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Background & Objective: In this placebo-controlled randomized clinical trial, we 
aimed to investigate the effect of low molecular weight heparin (LMWH) on the 
assisted reproductive technology (ART) success rate in women without thrombophilic 
disorder undergoing assisted reproductive technology. 

Materials & Methods: The study population consisted of 276 patients referred to the 
infertility center at Shiraz University of Medical Sciences and who underwent in vitro 
fertilization (IVF) for the first time. Patients were randomly assigned into two groups 
(control group = 137 women who underwent IVF and received placebo; case group = 
139 women who underwent IVF and received LMWH). The case group was treated 
with LMWH and the control group received placebo. Specifications for egg harvesting, 
processing sperm, the number of fertilized eggs and embryos, the number of frozen and 
transferred embryos, and the IVF outcome were assessed. 

Results: The mean age of subjects was 32.59 ± 4.41 years old in the case group and 
32.62 ± 5.18 in the control group (p = 0.955). The final outcome of IVF treatment in 
the control group was treatment failure (62%), clinical pregnancy (21.2%), chemical 
pregnancy (5.9%), and live birth (7.3%), while in the case group, it was treatment failure 
(48.2 %), clinical pregnancy (21.6%), chemical pregnancy (2.2%), and live births 
(28.1%). There was a significant difference in IVF outcome in the two groups (P < 
0.001).  

Conclusion: Given the significant difference in the number of live births and 
reduction of pregnancy complications in the LMWH group, it can be concluded that 
LMWH prophylaxis may be effective in ART success. 
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Introduction
Infertility is defined as a couple's infertility after one 

year of sexual intercourse without the use of preventive 
methods, and 14% of couples all over the world suffer 
from this problem. Usually, 85-90% of healthy young 
couples will get pregnant within one year. However, 
10-15% of couples remained infertile among them, 
15% have received infertility treatments (1, 2). In Iran, 
the prevalence of infertility is reported at 10.9% and the 
most common cause is female factor (3). 

In vitro fertilization (IVF) technique, as a method of 
assisted reproductive therapy (ART), plays a very 
important role in the whole world, which has become 
one of the pillars of infertility treatment (4). Despite the 
immense success of IVF treatment in many patients, 
failure could happen in multiple cycles of implantation, 
and live birth statistics are disappointing using the ART 
method (5). The process of implantation is one of the 
most important and sensitive steps of the ART cycle, 

which requires a healthy embryo and prepared 
endometrium, with embryo implantation taking place 
based on these two factors’ interactions (5-7). 
Abnormal embryos, endometrium, and female factors 
lead to implantation failure. Previous studies have tried 
to suggest an applicable treatment for this failure, 
including aspirin, vaginal sildenafil, low molecular 
weight heparin (LMWH), and intravenous immune 
globulin (IVIG) (5, 6). 

In fact, the process of implantation is a complex 
phenomenon in which autocrine and paracrine 
regulator systems play an important role. It has been 
hypothesized that heparin can adjust the mentioned 
factors and improve embryo penetration into the 
endometrium and thereby increase success (8, 9). 

It has been shown that heparin could have an 
immunomodulatory effect in addition to its 
anticoagulant effect (10). Adhesion molecules such as 
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growth factors like heparin-binding epidermal growth 
factor, E-cadherin, and the free insulin-like growth 
factor have a significant effect on endometrial 
epithelial cells, blastocyst connection, and trophoblast 
invasion into the endometrium. Heparin can improve 
trophoblast invasion into endometrium by reducing E-
cadherin and also improve implantation by increasing 
these two growth factors (11-13). 

In fact, the main effect of heparin is its anticoagulant 
effect, which improves blood supply to the placenta. 
Besides the mentioned effect, heparin can be combined 
with several proteins and improve the implantation 
process and trophoblast growth (14, 15). 

Several studies have attempted to find a way to 
increase ART success. One of these methods is to use 
LMWH in ART cycles. Despite the proposed 
hypothesis based on improving implantation by 
heparin with the mentioned mechanisms and the 
common use of LMWH in ART cycles, previous 
studies have failed to definitely reveal a meaningful 
difference in the success rate of ART cycles between 
patients who received LMWH and the control group 
(16, 17). Therefore, the goal of this study was to see 
how LMWH affected the success rate of ART cycles 
when compared to a control group. 
 

Methods 
Trial design and population 

This placebo-controlled, randomized clinical trial 
included a total of 276 patients (20-40-year-old 
women) who were referred to Ghadir Mother and Child 
Hospital and a private clinic for infertility diseases 
affiliated with Shiraz University Medical Sciences, 
who underwent IVF for the first time. 

Inclusion criteria were as follows: all patients under 
40 years of age underwent IVF for the first time and all 
of their laboratory tests such as antithrombin, protein C 
and S, homocysteine, lupus anticoagulant, and anti-
cardiolipin antibodies were within the normal range. 
Moreover, patients with chronic diseases, uterine or 
fallopian tube abnormalities (hydrosalpinges visible on 
transvaginal ultrasonography and fibroids larger than 5 
cm), and those who had received LMWH in the past 
three months were excluded from the study. 

Using a computer-based algorithm that followed a 
random number generator technique, patients were 
randomly divided into two groups with a 1:1 aspect 
ratio to receive either LMWH or placebo. In the control 
group, 137 patients were enrolled to receive placebo, 
and 139 patients were treated with LMWH in the case 
group. The participants were categorized using an 
online calculator at www.calculator.net, and each 
patient was allocated a number at random depending 
on the calculator's output. Numbers one to 139 were in 
the intervention group, whereas numbers 140 to 276 
were in the control group. In addition, both groups had 
the same age distribution.  

Trial procedures 

All patients received a long-term gonadotropin-
releasing hormone (GnRH) method in order to induce 
ovulation. HCG was administered for oocyte 
maturation when at least three follicles greater than 17 
mm were observed on ultrasound. Oocyte retrieval was 
performed after 36 hours. The standard technique of 
IVF was conducted, and the embryo transfer was done 
after the egg and sperm combination on an appropriate 
day. On the day of oocyte retrieval, patients were 
allocated into two groups at random. In the control 
group, normal saline was administered subcutaneously 
after oocyte retrieval, and the case group received 
LMWH with 40 mg/ml daily. On day 14, after embryo 
transfer, a pregnancy test was performed in both 
groups. If the pregnancy test was positive, treatment 
with LMWH or subcutaneous saline placebo was 
continued until the 9th week of gestation. All patients 
were followed until delivery. In fact, sperm was taken 
from four men using the Testicular sperm extraction 
(TESE) method, while sperm from the other men was 
taken in the usual way (normal ejaculation). 

Trial outcomes 

All the information such as etiology, follicular 
puncturing (including the number of oocytes and 
oocyte scoring), sperm processing (including the 
number, motility, and morphology), ART procedure 
(the number of fertilized oocytes and embryos), 
embryo transfer, freezing, and final outcome were 
collected in a checklist. 

Statistical analysis 

A Statistical Package for the Social Sciences (SPSS) 
version 21 was used to conduct the analysis (IBM. 
Corporation, Armonk, NY, USA). Descriptive and 
continuous variables are presented in terms of numbers 
(percentages) and mean ± standard deviation (SD). To 
determine the factors influencing the outcome of IVF, 
independent sample T-test and chi-square tests were 
used. The significant level was considered to be P < 
0.05. 

Trial oversight 

The present study was approved by the Shiraz 
University of Medical Sciences' institutional review 
board and received the approval of the Ethical 
Committee (IR.SUMU.MSP.MED.1394.26). It's worth 
noting that all the study's subjects signed written 
informed consents. 
 

Results 
Patients 

The mean age of subjects and their partners was 
32.61 ± 4.79 years (20-40 years) and 36.38 ± 5.8 years 
(24-61 years), respectively. In this study, 276 patients 
were evaluated. The patients' demographic data and 
causes of infertility of two groups are displayed in 
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Table 1. There was no statistical difference between the 
case and control groups in terms of the mean age or the 
number of causes of infertility. 

 

Table 1. Distribution of infertility causes in study population 

 
Control group 

Frequency (percent) 

Case group 

Frequency (percent) 
P value 

Age 

Partner age 

 

The cause of infertility 

Tubal abnormality 

Male factor 

Ovulation problems 

Endometrioma 

unknown 

32.62 ± 5.18 

32.28 ± 2.27 

 

 

13 (9.5%) 

11 (8%) 

10 (7.3%) 

7 (5.1%) 

96 (70.1%) 

32.59 ± 4.41 

36.74 ± 5.65 

 

 

17 (12.2%) 

20 (14.4%) 

15 (10.8%) 

12 (8.6%) 

75 (54%) 

0.955 

0.781 

 

 

 

 

0.91 

 

 
  

Comparison of oocyte and sperm characteristics in 
the fertilization process in the study population and 
controls are available in (Table 2).  

 

Table 2. Comparison of oocyte and sperm characteristics in the fertilization process in the study population and controls. 

Title 
Control group 

(mean ± SD) 

Case group 

(mean ± SD) 
P-value 

Oocyte number 12.22 ± 8.08 12.32 ± 8.34 0.922 

M2-oocyte number 10.47 ± 7.55 10.64 ± 7.4 0.845 

Number of sperm before preparation process 66.23 ± 60.25 64.09 ± 54.94 0.763 

Number of sperm after preparation process 30.19 ± 21.02 28.29 ± 19.72 0.499 

Sperm with normal morphology percentage before 
preparation process 10.5 ± 8.62 28.29 ± 19.72 0.521 

Sperm with normal morphology percentage after 
preparation process 20.89 ± 14.85 20.22 ± 14.67 0.743 

Sperm with normal motility percentage before 
preparation process 40.75 ± 25.28 41.24 ± 25.54 0.876 

Sperm with normal motility percentage after 
preparation process 91.72 ± 19.26 92.55 ± 15.68 0.730 

Number of fertilized oocyte 8.36 ± 6.14 8.82 ± 6.76 0.599 

Number of embryos 7.86 ± 6.09 8.3 ± 6.37 0.563 

Number of frozen embryos 7.88 ± 6.37 8.45 ± 6.22 0.527 

Number of fertilized cycles 2.77 ± 1.78 2.79 ± 1.57 0.923 
 

As (Table 2) shows, there was no significant 
difference between the two groups regarding the 
mentioned values. Moreover, although all four men in 
whom sperm extraction was done by the TESE method, 
were in the control group, there was not a significant 

difference in terms of sperm extraction between the 
two groups (P = 0.123). 

A comparison of the number of transferred embryos 
as well as the final outcome distributed in the two 
groups was compared and shown in (Table 3).  
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Table 3. Comparing the number of embryos transferred and final IVF outcomes in control and intervention groups. 

Variable Control group Case group 
P-value 

The number of transferred embryos 

1 embryo 

2 embryos 

3 embryos 

Final IVF outcome 

Chemical pregnancy 

Clinical pregnancy 

Live births 

Abortion 

Treatment failure 

 

6 (4/4%) 14 (10.1%) 
 

0.208 
95 (69.9%) 83 (60.1%) 

33 (24.3%) 38 (27.5%) 

 

 

 

< 0.001 

13 (9.5%) 3 (2.2%) 

29 (21.2%) 30 (21.6%) 

10 (7.3%) 39 (28.1%) 

42 (30.7%) 33 (23.7%) 

85 (62%) 67 (48.2%) 

According to chi-square test results, there was a 
significant difference in IVF final outcome in the two 
groups (P < 0.001), and the number of pregnancies and 
live births were more in the case group (Table 3). 

Complications such as IUGR, preeclampsia, 
oligohydramnios, and abruption were significantly 
fewer in the case group than in the control group 
(Figure 1). 

 

 
 Figure 1. Distribution of abortion causes and pregnancy complications in the case and control group 

 

Discussion 
Nowadays, the process of treatment in patients with 

recurrent pregnancy failure associated with 
antiphospholipid antibodies syndrome or other 
thrombophilic disorders is focused on using anti-
thrombotic drugs (18), leading to efforts on new 
dimensions of treatment and even using this method in 
patients with recurrent abortion, not because of 
thrombophilia, is recommended (19). Despite 
proposing a hypothesis that implantation will be 
improved by heparin and the common use of LMWH 
in ART cycles, previous studies have failed to show a 
remarkable difference in the success rate of ART 
cycles in those who received LMWH compared to their 
control group (18-20). In the present study, final 
outcomes such as clinical pregnancy and live births 
were found to be more while abortion and treatment 

failure were less in the LMWH group than controls. 
Moreover, the case group had a greater rate of IUGR, 
preeclampsia, oligohydramnios, and PROM as 
pregnancy complications than the control group. 

As in the Safdarian, Kheirollahi (21) study which 
compared the results of patients with immunological, 
thrombophilia, or disorders of unknown cause who 
were treated with heparin (21). Although the difference 
was not significant, patients with immunological 
causes or thrombophilia who were treated with heparin 
had more positive HCG tests than patients in the 
unknown cause group (58.3% vs. 27.8%). They stated 
that due to the lack of a significant difference in the 
outcome of pregnancy in patients with frequent IVF 
failure receiving heparin between the two groups, it 
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does not seem that heparin treatment in patients with 
frequent IVF failure would be beneficial. Although the 
difference was not significant, the positive pregnancy 
outcome in women with thrombophilia or 
immunological causes treated with heparin was higher, 
but to provide a therapeutic solution, larger randomized 
studies evaluating the effect of heparin in patients with 
recurrent implantation failure are necessary. In the 
current study, the case group's final IVF treatment 
outcome was 48.2 percent vs. 62 percent, clinical 
pregnancy 21.6 percent vs. 21.2 percent, chemical 
pregnancy 2.2 percent vs. 9.5 percent, and live birth 
28.1 percent vs. 7.3 percent, all of which were 
significantly better than the controls (p < 0.001).   

Qublan, Amarin (22) found that patients who got 
LMWH as a thromboprophylaxis had significantly 
higher implantation and pregnancy rates than those 
who received a placebo (20.9% vs. 6.1%, P < 0.001 and 
31% vs. 9.6%, P < 0.05, respectively). In the heparin 
group, the rate of live births was likewise significantly 
higher than in the control group (23.8% vs 2.8%). They 
discovered that the abortion rate in the placebo group 
was considerably greater than in the heparin group (P 
< 0.05). In line with the mentioned study, in a RCT by 
S Singh, Cheluvaraju and Jain (23), they showed that 
in women with a previous history of infertility, LMWH 
would be effective in the luteal phases of fresh IVF 
cycles, while Yang, Chen (17) in a meta-analysis 
refuted the effect of LMWH on pregnancy success rate 
in non-thrombophilic women having IVF. Likely, other 
studies could not show the beneficial effects of LMWH 
in the luteal phase on IVF/intracytoplasmic sperm 
injection (ICSI) cycles in women with recurrent 
implementation failure (24, 25).  

In the Qublan, Amarin (22) study, LMWH was only 
given to patients who had thrombophilia, whereas in 
our study, heparin was given to all patients who 
underwent IVF for the first time and did not have a 
thrombophilia problem. It is noteworthy that receiving 
heparin by all patients may cause a problem that may 
be in the absence of heparin, the IVF treatment was also 
successful. In fact, heparin was able to increase the 
number of live births. Since the most common cause of 
infertility in both groups was not known, heparin was 
also able to help the patients with the unknown causes.  

In a similar study, Potdar, Gelbaya (26) 
systematically assessed the effect of LMWH as a 
supplementary medication in IVF treatment on the live 
birth rate and implantation rate in women who had 
previously failed IVF.  Based on the results, the pooled 
risk ratio in women with three or more previous failed 
IVF (n = 245) showed a significant increase in the 
number of live births (P = 0.002, RR = 1.79, 95% CI 
1.10-2.90) and a decrease in the abortion rate (P = 0.02, 
RR = 0.22, 95% CI 0.06-0.78) in the LMWH treated 
group compared to controls. Also, adjuvant treatment 
with LMWH improved the live birth rate significantly 
in women who had three or more recurrent IVF failures 

(79% compared to the control group). However, they 
stressed that the mentioned treatment should be 
considered with caution because the total number of 
participants was low. More evidence from clinical 
trials in more powerful and more qualified centers is 
required before recommending clinical use of LMWH. 

In the present study, the mean pregnancy weeks of 
abortion were 18 weeks in the control group and 13 
weeks in the case group. It seems that giving heparin 
not only increases the number of live births, but also 
makes it take longer for a miscarriage to happen in the 
LMWH group than in the control group. At the same 
time, live births in the case group were at 38 weeks and 
in the control group they happened at 36 weeks, so it 
might be concluded that in the control group due to 
pregnancy complications, pregnancy termination has 
occurred in lower weeks and the case group has 
experienced a lower risk pregnancy. The prevalence of 
pregnancy complications such as IUGR, 
oligohydramnios, and preeclampsia was also more 
common in the control group than in the case group. 
Therefore, future studies can look at how heparin 
affects the rate of pregnancy complications during the 
study period as well as the success of IVF treatment. 
 

Conclusion 
Based on the results in our study and the considerable 

difference in the number of live births in the heparin 
group and the reduction in pregnancy complications, 
LMWH prophylaxis seems to be effective in ART 
cycles’ success. If similar results are found in future 
studies with larger sample sizes, LMWH could be used 
as an extra treatment for people going through IVF for 
the first time.  
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