin generation pa-
rameters, so that thrombin generation is insufficiently sup-
pressed in some of them. Thrombin generation assays can
improve the selection of doses of anticoagulant drugs dur-
ing pregnancy [55].

Conclusions

Nowadays, it is difficult to estimate the thrombotic risk
during pregnancy and postnatal period, as the classical as-
says used to explore coagulation are inadequate and anti-
Xa levels are not the most accurate way to evaluate coag-
ulation inhibition. Therefore, the results of the studies that
used these assays should be viewed with caution. Instead,
the thrombin generation assay evaluates the total amount of
thrombin and its formation dynamics and may confirm the
presence of hypercoagulability, but the assay has not been
standardized until now.

It is accepted that pregnancy is characterized by a hy-
percoagulable state. The high plasma levels of thrombin

generation are involved in the occurrence of major obstet-
rical syndromes. Thrombin generation is also involved in
the onset of inflammation and weakens fetal membranes at
the uteroplacental junction.

Exploring thrombophilic markers is difficult and expen-
sive. In addition, their identification does not allow the
quantification of thrombotic risk. Although there is no
consensus, studying the parameters of thrombin generation
could provide a picture of the balance between pro- and
anticoagulant factors, including a result of possible throm-
bophilic mutations, and could quantify the thrombotic risk.
Assessing thrombin generation may be a better way to mon-
itor anticoagulant therapy in pregnancy. Multicenter stud-
ies are needed to confirm this hypothesis.
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