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Abstract

Introduction: Heritable thrombophilia’s are a group of genetic disorders of blood coagulation, resulting in an increased risk of 
thrombosis. Among this group, the most common deficiencies are related to mutations of the protein C, protein S and anti-thrombin 
III genes.

Woman with decreased placental blood flow during pregnancy have been found to be carriers of prothrombotic mutations, and 
a reduced pregnancy rate (PR) has been reported in women with impaired uterine perfusion.

Objective: The aim of this study is to evaluate the possible association between impaired uterine arteries and genetic 
polymorphism of trombophilic markers in patients with unexplained infertility.

Material and methods: In our prospective study, we evaluated the uterine artery perfusion through transvaginal colour-pulsed 
Doppler ultrasonography. The study was conducted on a cohort of 148 infertile patients aged between 26-37 years old.

Results: Our results showed a statistically significant association between trombophilic polymorphism mutations and impaired 
uterine arteries only with simultaneous presence of two or three mutations. 

Conclusions: This study shows that the increased resistance of the uterine arteries is positively correlated to the presence 
of at least two genetic polymorphisms for acquired thrombophilia: such polymorphisms, when combined, show a high statistical 
significance in causing uterine blood flow alterations. The mutations studied by our group could cause alteration in the uterine 
blood flow, resulting in failure both in a spontaneous pregnancy and in those induced by Medically Assisted Procreation.

Introduction and Aim of the Study
Heritable thrombophilias are a group of genetic disorders of 

blood coagulation, that result in an increased risk of thrombosis. 
Heritable deficiencies of the endogenous anticoagulants have been 
recognized for some years now: the first description of familiar de 

 
ficiency of anti-thrombin III in 1965 was followed by the report on 
protein C deficiency in 1981 and shortly after by the discovery of 
the deficiency in protein S. In 1993, Bertina, et al., described the 
condition of activated protein C resistance (APC-R) observed by 
plasma-based clotting assay [1], and shortly afterwards, the point 
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mutation R506Q, at cleavage site factor V, resulting in factor V 
Leiden mutation [2].

Mild-to-moderate hyperhomocysteinemia is also a demonstrat-
ed risk factor for arterial and venous thrombosis [3].

A recent study described guanine-to-adenine mutation at nu-
cleotide 20210 in the prothrombin gene is associated with higher 
serum concentrations of prothrombin, and an increased risk of ve-
nous thromboembolism, heart attack and cerebral vein thrombo-
sis. Woman with decreased placental blood flow during pregnancy 
have been found to be carriers of prothrombotic mutations [4,5]. 

Uterine receptivity is one of the most important factors in de-
termining successful implantation [6-9]. Several studies showed 
that failure to conceive might be associated with an increased re-
sistance in the uterine arteries [10,11]. Implantation of fertilized 
eggs requires dilatation of endometrial blood vessels [9]. A reduced 
pregnancy rate (PR) has been reported in women with impaired 
uterine perfusion [10-13].

Uterine artery perfusion is usually investigated through trans-
vaginal colour-pulsed Doppler ultrasonography (US), assessing the 
blood flow in the ascending branch of the uterine artery, which is 
depicted by a waveform in the spectral analysis. The qualitative 
assessment of the waveform gives the operator relevant informa-
tion about the blood flow through the uterine artery: for instance, 
the presence of an appropriate diastolic flow reflects an adequate 
blood flow in the vessel, while the detection of a protohistoric notch 
suggests high impedance [8,14,15].

In the literature, the most accurate index to predict an impaired 
uterine artery blood flow is the pulsatility index (PI) [16,17]. In fact, 
this index is shown to be very useful to quantify the diastolic blood 
flow, which can’t be estimated through the evaluation of the Resis-
tance Index (RI).

A mean value of PI>3.0 is predictive of pregnancy failure, 
whereas a PI value between 2 and 2.99 is considered the best value 
for a woman, because most likely she will become pregnant [14], 
whereas a resistance index (RI)>0.92 is predictive of pregnancy 
failure [10]. 

Given these premises, the aim of our study was to evaluate the 
possible association between impaired uterine arteries and genet-
ic polymorphism of trombophilic markers in patients with unex-
plained infertility.

Materials and Methods
Between January 2013 and May 2014, we evaluated 148 con-

secutive infertile patients through basal uterine arteries Doppler 
velocimetry. In this prospective study, computerized randomization 
was made between aged 26-37 years patients with the following 
criteria: 

1)	 male or tubal infertility;

2)	 serum levels of FSH and LH on day 3 of the ovarian cy-
cle<12 IU/L;

3)	 regular menstrual cycle;

4)	 normal uterine cavity;

5)	 absence of antiphospholipid syndrome (APS) and Lupus 
anti-coagulant;

6)	 normal Body Mass Index.

Uterine arteries Doppler velocimetry evaluation in the mid-
luteal phase of menstrual cycle was performed through a Duplex 
Colour Doppler machine (Sonoace 8000 SE) provided with an en-
docavitary 6.5 MHz probe. A high-pass filter at 50 Hz was kept in 
order to ensure that low frequencies patterns were not artificial. 
The flow velocimetry waveforms were obtained from the ascending 
main branch of the uterine arteries on both sides (left and right) of 
the uterine cervix in a longitudinal plane before it enters the uterus, 
thus keeping the insolating angle between the vessel and the ultra-
sound beam <30°. The Doppler gate was positioned when a vessel 
with good colour signal was identified on the screen. The Pulsatility 
Index (PI) was manually calculated when at least three similar con-
secutive waveforms of good quality were obtained. Doppler evalu-
ation was performed only by one operator to avoid inter-observer 
variation. Furthermore, the mean value of two measurements was 
considered to avoid intra-observer variation.

The PI was calculated whenever we performed uterine arteries 
Doppler velocimetry in non-pregnant women, since in these pa-
tients it is frequently observed the absence of end diastolic flow: in 
these cases, RI is always 1.0. Furthermore, the RI does not consider 
differences in the quality of the diastolic blood flow. The PI, on the 
contrary, is useful in quantifying diastolic blood flow. According to 
these premises, PI should be performed to better evaluate uterine 
arteries blood flow.

Patients were divided into two groups: Group A (study 
group)-49 patients with high pulsatility index in at least one of 
uterine arteries; Group B (control group)-99 patients with normal 
uterine arteries.

The cut off considered was PI>3.0, as what it is stated in the 
literature [14].

All patients underwent a screening, through PCR procedure, 
for the three main trombophilic markers: factor V Leiden gene mu-
tation, mutation G20210A of prothrombin (PT) and homozygous 
mutation of gene C677T of methylenetetrahydrofolate reductase 
(MTHFR) [18-20].

Oligonucleotides used as primers were: 5V-CATACTACAGT-
GACGTGGAC-3Vand 5V-TGTTCTCTTGAAGGAAATGC- 3V for FV 
Leiden; 5VTCTAGAAACAGTTGCCTGGC3V and 5V-ATAGCACTGG-
GAGCATTGAAGC- 3V for the mutation G20210A of PT gene; 5V-AG-
GGAGCTTTGAGGCTGACCTGAA-3V e 5V-ACGATGGGGCAAGTGATGC-
CCATG-3V for the C677T mutation of the MTHFR gene.

Main outcomes were PI, presence of trombophilic polymor-
phism alone or combined.

Statistical analysis was performed using the JMP software (ver-
sion 4.0.4; SAS Corp., Cary, NC). The parameters were compared us-
ing the student’s t-test for independent data and χ2-test, setting the 
significance level at p ≤ 0.05. The ANOVA test was also used to an-
alyze continuous variables, including primary and secondary out-
come parameters. The difference between treatments was evaluat-
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ed using a one-sided, 95% confidence interval. No adjustment for 
multiplicity was performed. The difference had greater significance 
when the linear mixed model, which controls for intrasubject vari-
ation was used to compare data across all time points (P ≤ 0.001). 
Statistical Power calculation was based on an α level of 0.05 (two-
tailed test) with 80% power to detect a 20% difference with 23 
evaluable patients per group.

Results
Patients resulted similar for demographic data (Table 1). We 

did not find patients with homozygous mutation of factor V Leiden. 
Furthermore, we did not consider MTHFR heterozygous mutation 
because of its frequency in the general population, which made it 
not meaningful for our study.

Table 1: Demographic and clinical characteristics. 

Group A N=49 Group B N=99 P value

Age years

(mean± SD)
32±3,6 34.5±2.8 NS

BMI 21.8±1.3 22.1±1.7 NS

Cycle length days

(mean± SD)
27.8±1,6 27.6±1.5 NS

Duration of sterility

years (mean± SD)
3.1±1.6 2.5±2.3 NS

Our results showed a statistically significant association be-
tween trombophilic polymorphism mutations and impaired 
uterine arteries only with simultaneous presence of two or three 
mutations: factor V Leiden and gene C677T of methylenetetrahy-
drofolate reductase (34,69% vs 1,01% respectively in group A and 
B P=0,0001); factor V Leiden and mutation G20210A of prothrom-
bin gene (20,4% in Group A vs 2,02% in group B , p=0.0003); gene 

C677T of methylenetetrahydrofolate reductase mutation and fac-
tor V Leiden and mutation G20210A of prothrombin gene (18,4% 
in study group vs 3,03% in control group P=0,0025) and factor V 
Leiden mutation, mutation G20210A of prothrombin gene and gene 
C677T of methylenetetrahydrofolate reductase mutation (12,24% 
vs 1.01% in group A and B respectively) (Table 2).

Table 2: Demographic and clinical characteristics. 

Group A n 49 Group B n 99 P VALUE

FV Heterozygous 8(16,3%) 6(6,6%) NS

FV Homozygous 0 0

PT 2 (4,1%) 2 (2,02%) NS

MTHFR homozygous 17(34,7%) 27(27,3%) NS

FV+MTHFR 17(34,69%) 1(1,01%) 0,0001

FV+PT 10 (20,4%) 2(2,02%) 0,0003

MTHFR+PT 9 (18,4%) 3(3,03%) 0,0025

FV+ MTHFR+PT 6(12,24%) 1 (1.01%) 0,0055

Conclusion
This study shows that the increased resistance of the uterine 

arteries is positively correlated with the presence of at least two 
genetic polymorphisms for acquired thrombophilia.

The identification of these polymorphisms allows to set the 
most accurate treatment immediately, avoiding therapies that may 
not work. It also gives us important information on the possible 
therapeutical management to be set during the entire pregnancy 
[5].

Anyway, we need to point out that screening tests, for both in-
fertile and pregnant women, do not always include these polymor-
phisms, due to their high frequency in the general population.

The purpose of this study is to demonstrate that these polymor-
phisms, taken individually, are not sufficient to explain an alteration 
in blood flow, especially for what concerns the uterus; on the oth-

er hand, they seem to have a higher statistical significance when 
combined [21]. The mutations studied by our group could cause al-
teration in the uterine blood flow, resulting in implantation failure 
both in a spontaneous pregnancy and in those induced by Medically 
Assisted Procreation.

Implantation failure is one of the main limitations that have al-
ways afflicted experts in the field of infertility. 

Edassery, et al., identified antigens associated with the most fre-
quent immunoreactions for ovarian autoimmunity associated with 
infertility [22]. 

A significant difference in endometrial cadmium concentration 
was found between women with unexplained infertility and fertile 
women. This suggests that cadmium may be a contributing factor in 
the etiology of unexplained infertility [23,24].

Oxidative stress plays, as well, an important role in oocytes 
quality of patients with infertility [25].
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In 2008 Bellver, et al., tried to find an association between 
thrombophilia and thyroid autoimmunity in unexplained infertili-
ty, implantation failure and recurrent spontaneous abortion; they 
concluded that prevalence of acquired and inherited thrombophil-
ia is high, but they are not associated with unexplained infertility, 
implantation failure and recurrent spontaneous abortion; despite 
that, there is evidence of a higher prevalence of thyroid autoimmu-
nity in these patients [26].

In 1997 Tohma suggested the importance of the evaluation of 
uterine blood flow in unexplained infertility [27].

Patients with increased resistance of the uterine arteries 
should be adequately treated before beginning an IVF attempt [28]. 
For this purpose, there are several different medications that can 
be used, the first line treatment being acetylsalicylic acid, followed 
by either heparin or nitroglycerin in case of failure of the previous 
treatments [29]. 
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