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CLINICAL RESEARCH
Longitudinal evaluation of markers of hemostasis in
pregnancy
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Abstract: Objective: The aim of this study was to establish the physiologic changes in hemostasis during
pregnancy and to find the association between the factor V Leiden mutation and adverse pregnancy outcome.
Methods: We investigated blood samples of 148 pregnant women during each trimester of pregnancy. We
measured their serum concentrations of factors I, II, V, VII, VIII, IX, X, XI, XIl, D-dimers, prothrombin time, INR,
aPTT, activity of protein C and S, antithrombin Ill and platelet count. The pregnancy outcome of women with
factor V Leiden mutation was compared to those without congenital thrombophilia.

Results: Prothrombin time, INR and aPTT were significantly shorter. We found significantly higher plasma con-
centrations of fibrinogen and d-dimers and higher levels of activity of factor VIl and X in the third trimester. No
significant difference was found in protein C and antithrombin Il activity. The protein S activity was lower in the
second trimester and it increased in the third trimester. Although most of the clotting factors were rising dur-
ing the pregnancy, there was no evidence of fibrinolytic overactivation. In our study, the carriership of factor V
Leiden mutation did not affect the incidence of preeclampsia, eclampsia, intrauterine fetal death and venous
thromboembolism. Placental abruption was rare.

Conclusion: Hemostatic changes in pregnancy are significant and essential, and have the potential to cause
adverse pregnancy outcome. In addition, hypercoagulable state during pregnancy is considered to be physi-
ological (Tab. 4, Ref. 36). Text in PDF www.elis.sk.
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Pregnancy is considered to be a hypercoagulable state with
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Tab. 1. Risk factors of deep venous thrombosis in pregnancy (3).

higher risk of thromboembolic events. During pregnancy, chang-
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proteins. The physiological activation of hemostasis during preg- ' revious thrombosis | Protein § deficiency | Hyperfibrinogenemia
nancy reflects the venous stasis, vascular damage and hyperco- Immobilization Protein C deficiency | High levels of factor
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Pulmonary embolism is the main cause of maternal mortal- Trauma ciency
ity in the developed countries (2). The incidence of deep venous ~ Malignancy Ez(:(gzl(l) zgle(r)l;muta—
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during the third trimester and in the puerperium (2). The risk drome Dysfibrinogenemia
factors for venous thromboembolism differ from those for arte- ~ Myeloproliferative
rial disease, particularly stroke and atherogenic factors such as disorders
smoking, hypertension or hyperlipidemia. The major generally ~ Venous stasis
known risk factors for venous thrombosis in pregnancy are ve- ~ Obesity
nous stasis and hypercoagulation (3). Another classification di-  Vascular abnormalities
viding the risk factors into acquired and inherited conditions is Nephrotic syndrome
shown in Table 1 (3). Sepsis
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During pregnancy, the concentration of most clotting factors
increases, some of the natural anticoagulants decrease, and fibri-
nolytic activity diminishes. The gentle balance shifts towards en-
hanced coagulation. The modifications of the coagulation system
are due to hormonal changes while on the one hand they protect
women from excessive bleeding and fatal hemorrhage during de-
livery and puerperium, but on the other they predispose them to
thromboembolism (4). The most interesting markers of hemosta-
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sis activation and thrombin generation are antithrombin III and
D-dimer. Together with fibrinogen levels and platelet counts, the
activation markers are useful tools in various pathological situa-
tions in pregnancy for predicting and monitoring the severity of
the condition (5).

Both congenital and acquired thrombophilias are implicat-
ed in pathophysiological processes associated with thrombotic
damage of the placenta and associated with increased risk of
venous thromboembolism. Activated protein C resistance cau-
sed by factor V Leiden mutation is the most commonly known
inherited risk factor for venous thrombosis in pregnancy in whi-
te European population. The gene for factor V Leiden mutation
results in replacement of arginine at position 506 by glutami-
ne. This causes impaired anticoagulation. The resulting hyper-
coagulable state is a lifelong risk factor for venous thrombosis
and rises during pregnancy. The combination of activated pro-
tein C resistence/factor V Leiden mutation and pregnancy may
predict a higher risk for thromboembolic phenomena and ad-
verse pregnancy outcome (2). Thrombotic processes have been
described as an important pathogenetic factor of some severe
obstetric conditions such as preeclampsia, intrauterine growth
restriction (IUGR) and placental abruption by influencing the
placental perfusion. Preeclampsia, placental abruption, intra-
uterine growth restriction (IUGR) and intrauterine fetal death
(IUFD) contribute to maternal and fetal morbidity and mortal-
ity. Preeclampsia might be caused by poor placentation involv-
ing the spiral arteries and leads to inadequate uteroplacental
flow. Between the 8th and 18th gestation weeks, an altered tro-
phoblast invasion of the spiral arterial walls appears and results
in massive maternal inflammatory response. Placental changes
characterized by superficial endovascular cytotrophoblast inva-
sion in the spiral arteries and intervillous space are referred to
as placental vasculopathy. Placental apoptotic and necrotic de-
bris reaches maternal circulation resulting in endothelial dam-
age and activation of blood coagulation (6). Placental abruption
is a serious obstetric condition associated with high perinatal
mortality and high maternal morbidity and mortality. Abruption
of placenta is characterized as a separation of implanted pla-
centa by hemorrhage into decidua basalis. This process starts
with uterine vasospasm followed by relaxation and consequent
venous stasis. The arterioles rupture and placenta separates. Pla-
cental biopsies after abruption show the same abnormal vas-
cular structures as in preeclampsia (7). Intrauterine growth re-
striction (IUGR) has serious consequences for neonates. [IUGR
is associated with increased risk of premature birth, increased
morbidity including necrotizing enterocolitis, hypoxic brain in-
jury, retinopathy of prematurity, in later life obesity, diabetes
and ischemic heart diseases. Placenta is the interface between
fetal and maternal circulation and plays an essential role in sup-
porting normal fetal growth. Placental pathology is responsible
for the majority of IUGR (8). The relationship between intra-
uterine fetal death (IUFD) and factor V mutation is still debat-
able (9). It is unlikely that the factor V Leiden mutation can
cause early miscarriage by increasing the blood coagulation, be-
cause until the 10th week of pregnancy, the fetal nutrition is

mainly histiotrophic and the maternal intraplacental circulation
is fully established after the third month of gestation (9).

The aim of this study was to evaluate changes in plasma levels
of many hemostatic variables between 10th and 36th weeks during
pregnancy and to find the association between the factor V Leiden
mutation and adverse pregnancy outcomes such as preeclampsia,
eclampsia, intrauterine growth restriction (IUGR), intrauterine
fetal death (IUFD), prematurity, placental abruption and venous
thromboembolism.

Methods

In our prospective study, we investigated 148 pregnant women
during pregnancy between October 2006 and September 2009.
All women in the study population were Caucasian. This study
included only women with singleton pregnancy and history of
one unexplained abortion in the first trimester. Women with obe-
sity (BMI >40), liver and kidney diseases and other diseases that
could possibly affect the coagulation parameters were excluded
from the investigation. The women were non-smokers. All sub-
jects gave informed consent according to the principals of the
Declaration of Helsinki.

The blood samples were obtained at 10th—15th, 20th-—24th and
32nd-36th weeks of pregnancy and the hemostasis markers were
compared in each trimester. Venous blood samples were obtained
in fasting state using dehydrated sodium citrate for blood clot-
ting studies, and the samples were centrifuged at 3500 x g for 15
minutes at room temperature (24 °C). The obtained plasma was
measured by fully automatic coagulometer BCS XP Dade Behring.
Plasma was collected and assays were performed as follows:

* Global tests: prothrombin time (PT) also expressed in INR (In-
ternational Normalized Ratio), activated partial thromboplastin
time (aPTT) and platelets count.

* Coagulation factors: factor I, factor II, factor V, factor VII, factor
VIII, factor IX, factor X, factor XI and factor XII.

* Fibrinolysis marker: D-dimer in plasma measured by ELISA

* Natural inhibitors of coagulation: protein C, protein S and an-
tithrombin II1.

In our study group, the diagnosis of factor V Leiden mutation
was made in the pre-conception period in 52 women. The hetero-
zygous factor V Leiden mutation was confirmed in 11 women by
polymerase chain reaction (PCR). Negative results were obtained
in 41 women. Five women with factor V Leiden mutation were
treated during pregnancy with a prophylactic dose of Dalteparin.
We observed these women from the 10th—15th week of pregnancy
until their delivery. The factor V Leiden carriers were compared
with controls with negative PCR in respect of gestational age at
delivery, preeclampsia, eclampsia, intrauterine fetal death, in-
trauterine growth restriction, placental abruption, blood loss at
delivery, frequency of venous thromboembolism and superficial
thrombophlebitis. A paired t-test for normally distributed data was
used for comparing the investigated groups. A significance level
of 0.05 or less was considered statistically significant.
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Results

The changes in coagulation and fibrinolytic factors during
pregnancy are shown in Table 2. When examining the global test,
we found prothrombin time, INR and activated partial thrombo-
plastin time to be significantly shorter. When we compared proco-
agulant factors in the second and third trimesters with those in the
first trimester, we found significantly higher plasma concentrations
of fibrinogen and D-dimers and higher levels of activity of factors
VII and X. No significant difference was found in protein C and
antithrombin III activity. The protein S activity was lower in the
second trimester and increased in the third trimester.

Data of pregnancy outcome in women with factor V Leiden
mutation and controls are shown in Table 3. All pregnancies ended
with delivery of a living infant. None of the 52 pregnancies were
complicated by venous thromboembolism. More factor V Leiden
mutation carriers than controls were given thromboprophylaxis
and compression stockings, which might have prevented some
VTE (five women with factor V Leiden mutation were treated with
Dalteparin and one had compression stockings because of varicose
veins of lower extremities). There were significant differences re-

Tab. 2. Hemostatic changes during pregnancy.

Variables Week of Pregnancy Normal
(mean +SD) 10-15 20-24 32-36 range

Prothrombintime (%) 103.6+18.82 102.9£18.05 101.6+17.79 70-130
INR 1.002+0.113  0.893+0.138 0.821+0.146 0.8-1.25
aPTT (seconds) ~ 31.2743.273 30.87+£3.133 30.43£3.201 26-36

Platelets ( x10°.1") 253.4+76.05 239.0£72.89 228.0+74.54 150-440
Fibrinogen (g.I-1) 2.969+0.774 3.890+1.143 4.967+1.272 1.8-3.6
Factor II (%) 93.80+£15.25 93.83+15.21 93.73+15.21 70-120
Factor V (%) 103.6+21.03 103.5+21.07 103.7+21.04 70-140
Factor VII (%) 98.17+11.22  122.6£14.92 151.6£17.67 70-120
Factor VIII (%) 105.8422.73 106.2422.74 106.7£22.75 70-150
Factor IX (%) 97.43+15.03 97.18+15.05 97.92+15.02 70-120
Factor X (%) 95.70+£14.23  97.99+14.18 126.6+£15.96 70-120
Factor XI (%) 93.16+13.99 92.95+13.98 92.72+13.93 70-120
Factor XII (%) 109.1+21.85 109.7421.94 110.1£21.96 70-150
Protein C (%) 104.0+£19.33  104.0+19.30 104.0+19.35 70-140
Protein S (%) 89.58+18.18 85.48+18.52 87.70+18.32 59-118
Antithrombin (%) 101.3£13.57 101.3+13.61 101.4+13.67 75-125
D-dimers (pg.I")  165.1493.93 496.2+184.3 979.0+611.2 0-470

INR — International Normalised Ratio, aPTT — activated parcial tromboplastine time

Tab. 3. Pregnancy outcome in women with heterozygous factor V
Leiden (carriers) and controls.

Carriers Controls
Amount of patients 11 41
Viable infants (% *) 11 (100) 41 (100)
IUFD (% *) 0 0
TUGR (% *) 3(27.3) 49.7)
Preeclampsia (% *) 19.1) 6 (14.6)
Eclampsia (% *) 0 0
Birth before 37th week (% *) 1(9.1) 7(17.1)
Placental abruption (% *) 19.1) 0

Venous thromboembolism (% *) 0 0

Vaginal delivery (% *) 3(27.3) 25 (60.9)
Caesarean section (% *) 8(72.7) 16 (39.1)

* — percent of pregnancies, IUFD — intrauterine fetal death, IUGR — intrauterine
growth retardation
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Tab. 4. Comparison of total blood loss in carriers and controls dur-
ing delivery.

Blood loss (ml)  Amount of carriers (% *) Amount of controls (% *)
> 1000 0 2 (4.8)
600-1000 3(27.3) 11 (26.8)

<600 8(72.7) 28 (68.4)

* — percent of pregnancies

garding placenta-mediated complications. The gestational age at
delivery showed significant differences (p<0.05). There was a sig-
nificant difference in birth weight deviation between FVL carriers
and controls (p<0.05). The total blood loss at delivery defined by
measuring and guessing was lower in the factor V Leiden carriers,
but the difference was not significant. The incidence of blood loss
exceeding 1000 ml was higher among the control group (p<0.05).
Table 4 shows the comparison of total blood loss during delivery
between factor V Leiden mutation carriers and controls.

Discussion

The changes in hemostatic variables reflect the coagulation
status and show that the pregnancy is associated with a continual
low-grade process of intravascular coagulation. Our study found
8.8 % of women with platelet count lower then 150x10° I'' in the
first trimester. The incidence of thrombocytopenia increased in
the second (11.48 %) and third (14.19 %) trimesters. We con-
firmed that thrombocytopenia is the most commonly identified
coagulopathy in pregnancy. Some studies pointed out the benign
nature of incidental thrombocytopenia in pregnancy (10, 11). The
physiological pregnancy is associated with a degree of enhanced
platelet destruction followed by compensative increased produc-
tion. Sainio reported that 7.3 % of full-term women involved in
one-year-lasting study had platelet counts lower than 150x10° I at
delivery (11). The prothrombin time and activated partial throm-
boplastin time were tested separately to test the two pathways of
the clotting system, i.e. the intrinsic and extrinsic pathways. The
shortening of prothrombin time was progressive and statistically
significant in each trimester. This shortening was probably the
consequence of increased levels of factor VII. Significant changes
were captured in levels of factor IX, XI and XII during pregnancy
and this might be the reason why activated partial thromboplas-
tin time was shorter. The marked increase in plasma fibrinogen
was statistically significant from the first trimester probably due
to increased hepatic synthesis, and rose steadily throughout preg-
nancy. This could explain the almost two-fold increase in the
third trimester when compared to the first trimester. The rise in
fibrinogen levels reflects the increased production (12, 13). The
significant indicators of increased fibrinolysis are the levels of
D-dimers. Our study confirmed the notable increase in their lev-
els during pregnancy. None of the investigated women had the
level of D-dimers over the referent range during the first trimes-
ter. We detected that in 50 % of subjects in the study group, the
levels of D-dimers were within the referent range during the sec-
ond trimester. The significant increase continued during the third
trimester and achieved 95 %. Only 5 % of our study group had
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this followed marker within normal range in the third trimester.
The connection between hypercoagulable state due to increased
D-dimers and the risk of thromboembolism is unknown. In fact,
many authors found the increase in D-dimers to be a very sensitive
marker of fibrinolytic activity following the formation of fibrin.
Some authors suggest that the primary site of increased fibrinolytic
activity may be the placental uterine interface, while the elevated
levels are due to localized increase in fibrin formation (14, 15,
16). Variations in protein C activity and levels of antithrombin I1I
were not significant. Clark reported that the activity of protein C
seemed to be unaffected by pregnancy. Even if the protein C ac-
tivity was diminishing during pregnancy, the values were within
the normal non-pregnant range (17). Antithrombin III is the key
inhibitor of blood coagulation. The consumption and lower lev-
els of antithrombin III during pregnancy could have been caused
by increased clotting-enzymes production. In their studies, Clark
and Bremme found a modest decrease in antithrombin III levels
at term (12, 17). Asakura found a slight decrease in antithrombin
11T during the third trimester and this decrease was associated with
fibrinous layers found in placenta (18). Our study failed to detect
a significant decrease in antithrombin III. The activity of protein S
was significantly lower in the second trimester and was followed
by a slight increase during the third trimester while almost reach-
ing the first trimester levels. The coagulation changes are most
significant in the third semester of pregnancy and are associated
with hormonal changes, especially with the increasing levels of
estrogen throughout pregnancy (19).

There is evidence showing that the women with factor V
Leiden mutation might be at an increased risk of some severe ob-
stetric complications. Maternal thrombophilia together with natu-
ral hemostatic changes during pregnancy shift the gentle balance
towards thrombotic changes in placenta resulting in inadequate
fetomaternal circulation and lead to decreased placental perfusion
(20). Higher incidence of intrauterine growth restriction in our
study group confirms the relationship between placental pathology
and maternal thrombophilia. The etiology of intrauterine growth
restriction is multifactorial, and thrombophilia might have an ad-
ditional role. On the other hand several studies found no significant
difference in birth weight deviation between FVL carriers and con-
trols, indicating no elevated risk for intrauterine growth restriction
(21). In 1998, Triplett and Harris identified a correlation between
recurrent miscarriages and antiphospholipid antibodies syndrome
in 1989, and in 1996, Sanson suggested that there is a connection
between fetal loss and protein C, protein S and antithrombin 111
deficiency (22, 23). Since then, numbers of studies have occurred
trying to find the association between thrombophilia and abor-
tion/stillbirth. Fetal chromosome defects have been suggested to
be the most common reason for sporadic miscarriage, accounting
for 50 % of all miscarriages. The maternal factors seem to be more
and more important in pregnancy outcome (24). It is now widely
accepted that the recurrent miscarriage has a multifactorial etiol-
ogy including prothrombotic state, structural uterine abnormali-
ties, endocrinological defects, infections, immune dysfunctions
or endometrial responsiveness. The meta-analysis including 31
studies regarding thrombophilic disorders and fetal loss showed

that the factor V Leiden mutation was associated with early and
late recurrent fetal losses and late non-recurrent fetal loss (25).
Preeclampsia affects 5 % of singleton pregnancies. Its etiology is
still unclear. Preeclampsia is significantly associated with factor
V Leiden mutation. There is also an increased tendency towards
maternal complications such as disseminated intravascular coagu-
lation (DIC) and acute renal failure. In our study, the prevalence of
preeclampsia in FVL carriers was not higher than that in controls,
and was in accordance with the five largest case-control studies
and three prospective studies (26-33). Current evidence shows that
there are similar vasculopathic changes in preeclampsia, IUGR,
fetal loss and placental abruption. The etiology of placental abrup-
tion is multifactorial and thrombophilia might play its role. In our
small study, only one placental abruption occurred. In the two of
three largest retrospective studies and two prospective studies, they
found no significant association between factor V Leiden muta-
tion and placental abruption. Some authors suggest that the factor
V Leiden carriers have less blood during delivery compared with
non-carriers. Our study confirmed this suggestion (26, 33-36).

Conclusion

We confirmed that the hemostatic changes in pregnancy are
significant and essential, and have the potential to cause adverse
pregnancy outcome. The hypercoagulable state during pregnancy is
considered to be physiological. Although most of the clotting factors
rise during pregnancy, especially in the third trimester, there isno ev-
idence of fibrinolytic overactivation. In our study, the carriership of
factor V Leiden mutation did not affect the incidence of preeclamp-
sia. Adverse pregnancy outcomes such as placental abruption were
rare. Eclampsia, intrauterine fetal death and venous thromboembo-
lism did not occur. Thromboprophylaxis may have influenced the
prevalence of venous thromboembolism. The incidence of blood
loss exceeding 1000 ml during delivery was significantly higher in
the control group. In patients with negative personal or family his-
tories for thromboembolism the heterozygous factor V Leiden mu-
tation is associated with a lower risk of thromboembolism in preg-
nancy and therefore neither the screening of all pregnant women
nor the treatment of the low-risk carriers is recommended. The strict
collaboration between obstetricians and hematologists in cases with
thrombophilic etiology is the main key for successful pregnancy.
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