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Abstract
Purpose In IVF procedures, endometrial function is a lim-
iting factor of the pregnancy rate and the aims of this study
is to determine whether seminal plasma insemination at
ovum pick-up in IVF has any effect on pregnancy rate.
Methods We designed a single center, 2 parallel groups,
randomized pilot study. All couples undergoing an IVF
procedure in our clinic between January 2010 and Decem-
ber 2011 were considered for enrollment in the study. The
patients who met the inclusion criteria were randomized into
two groups by simple randomization: the seminal plasma
group (SP group) and the reference group (noSP group). We
applied seminal plasma into the cervix and vaginal vault at
the time of the OPU in the patients of the SP group. The
primary outcome was the clinical pregnancy rate in the SP
group compared with the noSP group and the secondary
outcome measure was the implantation rate.
Results 400 patients met the inclusion criteria and were
randomized. 54 patients were excluded from the study main-
ly because they didn’t undergo the embryo transfer. Finally,
164 patients were included in the SP group and 182 patients
in the noSP group and analyzed. We found a statistically
non-significant increase in the pregnancy rate in the SP
group (55.5 % versus 44 %, p=0.09) and a statistically

significant increase in the implantation rate (34.7 % versus
27.5 %, p=0.026).
Conclusions Our results support the idea that SP insemina-
tion may have the potential to increase pregnancy rate in
IVF procedures but further studies must be carried out.
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Introduction

In IVF procedures, only 20 to 25% of the transferred embryos
lead to a pregnancy. Because this percentage cannot be further
increased by the improvement of the embryo transfer tech-
nique and culture conditions or by an optimal selection of
embryos, endometrial function and receptivity have been
accepted to be the major limiting factors of IVF pregnancy
rate. The endometrium is receptive to implantation in the mid
luteal phase during the so called “implantation window” [14].
Its duration is determined by the sex hormones which regulate
the expression of several cytokines [2]. Controlled ovarian
stimulation (COH) during the IVF determines a different
hormonal profile compared to the natural cycle and thus alters
the endometrial function and receptivity. Several studies have
revealed that exposure to seminal plasma (SP), the fluid
component of ejaculate produced by seminal vesicles, may
play a beneficial role in implantation. SP, which contains
paternal alloantigens and high concentrations of cytokines,
growth factors and prostaglandins, induce a state of active
immune tolerance, essential for the embryo to be implanted
[20]. Animals that become pregnant through artificial insem-
ination or embryo transfer without being exposed to SP have
substantially lower rates of implantation than those exposed to
SP [7]. Excision of the seminal vesicle glands from males
diminishes the tolerance-inducing effect of mating, while the
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vasectomy to remove sperms from the seminal fluid does not
substantially impact the response [17].

These findings have led to the conclusion that the use of
SP or its ingredients may stimulate endometrium in IVF
cycles in order to improve implantation rates. Several stud-
ies have investigated the role of SP in implantation with
controversial results, some reporting benefits [1,19,21],
whereas others showing no effect [6,15].

The purpose of this study is to investigate whether the
application of SP into the cervix and vagina at the time of
the ovum pick-up has any influence on the pregnancy rates
in IVF.

Material and methods

This was a single center, two groups, parallel-group, single
blind, randomized study conducted at the IVF Department
of the Polisano Clinic in Sibiu, Romania.

All patients undergoing an IVF procedure in our center
between January 2010 and December 2011 were eligible to
participate in the study. The inclusion criteria were: female
age under 38 years, 0–3 IVF previous attempts. The exclu-
sion criteria were: presence of male infection or leukocyto-
spermia; presence of HIV infection, hepatitis B or C,
syphilis in one or both partner; uterine diseases (congenital
malformations, fibroids, and endometrial adhesions). Male
infection was documented by the presence of leukocytosper-
mia defined as leukocyte count of more than 1 million/ml
ejaculate. Patients who met the eligibility criteria were di-
vided in two groups: the SP group (who received SP insem-
ination) and the noSP group (control group). To be
considered for analysis the patients in both groups had to
undergo an embryo transfer with top quality embryos. The
ethical approval for the study was obtained from the insti-
tutional review board and the consent was obtained from
patients.

The patients were randomly assigned to one group on the
day of ovulation triggering by a nurse using a randomization
list with a 1:1 ratio. The allocation sequence was concealed
only to the patients.

The patients in SP group received seminal plasma insem-
ination after the OPU. The SP was extracted from partner’s
ejaculate by centrifugation of ejaculates at 700×g for 15 min
and then at 2,000×g for 10 min. The supernatant was
verified under the microscope to make sure that it is free
of spermatozoa or other cells. 500 to 1,500 μl of superna-
tant, depending on the amount of sperm samples, were
stored in an insemination catheter (Wallace, Smiths Medical
North America). After the OPU, the catheter was introduced
1–2 cm into the cervical canal and 500 μl of SP was
injected. The remaining SP was injected into the posterior
vaginal vault. In both groups, COH was performed by using

long-acting or antagonist protocols. The long protocol was
used in women with a good ovarian reserve, endometriosis.
The antagonist protocol was used in patients with a poly-
cystic ovary syndrome, low ovarian reserve, previous low
ovarian response or ovarian surgery. The down regulation
was performed by administration of Diphereline 3.75 mg on
the 21st day of the previous cycle. In the antagonist proto-
col, the patients received contraceptive pill for at least
18 days prior to the COH. In both protocols the patients
received recombinant FSH (Gonal-F or Puregon) or highly
purified hMG (Menopur); in the antagonist protocol, when
the follicles reached 14 mm, the antagonist (Orgalutran) was
added. The ovarian response was monitored by ultrasound
scan. When at least 3 follicles reached 18 mm in diameter,
the ovulation was triggered with 0.25 mg rhCG (Ovitrelle).

The ovum pick-up (OPU) was scheduled 36 h after the
hCG administration and was performed transvaginally un-
der general anesthesia.

The patients in both groups were instructed to abstain
from sexual intercourse 3 days before and after the ovum
pick-up until the time of the β-hCG result. Fertilization was
achieved by standard IVF or ICSI, depending on the sperm
count and morphology on the OPU day.

Intravaginal progesterone (Utrogestan 600 mg/day) was
used as luteal support.

The embryos were cultured for 3 or 5 days. The embryo
transfer was performed on day 3 or 5 under ultrasound
guidance.

The embryo quality on day 3 was scored according to the
following parameters: number of blastomeres, rate of frag-
mentation, multinucleation of the blastomeres, and early
compaction. A top-quality embryo was considered to have
at least eight cells on day 3, with ≤10 % fragmentation,
regular size of the blastomeres and absence of multinuclea-
tion. The blastocyst quality was assessed according to the
criteria of Gardner and Schoolcraft [8]. A top quality blas-
tocyst was considered to be at least BL3, type A for the ICM
and type A or B for the trophectoderm.

The primary outcome measure was clinical pregnancy at
4 weeks after the OPU, defined as the presence of the
gestational sac or the presence of the embryonic pole. The
secondary outcome measure was the implantation rate. Ad-
ditional analysis was done on age, infertility cause, the COH
protocol, the number of oocytes collected, the number of
mature oocytes, the method of fertilization, the fertilization
rate, the day of the embryo transfer, and the number of the
transferred embryos. Because this was a pilot study we
didn’t calculate the sample size. Continuous variables were
compared using Student’s t-test and Levene’s test. Categor-
ical variables were compared using the chi squared test. The
statistical significance was accepted when p≤0.05. The sta-
tistical analysis was performed with SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA)
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Results

466 patients who underwent an IVF procedure in our center
were eligible to participate in the study. 54 patients were
excluded because they didn’t meet the inclusion criteria or
they met one or more exclusion criteria. 12 patients were
excluded because they were poor responders and didn’t

reach the OPU. 400 patients were randomized into two
groups on the day of ovulation triggering by a randomiza-
tion list. 36 patients in the SP group and 18 patients in the
noSP group were excluded because they didn’t have top
quality embryos or didn’t undergo the embryo transfer.
Finally, 164 patients in SP group and 182 patients in noSP
group were analyzed (CONSORT Flow chart).

CONSORT 2010 Flow Diagram

CONSORT 2010 Flow Diagram 

Assessed for eligibility (n=466) 

Excluded (n=66) 
Not meeting eligibility criteria (n=61) 
Declined to participate (n=5) 

Analysed (n=164) 
biochemical pregnancy (n=8) 

Didn’t reach ET (n=7) 
Severe OHSS (n=3) 
No oocyte (n=2) 
Fertilization failure (n=2) 

No TQ embryos (n = 14) 

Seminal plasma (n=200) 
SP insemination (n=185)

Did not receive SP (n=15): severe 

parvispermia, leukocitospermia 

Didn’t reach ET (n=6) 
Severe OHSS (n=2) 
No oocyte (n=4)  

No TQ embryos (n=12)

No-SP (n= 200) 

Analysed (n=182) 
biochemical pregnancy (n=9)

Allocation 

Analysis 

Follow-Up 

Randomized (n=400) 

Enrollment 

As shown in Table 1, no significant differences were
recorded between the two groups in term of mean age, cause
of infertility, stimulation protocols, fertilization type (IVF or
ICSI), mean number of embryos transferred and day of the
embryo transfer.

Also, no significant differences were found regarding the
number of oocytes collected, mature oocytes and the fertiliza-
tion rate (Table 2). Interestingly, we found that in the noSP

group the number of top quality embryos was higher than in the
SP group.

We found a non-significant increase in the clinical preg-
nancy rate in the SP group compared with the noSP group
(55.5 % versus 44 %, p=0.09). Also, using the one-tailed t-
test we found a significant increase in implantation rate in
SP group (34.7 % versus 27.5 %, p=0.026) (Table 3). Cal-
culating the sample size for these results to become
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statistically significant we found that 313 patients are need-
ed on each group.

Discussion

The results of this study support the idea that SP insemination
during the OPU in IVF cycles improves the pregnancy rate.
Our results reach statistical significance only in the implanta-
tion rate (34.7 % in the SP group versus 27.5 % in the noSP
group, p=0.026). Unfortunately, many patients were lost to
follow-up, so we cannot draw a conclusion regarding the
effect of the SP insemination on the live birth’s rate.

Several studies have investigated the role of SP in im-
plantation. Qasim found that application of SP in vagina
during intrauterine insemination does not improve the preg-
nancy rate [15]. Fishel found no difference in the pregnancy
and miscarriage rates between 2 groups with or without SP
(32 % versus 33 % and 21 % versus 17 %) [6]. Bellinge
deposited semen in the vagina of patients undergoing IVF at
the time of the oocyte fertilization and found an implanta-
tion rate of 53 %, compared with 23 % in the control group
[1]. Tremellen randomized 600 patients who either
abstained from or engaged in vaginal intercourse around
the day of the embryo transfer and found a significantly
higher number of viable embryos at 6–8 weeks of
pregnancy in the second group although pregnancy rates
were similar in both groups [19]. Coulam and Stern
performed a placebo-controlled clinical trial, depositing
into the vagina capsules containing SP or placebo. They
described an implantation rate of 80 % in the SP group,
compared with 67 % in the placebo group [4]. Von
Wolff applied thawed SP at the time of OPU during
IVF-ICSI cycles and found a non-significant increase of
the pregnancy rate (37.3 % versus 25.7 %) [21].

Therefore, as the designs of these studies are heteroge-
neous, the results are difficult to compare. Our study reaches

Table 1 Baseline characteristics of both groups

Baseline characteristics SP group
(n=164)

No-SP group
(n=182)

P value

Mean age (years) 33.1 (25–37) 33.9 (23–37) NS

Duration of infertility (years) 3.8 4.1 NS

No of previous IVF attempts 1 (0–3) 1(0–3) NS

Cause of infertility n(%) NS
Tubal factor 53(32.3) 70(38.5)

Male factor 62(37.8) 64(35.2)

Endometriosis 2(1.2) 6(3.3)

PCOS 11(6.7) 5(2.7)

Unexplained 36(22) 37(20.3)

Stimulation protocol n(%) NS
Long 93(56.7) 99(54.4)

Antagonist 71(43.3) 83(45.6)

Method of fertilization n(%) NS
Standard IVF 58(35.4) 81(44.5)

ICSI 106(64.6) 101(55.5)

No of transferred embryos
(median)

2.27 (1–3) 2.31 (1–3) NS

Day of embryo transfer n(%) NS
Day 3 68 (49.5) 89 (48.9)

Day 5 96 (50.5) 93 (51.1)

The results are expressed as mean values. The statistical analysis was
performed using the chi square test for the day of the transfer, the
fertilization method and the number of transferred embryos

Table 2 The embryological data in both groups

Embryological data SP group noSP group P value

Number of collected oocytes 14.5±7.7 13.3±7 NS

Number of mature oocytes 11.6±6.3 10.6±5.5 NS

Fertilization rate % (*) 76.7 (1,437/1,897) 72 (1,395/1,938) NS

Top quality embryo (n) 3.15±1.9 3.74±2.35 0.01

Values are expressed as means and standard deviation. The statistical analysis was performed by using the t-test

*number of embryos obtained/number of mature oocyte collected

Table 3 The outcome parameters in both groups

Outcome measures SP group noSP group P value

Pregnancy n (%) clinical 91 (55.5 %) 80 (44 %)

negative 65 (39.6 %) 93 (51.1 %)

biochemical 8 (4.9 %) 9 (4.9 %)

Clinical pregnancy (n) Single 61 45

Twins 28 33

triplets 2 2

Pregnancy rate (%) 55.5 % (91/164) 44 % (80/182) 0.09

Implantation
rate % (*)

34.7 (123/372) 27.5 (117/425) 0.026**

*number of embryos with heart beat on ultrasound/number of embryos
transferred

**one-tailed t-test
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statistical significance in implantation rates and the results
are dependent on the SP insemination; all the other factors
affecting the pregnancy rate were similar in both groups.
One interesting fact is that in the noSP group the number of
top quality embryos obtained was higher than in the SP
group with no evident explanation.

The SP may influence the endometrium through three
possible mechanisms. First, some of the SP may reach
the uterine cavity through the cervical canal, with direct
stimulatory effect on the endometrium [13]. Second, the
concept of vascular countercurrent transfer between the
vagina and the uterus provides a very interesting model
to explain the stimulatory effect of SP on the endome-
trium, without ascension through the cervical canal [5].
Some constituents of SP may reach the endometrium
through the vascular system by the so-called first-pass
effect. Cicinelli found a 10–20 fold increase in the level
of progesterone in endometrial cells after the vaginal
administration compared to the parenteral administration
at the same peripheral plasma levels [3]. Third, the SP
may provide paternal alloantigens, modulating the fe-
male immune system to better accept the embryo. This
tolerance is though to be mediated at least in part by
regulatory T (Treg) cells, a subpopulation of T cells
which are potent suppressors of inflammatory type 1
(cell-mediated) immune responses [9]. This concept is
supported by experiments in mice. Johansson demon-
strated that activation and expansion of the female lym-
phocyte populations after mating were triggered by
constituents of SP derived from seminal vesicle glands
[11]. SP determines an inflammation-like response in
the female reproductive tract associated with recruitment
of dendritic cells into the endometrium [18]. These cells
process the male antigens from SP and activate prolif-
eration and activation of regulatory T cells [11] which
promote tolerance of paternal alloantigens at the time of
the embryo implantation [17]. The SP also contains
prostaglandin E and TGF-β, capable of initiating toler-
ance towards foreign antigens [12]. These cytokines are
likely to be important in skewing the T-cells towards
the Treg cell subpopulation [16]. Exposure to SP on the
day of the OPU may trigger the immune tolerance to
the paternal antigens and thus improve the embryo
implantation.

Furthermore, the in vitro stimulation of endometrial
epithelial cells with SP up-regulates several endometrial
factors, such as the leukemia inhibitory factor (LIF) and
IL-6, which are thought to play an important role in
human implantation and the early stages of pregnancy
[10]. The great number of active constituents of the SP
supports the assumption that the priming of the endo-
metrium by the SP is dependent on several factors
rather than on a single stimulatory agent.

In conclusion, our results support the hypothesis that SP
has potential to increase pregnancy rate in IVF procedures,
but further, more comprehensive studies are needed in the
future.
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