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ABSTRACT 
Objective. To identify qualitative and quantitative changes involving coagulation factors engaged in maternal 
and fetal complications, to determine the level of correlation between them, and to highlight the involvement of 
hereditary thrombophilia among pregnant women. 
Material and method. The article is based on 92 publications from 1995 to 2017, including a total of 49,127 
thrombophilic patients, of whom 1272 were controls, with inclusion criteria as preeclampsia, intrauterine growth 
retardation, or early or late pregnancy loss
Results. 31 studies based on preeclampsia- demonstrate the involvement of G1691A factor V Leiden gene 
mutation, G20210A Prothrombin gene mutation and/or C677T and A1298C MTHFR gene mutation as the main 
factors in the development of this complication. 10 studies focuses on the intrauterine growth restriction place 
G20210A Factor V Leiden gene mutation, G20210A Prothrombin gene mutation, C677T and A1298C MTHFR 
gene mutation, protein C and protein S deficiency as the main factors involved. Another 32 studies cite the in-
volvement of factor V Leiden mutation, Prothrombin mutation and MTHFR mutation in the development of 
early or late pregnancy losses.
Conclusion. Based on 92 rigorously selected publications, we were able to demonstrate the relationship be-
tween medium/increased risk thrombophilia and pregnancy outcome, especially due to the presence of factor 
V Leiden gene mutation, Prothrombin gene mutation but also MTHFR gene mutation homozygous status.
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INTRODUCTION 

It is well known that inherited or acquired 
thrombophilia are pro-thrombotic conditions, 
which can lead to complications such as venous 
thromboembolism (VTE), more frequently than in 
healthy people. The prevalence of this condition is 
increasing and more than 50% of patients with deep 
vein thrombosis of unknown causes show muta-
tions in clotting factors (1). Patients may be more 
or less symptomatic depending on the condition of 
double heterozygous or homozygous mutation.

Thrombosis and its pathophysiology are based 
on the Virchow triad: damage to the walls of blood 

vessels, blood flow turbulence or stasis and blood 
hypercoagulability (2). 

Further we try to underline the importance of 
this disease in pregnant women through the com-
plications that may arise.

Hereditary thrombophilia 

First of all, inherited thrombophilia can lead to 
serious complications, especially in combination 
with risk factors. These are hereditary polymor-
phisms affecting mainly genes encoding factors in-
volved in coagulation which represents an impor-
tant risk factor for thrombosis. Homozygous state, 
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less frequent than the heterozygous one, makes the 
risk of thrombosis to grow significantly. Also, the 
presence of several mutations in coagulation fac-
tors in the same individual (double heterozygous 
status), predisposes to notable consequences (3).

• Based on the frequency can appear:
• G1691A factor V Leiden gene mutation,
• G20210A Prothrombin gene mutation,
• Antithrombin III deficiency,
• C677T and A1298C methylenetetrahydrofo-

late reductase (MTHFR) gene mutation,
• Hyperhomocysteinemia
• Protein C and S deficiency
• Increased plasminogen activator inhibitor

(PAI)
Hereditary thrombophilia with great frequency 

in the population and high risk are: factor V Leiden 
(hetero/homozygous), prothrombin mutation (het-
ero/homozygous), double heterozygous factor V 
Leiden and prothrombin mutation. Thrombophilia 
with much lower frequency but with high risk for 
thrombosis are antithrombin III deficiency, protein 
C and S deficiency (false positives in pregnancy). It 
has been demonstrated on several occasions that 
separately, each of these may not produce signifi-
cant changes in pregnant women, but by associa-
tion, they can dramatically increase the occurrence 
of venous thrombosis (4). Associations with ac-
quired risk factors like cancers, oral contraceptives, 
pregnancies or postpartum, prolonged immobiliza-
tion aggravates the state of hypercoagulability.

Thrombophilia and pregnancy 
Pregnancy is also a hypercoagulability condi-

tion, but physiological, with increased risk of ve-
nous thrombosis development. In pregnant women 
other than VTE this pro-thrombotic state, thrombo-
philia, may lead to complications like preeclamp-
sia, early or late pregnancy loss, intrauterine growth 
restriction (IUGR) and even placental abruption. 
But it is very important to know that not all preg-
nant women with thrombophilia may develop these 
complications, and precisely because of this, the 
screening for this disease is not routinely per-

formed. It must be carried out only if there are risk 
factors for developing thrombosis (5). 

Obstetrics and gynecology guides include preg-
nancy with thrombophilia in several categories de-
pending on the thromboembolic risk factor and fre-
quency. 

Presence of heterozygous state Antithrombin III 
deficiency, cause an increased risk of thrombosis 
but with low frequency (Table 1). The presence of 
factor V Leiden/ resistance to activated protein C 
and G20210A prothrombin mutation, homozygous 
state are the only ones with high risk of thrombosis 
and with high frequency. Also in this category with 
high risk are included the association between fac-
tor V Leiden and G20210A prothrombin mutation 
(double heterozygous). The following depending 
on the risk (moderate risk) are the presence of fac-
tor V Leiden/ resistance to activated protein C and 
G20210A prothrombin mutation, this time hetero-
zygous state. And with low frequency and moder-
ate risk are the protein C and protein S deficiency 
(6). 

OBJECTIVES 

To analyze the role of clotting mutations in all 
the occurrence of maternal and fetal complications 
and to review the latest updates on their implica-
tions, to identify qualitative and quantitative chang-
es involving coagulation factors engaged in mater-
nal and fetal complications and to determine the 
level of correlation between them and, to highlight 
a better vision of the prognosis of these patients.

MATERIAL AND METHOD

Extensive review of the articles was conducted 
by two independent evaluators. A total of 92 publi-
cations have been included in the journal. To nar-
row the research area, relevant keywords were used 
– thrombophilia, venous thromboembolism, preg-
nancy, preeclampsia, intrauterine growth restric-
tion (IUGR), pregnancy loss, coagulation factors
and their correlation with maternal and fetal com-

 High risk Moderate risk  Low risk Frequency 
Factor V Leiden Homozygous status Heterozygous status High 
An� thombin III Hetero/homozygous status Low 
Prothrombin muta� on Homozygous status Heterozygous status High 
Protein C/S Hetero/homozygous status Low 
MTHFR Hetero/homozygous status High 
PAI Hetero/homozygous status High 

TABLE 1. Thromboembolic risk and frequency of coagulations factors



ROMANIAN JOURNAL OF PEDIATRICS  – VOL. LXVI, NO. 4, YEAR 2017 227

plications. Were used randomized trials, review, 
prospective and retrospective studies.

The inclusion criteria was based on the female 
population diagnosed with thrombophilia in the 
presence or absence of a personal or familial risk 
factor for venous thromboembolism (VTE), but 
also the presence of maternal and fetal complica-
tions such as IUGR, preeclampsia, late or early 
pregnancy loss.

Statistical analysis: data extraction was done sys-
tematically by selecting the suggestive studies pub-
lished using electronic database publications such as 
Pub-med (Medline) between 1995 and 2017, Co-
chrane publications, google.scholar, Embase and the 
OVID interface, also specialized journals publica-
tions, conferences, study sessions. We selected all 
publications that met the inclusion criteria.

Data quality was evaluated using Newcastel-
Ottawa Scale (NOS) and two independent evalua-
tors analyzed the data quality using standardized 
forms for data usage.

All collected data were saved in a computer ar-
chive for being reviewed more than ones and by 
more than one assessor. The statistical analysis was 
performed mainly using computer software and 
calculation formulas for odds ratio (OR) and confi-
dence intervals (CI), Fisher’s test, student t-tests, 
Chi-square (x2) test. 

RESULTS

Hereditary thrombophilia and preeclampsia 
There were selected twenty-seven articles dem-

onstrating the association between hereditary 
thrombophilia and preeclampsia to emphasize the 
involved of mutations of clotting factors in the de-
velopment of this complication. From selected 
publications, an increased risk of preeclampsia and 
severe preeclampsia has been reported in pregnant 
women with heterozygous V Leiden gene muta-
tion, heterozygous prothrombin gene mutation and 
homozygous MTHFR gene mutation (7). A total of 
2264 pregnant women where included in all 27 
studies, without risk factors. 

A meta-analysis by Lin J et. Al. based on 31 
studies highlight that an important part of pre-
eclampsia patients has changes in coagulation fac-
tors, namely factor V Leiden gene mutation with 
odds ratio 5.3 (95% CI; 1.8-15.6), MTHFR homo-
zygous OR 3.9 (95% CI; 0.7-20.6), or prothrombin 
gene mutation OR 4.7 (95 CI; 1.5-15.0) (8). 

Even if there were minor differences in the odds 
ratio (OR) in the selected publication for our re-

view, the conclusions remain the same, that in the 
face of a pregnant woman with preeclampsia or se-
vere preeclampsia and inherited thrombophilia, the 
main risk factors for these complication remain the 
presence of heterozygous factor V Leiden gene mu-
tation, heterozygous G20210A prothrombin gene 
mutation and homozygous MTHFR gene mutation. 
A smaller proportion of studies, especially due to 
the low frequency, have also demonstrated the im-
plication of antythrombin III deficiency and protein 
C and protein S deficiency in this feared complica-
tion with an OR 9.7 (95% CI 1.2-7.8) with p 0.01 
(9-10).

Hereditary thrombophilia and pregnancy loss
This is the most feared complication that may 

occur in pregnant women with this pro-thrombotic 
condition, which is why this disease is being stud-
ied more and more intensely to show a strict corre-
lation between hereditary or acquired thrombophil-
ia and complications that may occur (11).

Of all articles included in our study, we selected 
thirty-two most significant based on late or early 
pregnancy losses (12). In over 80% of publications, 
the involvement of factor V Leiden (FVL) gene 
mutation and G20210A prothrombin gene mutation 
in late pregnancy loss (second and third trimesters) 
was particularly strong (10-21). On the other hand, 
homozygous MTHFR gene mutation, protein C 
and S deficiency have been implicated to a lesser 
extent in the occurrence of this complication, being 
a small number of articles that could demonstrate a 
link between the presence of these mutations and 
the early pregnancy loss (13).

It was difficult for as to evaluate the implication 
of antithrombin III and pregnancy loss because of 
the low frequency of this anomaly. Even though in 
most articles this mutation was found in less than 
10% of the cases, all these have specified the asso-
ciation between antithrombin III deficiency and 
early pregnancy loss (14). 

From a total of 4,520 patients with early or late 
pregnancy loss, we could notice a close correlation 
between factor V Leiden gene mutation and the 
prothrombin gene mutation with late pregnancy 
loss with a significant OR 3.2 (95% CI 1.0-10.9) 
for FVL, and OR 3.3 (95% CI 1.0-10.9) for pro-
thrombin P 0.001 but also the association to a lesser 
extent of the MTHFR mutation, antithrombin III 
deficiency, protein C and S deficiency, and early 
pregnancy loss with significant higher risk OR 5.2 
(95% Cl; 1.5-18.1)/ OR 2.3 (95% Cl; 0.6-8.3) re-
spectively OR 3.3 (95% Cl;1.0-11.3). It was possi-
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ble to demonstrate the close relationship between 
pregnancy loss and pregnancy with thrombophilia 
to witnesses. OR 3.6 compared to OR 1.20 in the 
control group (12-15).

Turki et al. try to correlate the recurrent preg-
nancy loss with thrombophilic polymorphisms. 
The study demonstrate a significant association be-
tween FVL, G20210A prothrombin gene mutation, 
C677T MTHFR gene mutation and high risk of re-
current pregnancy loss (in particular late pregnancy 
loss) from 171 cases with recurrent pregnancy loss 
(RPL). The OR estimated for patients with preg-
nancy loss and FVL was OR 2.3, for prothrombin 
OR 3.9 and OR 1.9 for MTHFR. The higher OR for 
pregnancy losses was with combined defects OR 
14.3 compared to the risk arising in the absence of 
association (14).

Isaoglu U et al. in their study found a relation 
between recurrent pregnancy loss (RPL) and inher-
ited thrombophilia. Their results show that from 60 
cases with RPL, 13 were carriers of factor V Leiden 
gene mutation and 6 of them G20210A prothrom-
bin gene mutation (13).

Also Parand A. et. al. tried to demonstrate the 
same thing, the implication of protein S deficiency 
in RPL from 90 patients with recurrent miscarriage 
with significant results, with p=0.03. (14)

Our study further demonstrates on the basis of 
the large number of results that thrombophilia is as-
sociated with feared complications in pregnant 
women (12-17). In terms of pregnancy loss, it has 
been demonstrated in many ways that factor V 
Leiden and prothrombin gene mutation are particu-
larly involved in late pregnancy losses OR 2.4 
(95% CI; 0.78-7.61) P 0.001 (16-18). Even if we 
encountered difficulties in highlighting a correla-
tion between antithrombin III deficiency and recur-
rent pregnancy loss, based on 10% of all reviewed 
articles, we could state that this anomaly, and pro-
tein C and S deficiency were and are involved in 
early pregnancy losses OR 2.9 (95% CI; 1.8-4.8) P 
0.02. With the specification that they were made 
out of pregnancy, because it is well known that 
these proteins decrease physiologically in pregnan-
cy (17).

Inherited thrombophilia and IUGR
It has been demonstrated in many publications 

that the female population suffering from thrombo-
philia is susceptible to intrauterine growth restric-
tion and not only. 

Excessively investigated, we can say that throm-
bophilia has become more and more common 

among pregnant women. But it is extremely impor-
tant to know the risk factors that pose problems in 
the evolution of pregnancy (6). There are a large 
number of women with mutations in clotting fac-
tors, but without individual risk factors, with no 
history of pregnancy loss in second or third trimes-
ter, without significant family history, this women 
will have a normal pregnancy progression without 
complications. When homozygous Factor V Leiden 
gene mutation or G20210A prothrombin gene mu-
tation is present, we can frame the thrombophilia at 
high risk of developing complications (3-5).

From all the reviewed publications we selected 
10 most suitable, involving 470 pregnant women 
with thrombophilia, of which 343 with intrauterine 
growth restriction (18). 

Coriu et al, in a study of 151 patients with intra-
uterine growth restriction found thrombophilic 
gene, particularly the G20210A prothrombin muta-
tion, and in a smaller percentage could be found 
G1691A FVL gene mutation and C677T MTHFR 
gene mutation The risk of IUGR in patients with 
factor V Leiden is 2.66 times higher than the con-
trol group (OR 2.66 95% CI 0.96-7.37 P=0.059) 
(18).

Livrinova et al. try highlighting the association 
between preeclampsia, IUGR, placental abruption 
and the presence of factor V Leiden mutation, 
G20210A prothrombin mutation and MTHFR gene 
mutation in 109 cases. The study included 40 pa-
tients with preeclampsia, 17 with placental abrup-
tion, 22 with growth restriction and 30 control pa-
tients. Significant results were observed – relative 
risk (RR) in patients with FVL and IUGR was 2.58, 
and in patients with IUGR and homozygous MTH-
FR was 2.03, p<0.05 (19).

Another study, a meta-analysis based on 42 
studies involving Factor V Leiden mutation in 
IUGR development. This association between LVL 
and IUGR was significant with an OR of 1.32 (95% 
CL 0.15-11.30), p<0.05 (21)

Kupferminc et al. in their study highlighting that 
homozygous factor V mutation, homozygous 
G20210A prothrombin gene mutation, protein S 
deficiency had a significant prevalence of IUGR 
(10) 

Our selective review for intrauterine growth re-
striction (IUGR) has provided significant evidence 
of the implications of coagulation factors in this 
complication. Thus, in more than 70% of the re-
viewed publications, the authors encountered over 
75% of pregnant women with intrauterine growth 
restriction as carriers of the factorV Leiden muta-
tion (either homozygous or heterozygous) or 
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G20210A prothrombin gene mutation (either ho-
mozygous or heterozygous), the only one present-
ing a significant risk to develop IUGR (OR 4.2; 
95% CI; 1.6-10.9, p <0.001) (17-23). In the rest of 
the cases, the authors failed to demonstrate a cor-
relation between IUGR and the mutations of coag-
ulation factors compared to controls. There are also 
a number of publications that have attempted to 
highlight the association of intrauterine growth re-
striction with A1298C or/and C677T MTHFR mu-
tation but without a significant risk of developing 
IUGR (p> 0.05) (15-20). 

We can affirm based on the most important pub-
lications selected for our study that factor V Leiden 
gene mutation, G20210A prothrombin gene muta-
tion, homozygous A1298C or C677T MTHFR gene 
mutation have the greatest risk of developing ma-
ternal and fetal complications based on the odds 
ratio calculated for each study (Table 2). 

Inherited thrombophilia and placental abruption 
Another terrible complication could be associ-

ated with hereditary thrombophilia, this has been 
supported by a multitude of studies over the past 10 
years. This time, 24 publications based on the as-
sociation between hereditary thrombophilia and 
placental abruption (PA), including about 21,000 
women, were selected to establish a close correla-
tion between this complication and thrombophilia. 
We have had positive results so far, so in most stud-
ies, we have seen a close correlation between pla-
cental abruption and heterozygous Factor V Leiden 

gene mutation with an OR of approximately 9 (20-
22).

A study by Said and colleagues comprised 117 
cases with complications during pregnancy: pre-
eclampsia (45), IUGR (44), placental abruption 
(14), stillbirth (10), and 115 controls, trying to get a 
correlation between the most common complica-
tions during pregnancy and hereditary thrombo-
philia. Their results were interpreted with caution 
because there were only 16 cases that developed 
placental abruption in the presence of heterozygous 
FVL gene mutation OR 3.68 (95% CI 1.20-10.61) 
(20).

In the meta-analysis based on 10 publications, 
conducted by Rodger et al., was attempted to dem-
onstrate an association between pregnancy out-
comes and the presence of V Leiden gene mutation 
or G 20210A prothrombin gene mutation. That 
could not be sustained in their meta-analysis (21).

Of a total of 20175 women with placental ab-
ruption, 14.1% were carriers of heterozygous FVL 
gene mutation – a work done by Prochazka et al. in 
order to establish a correlation between placental 
abruption and women with hereditary thrombophil-
ia. So it could be sustained by them, the close cor-
relation between placental abruption and heterozy-
gous factor V Leiden gene mutation with OR 
(1.24-2.92) (20-23). 

In another study by Robertson et al. a meta-anal-
ysis, was a significant association between hetero-
zygous FVL gene mutation and placental abruption 
with an OR 4.70 and also between heterozygous 

TABLE 2. Odds ratio encountered in the most significant 
publications
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prothrombin gene mutation OR 4.9 (1.1-22.30) 
(22). 

DISCUSSIONS 

The study is a review demonstrating the rela-
tionship between major thrombophilia, high risk of 
thrombosis, or low risk thrombophilia and compli-
cations in pregnancy development (preeclampsia, 
IUGR, recurrent pregnancy loss, placental abrupti-
on). This is evidenced by all the information ob-
tained from the review of 92 articles based exclu-
sively on the relationship between pregnancy 
outcome and thrombophilia using odds ratio, confi-
dence interval (CL) and the value of p<0.05.

From the point of view of changes in clotting 
factors, we could see that the heterozygous / homo-
zygous factor V Leiden gene mutation was involved 
in a large proportion in most complications devel-
oped during pregnancy, particularly preeclampsia, 
IUGR, recurrent pregnancy loss, placental abrupti-
on, this mutation being the most frequent and at 
high risk of developing VTE. Also homozygous 
MTHFR gene mutation was found in patients with 
IUGR, preeclampsia and early pregnancy loss.

A similar thing was observed in the case of 
G20210A prothrombin mutation both hetero and 
homozygous status, being present in most patients 
who developed complications during pregnancy 
evolution, so all review publications describe pro-
thrombin mutation as involved in preeclampsia, 
IUGR, but also in the other major complications 
that occurred in these patients.

We found substantial statistical data regarding 
the correlation between factor V Leiden gene muta-
tion, prothrombin gene mutation and pregnancy 
loss especially late ones, and we fail to demonstrate 
a close correlation between protein S, protein C and 
antithrombin III deficiency, primarily because of 
their low frequency. The latter two shows the situa-
tion more delicate due to false-positive results dur-
ing pregnancy, knowing very well that they de-
crease physiologically with pregnancy, which is 
why they should be performed outside of it. Due to 
the absence of data to certify that thrombophilia 
tests were performed in the absence of pregnancy, 
it is difficult to say that protein C or protein S defi-
ciency is implicated in the pregnancy outcome. 
Even though antithrombin III deficiency is consid-
ered as having the highest risk of developing throm-
bosis, due to low incidence, it was difficult to ap-
preciate its implications among pregnant women in 
the 92 publications included in our study.

Of all the publications involved in the study, a 
proportion of 76% could demonstrate the associa-
tion of coagulation factors mutations with the com-
plications that occurred, but we considered it im-
portant that about 20% of articles could not be 
proved in comparison with controls. So it could be 
demonstrated on several occasions that major 
thrombophilies, the hetero/ homozygous factor V 
Leiden gene mutation, prothrombin gene mutation 
and their association may produce notable compli-
cations among pregnant women. Also that besides 
these coagulation factors, without other personal or 
family risk factors, the evolution of pregnancy is 
similar to that of controls.

Focusing on the main objective of the study, we 
tried to establish major thrombophils at high risk of 
thrombosis or notable complications during preg-
nancy, based on 92 articles that included > 23,000 
pregnant women with thrombophilia, primarily to 
stop the abuse of thrombophilia testing and to pre-
vent anticoagulation when not applicable. This is 
possible mostly because of patients who abuse 
thrombophilia tests without having personal or 
family risk factors indicating these tests.

Our study demonstrated significant discoveries, 
that the prothrombin gene mutation, factor V-
Leiden gene mutation and, to a lesser extent, MTH-
FR gene mutation or their combinations are partic-
ularly strong in the occurrence of preeclampsia, 
IUGR, late pregnancy loss and placental abruption, 
being the only mutations at high risk of developing 
complications, except for the antithrombin III defi-
ciency, where we have encountered difficulties in 
demonstrating the relationship with pregnancy due 
to low incidence.

CONCLUSIONS 

Recent debates have focused on correlating co-
agulation factor mutations with the development of 
complications during pregnancy.

In conclusion, mutations in clotting factors in-
terfere with complications during pregnancy. Thus, 
based on the calculated probability risk, factor V 
Leiden is the main mutation involved in preeclamp-
sia, intrauterine growth retardation and especially 
late trimester pregnancy loss with an OR of 4.7 
(95% CI; 1.5-15.0), OR 5.5 (95% CI ; 1.37-22.4) 
respectively OR 3.48 (95% CI; 1.58-7.69). MTH-
FR gene mutation was particularly involved in pre-
eclampsia with OR 3.9 (95% CL; 0.7-20.6).

Based on 10% of all reviewed articles, we could 
state that antithrombin III deficiency, protein C and 
S deficiency were and are involved in early preg-
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nancy losses OR 2.9 (95% CI; 1.8-4.8), p 0.02. The 
higher OR for pregnancy losses was with combined 
defects OR 14.3 compared with no association.

In view of the incontestable evidence, a better 
approach to this disease is needed, first of all in-
forming the masses as there is still inappropriate 
use of thrombophilic tests among pregnant women, 
secondly well-established screening programs.

We underline once again that hetero/homozy-
gous V-Leiden gene mutation, the hetero/homozy-
gous prothrombin mutation or their association are 
those that can evolve with complications during 

pregnancy , but also the presence of other changes 
in coagulation factors in the absence of a risk fac-
tor, history of late pregnancy loss, stillbirth, the 
personal or family history of thrombophilia, the 
personal or family history of deep vein thrombosis 
under the age of 40 years, the evolution of preg-
nancy is similar to that without thrombophilia.

There is a need for a better understanding of the 
phenomenon, this being insufficiently researched 
because there are still many loopholes in the sys-
tem.
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