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Introduction

Abstract

Aim: The aim of the present study was to determine the importance of the depth of embryo
replacement into the uterine cavity (upper or lower half endometrial cavity) on the implantation
clinical pregnancy rates.

Material and Methods: In this prospective observational were included 160 patients underwent
controlled ovarian hyperstimulation followed by IVF/ICSI and embryo transfer. On the day of
embryo transfer under direct transabdominal ultrasound guidance, the transfer catheter was
advanced to a defined distance from the uterine fundus, up to the point estimated for transfer: 10
2.5 mm (Group A) and 15 + 2.5 mm (Group B).

Results: In total, 160 patients, aged 24-42 years were included in the study. Overall clinical
pregnancy rate were 41.2%. Analysis of our results demonstrated that pregnancy rate is
significantly influenced by transfer distance from the fundus where the pregnancy rate decreases
from 48.7% in group B to 34.5% in group A (p<0.05). There was not significantly difference in
abortion rate between the two groups.

Conclusion: In conclusion, our results suggest that depth of embryo replacement inside the uterine
cavity may influence the pregnancy rates and should be considered as an important factor to
improve the success of IVF cycles.

The embryo transfer procedure is the last one
of the in vitro fertilization process. No matter how
good the IVF laboratory culture environment is, the
physician can ruin everything with a carelessly
performed embryo transfer. The entire IVF cycle
depends on delicate placement of the embryos at the
proper location on the endometrial cavity — with
minimal trauma and manipulation. Improvements in -
in vitro fertilization (IVF) and embryo transfer (ET)
have resulted from evaluating each step of the
process, analyzing effects of different techniques,
then assessing outcomes to select the best method,

whether related to preparation of the patient, choice of
stimulation protocol, culture technigue, embryo
selection, mechanics of transfer, or post transfer
management. Despite numerous developments in
assisted reproduction, the clinical pregnancy rate
(CPR) in in vitro fertilization (IVF) and intracytoplasmic
sperm injection (ICSI) remains low. It has been
estimated that up to 85% of the embryos replaced into
the uterine cavity fail to implant [1]. The main
variables that affect nidation are related to uterine
receptivity, embryo quality and the efficiency of
embryo transfer.
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Embryo transfer is maybe the most important,
final, critical step in assisted reproductive technology,
with rigid catheters, contamination with blood, mucus
or bacteria, increased contraction waves of the
myometrium, and the level of difficulty in introducing
the catheter inside the uterine cavity tending to reduce
embryo implantation rates [2-10].

Embryo transfer may be performed in one of
two ways: blindly by clinical touch, or with
ultrasonographic guidance. The failure of most
embryos to implant after transfer prompted interest in
US-guided embryo transfer in an attempt to improve
pregnancy rate (PR). The use of US for embryo
transfer was first described by Strickler et al. in 1985
[11], who found US guidance easier and associated
with less catheter distortion than embryo transfer
without US guidance. Since then, several
investigators have described an overall trend toward
higher PRs with US [12-19].

Most IVF teams consider not touching the
endometrium and the uterine fundus with replacement
of the embryos in the lumen of the endometrial cavity
the most important factors for successful embryo
transfer [20, 21]. It has been traditionally accepted
that the embryo should be placed 5 - 10 mm from the
endometrial cavity fundus [22]. In addition, some
authors have suggested that placing embryos rather
lower in the uterine cavity may improve pregnancy
rate [18, 23-28].

The aim of the present study was to
determine the importance of the depth of embryo
replacement into the uterine cavity (upper or lower
half endometrial cavity) on the implantation and
clinical pregnancy carried out under transabdominal
ultrasound guidance.

Materials end Methods

Between April 2012 and September 2013, a
total 160 patients at the IVF unit in Clinical Hospital
Acibadem Sistina were found to be eligible for this
prospective study. All couples previously had been
evaluated by day 3 hormone levels, preovulatory US
evaluation, hysterosalpingography, semen analysis,
and hysteroscopy and laparoscopy, if indicated. The
age range of the women was 22-42 years. The pre-
dominant diagnoses were male factor, tubal factor or
unexplained infertility. The inclusion criteria were that
the participant had a normal basal FSH level per our
laboratory (</= 14 mlU/mL), presence of both ovaries
(ability to visualize both ovaries on transvaginal
ultrasonography)  and absence of ovarian
abnormalities or ovarian cysts > 10 mm. All patients
were included in this study only once to avoid
selection bias. Exclusion criteria were history of
ovarian or uterine surgery, distortions of the uterine
cavity or apparent endometrial pathologies
(submucous myoma, synechia, polyps, etc.). Women

who had three or more failed attempts at IVF and
embryo transfer or who received frozen—-thawed
embryos were not included.

Women undergoing ovulation induction were routinely
down-regulated with triptorelin acetate (Decapeptyl,
0.1 mg; ER-KIM, llac San.; 0.1 mg/d) or busereline
acetate SC (Suprefact 7 ml; Aventis Pharma
Deutchland GmbH; 0.5 mg/d) starting from the 21st day
of the preceding cycle in long down-regulation
protocol and from the 2nd day of the cycle in the short
down-regulation  protocol. The analogue was
continued until the day of HCG. After the down-
regulation, ovulation induction was performed by daily
injections of 150-300 IU of Highly Purified human
FSH (Fostimon, IBSA) or 150-300 IU of follitropin alfa
(Gonal F, Serono)

The ovulation was triggered by 10,000 IU of
hCG (Choriomon 5000 IU Amp, IBSA; or Pregnyl,
5,000 IU amp, Organon llac San.), when there were at
least two leading follicles with a diameter of >18 mm.
After 34-36 hours, egg collection was performed by
transvaginal ultrasound. In vitro fertilization or intra-
cytoplasmic sperm injection and embryo transfer was
performed for all the patients. Luteal phase support
was performed by progesterone (Utrogestan, 100 mg
cap., two vaginal capsules three times per day; Besins-
I'scovesco Lab., Paris, France or 8% Crinone gel one
dose per day).

To identify patients with potentially difficult ET
in order to measure the uterine cavity depth and
direction of the cervix and the uterus, on the day of
first ultrasound axme for the control of ovarian
stimulation, the distance between the fundus of the
uterine cavity (end of the endometrial image) and the
internal ostium of the cervical canal was measured by
transvaginal ultrasound.

Two to three days after oocyte recovery,
usually two, but occasionally three embryos per
patient were replaced depending upon the age of the
patient, the indication for IVF, the number of previous
IVF attempts, and the number and quality of embryos
available for replacement.

The highest quality embryos were selected for
transfer, with quality being assessed based on cell
number and number of cytoplasmic fragments.
Embryos were classified as follows: grade 1: perfectly
symmetrical with no fragmentation; grade 2: perfectly
symmetrical with slight fragmentation (<20%
fragmentation of the total embryonic volume); grade 3:
uneven blastomeres with gross fragmentation ( > 20%
fragments) [29, 30]. Embryos of Veeck grades 1 or 2
were considered high quality. All transfers were
performed in the same IVF operating room suite with
the patient in the lithotomic position, with a
comfortably full bladder and the cervix was exposed
using a bivalve speculum. The exocervix was cleaned
and endocervical mucus was removed with a sterile
catheter connected to a syringe containing culture
medium.
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The catheter (Soft-trans embryo transfer
catheter set, Sydney COOK, Australia) was first filled
with transfer medium (Sydney COOK, Australia).
Next, the transfer medium containing the embryos
was loaded into the catheter between air bubbles, and
finally more transfer medium was added (maximum
total volume: 30 pl)

Prior to embryo transfer, the endometrial
thickness, the distance from the external cervical os to
the fundal endometrial surface, and the point that the
tip of the catheter should reach for embryo
replacement were measured by means of
transabdominal and transvesical (with full bladder)
ultrasonograhy with an Toshiba, Diagnostic ultrasound
system, Nemio SSA-550 A; Shimoishiogami; japan)
with real time transabdominal convex transducer 3.75
MHz. In order to facilitate this measurement, the
speculum was withdrawn, if necessary, so that the
external cervical os could be seen.

Under direct transabdominal ultrasound
guidance, the transfer catheter was then advanced
through the endocervical canal into the lower uterine
segment. Immediate identification of the catheter tip
was essential to minimize motion of the catheter and
avoid any impact on the endometrium. The transfer
catheter then was advanced to a defined distance
from the uterine fundus, up to the point estimated for
transfer: 10 £ 2.5 mm and 15 = 2.5 mm respectively in
A and B group. This measurement was verified by
using the calipers prior to injection of the embryos.
The distance between the end of the fundal
endometrial surface and the catheter tip was then
again measured by ultrasound and considered for
analysis of the results. In all transfers, the medium
containing the embryos was gently expelled into the
uterine cavity under ultrasound monitoring, with the
volume being sufficient to permit the ultrasonographic
visualization of the transfer inside the uterine cavity,
which was also facilitated by the presence of air
bubbles (‘transfer bubbles’) between the embryos.
After transfer, the catheter was held in place for 30 to
45 seconds to permit the embryos to settle away from
the catheter tip. The transfer and guide catheters were
then slowly withdrawn as a unit and inspected for any
retained embryos and to detect bleeding. Transfer
was performed by the same provider (M.L) in all
patients included in the present study. The same
transfer technique was maintained with all patients.

Clinical pregnancy was defined as the
presence of gestational sac by ultrasound with
appropriately rising B-hCG levels. Miscarriage was
defined as pregnancy loss before 12 weeks of
gestation.

Statistical analysis

The collected data were input into a computer
database, pre- defined according to a specially
prepared form and software for the needs of the
study. The data processing as well as their analysis

was done with the statistical software “Statistica for
Windows/Release 7.1".

We used the x’-test to compare qualitative
variables, and Student's t-test to compare quantitative
variables. Data are reported as means (£ SD). The
significance level was set at P < 0.05.

Results

Of the patients studied, 88 (55%) were less
than 35 years old, with only 20 (12.5%) more than age
40 years. In only 5.9% transfers was blood noted on
the catheter tip; and 85.7% of transfers were rated as
easy. The remaining transfers were moderately
difficult. The patients were divided into two groups
according to the distance between the tip of the
catheter and the uterine fundus at the time of embryo
deposition in the cavity: group A : 10 £ 2.5 mm; group
B: 15 £ 2.5 mm (Figure 1 and Figure 2).
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Figure 1: (Group B) Transfer distance from fundus 15 + 2.5 mm.

Both groups proved to be comparable
regarding the main demographic characteristics, as
well as the main cycles parameters (without
statistically significant differences) (Table 1).

Table 1: Comparison between main demographic and baseline
characteristics of patients in different depth of embryo transfer
replacement (transfer distance from fundus > group A: 10 £ 2.5
mm; group B: 15* 2.5 mm).

. Group B 15 +

Main demographic and baseline Elell ANfgf 28 2.5 mm T

characteristics of patients i (=25 (N=76) test
Age ( year) £ SD 33.7+52 349+6.8 NS
Duration of infertility (year) 52+3.6 6.3+5.4 NS
No of cycles performed 24+17 21+1.2 NS
Primary infertility 65 (77 %) 61 (80.2 %) NS
Male factor 34 (40.47%) 35 (46%) NS
Tubal factor 20 (23.8%) 15(19.7%) NS
Unexplained 30 (35.7%) 26 (34.2%) NS
Baseline FSH level ( 1U/L) 6.9+3.9 7.3+33 NS
Baseline LH level (mIU/L) 5.8+4.84 6.1+3.7 NS
Baseline Oestradiol level (pg/ml) 29.5+11.73 28.77 + 10.67 NS

The mean number of embryos transferred per
cycle was 2.1. A mean E2 levels on HCG day was
2044 pg/ml. Overall clinical pregnancy were 41.2%.
There were not significantly differences between the
two groups in term of embryo transfer characteristics
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(full bladder, ease of transfer, use of tenaculum,

bleeding etc.) (Table 2).

[2D] G45 ; 87dB
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|
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Figure 2: (Group A) Transfer distance from fundus 10 + 2.5 mm.

Our results show that there was not
significantly differences between two groups in term of
gonadotropin ampoules administered (34.3 £ 14.7 in
group A vs. 32.2 £ 12.8 in group B); Estradiol levels
on the day of HCG day (2107 + 985 in group A vs
1980 + 1105 in group B), mean of oocytes retrieval
and embryo transferred (ET) (9.2 £ 6.2 vs 8.9 £ 5.8;
2.2 £ 08 vs 1.9 £ 1.2 respectively in group A and B),
and grade of transferred embryos. Analysis of our
results demonstrated that pregnancy rate is
significantly influenced by transfer distance from the
fundus where the pregnancy rate decreases from
48.7% in group B to 34.5% in group A (p<0.05).
There was not significantly difference in abortion rate
between the two groups.

Table 2: Comparison between patient’s ovarian stimulation
characteristics, oocyte retrieval, embryo transfer
characteristics and pregnancy/miscarriage rates in different
depth of embryo transfer replacement (transfer distance from
fundus >group A: 10 2.5 mm; group B: 15 * 2.5 mm).

Group A: Group B 15
Ovarian stimulation characteristics 10+ 25 2.5mm T test
and oocyte retrieval mm (N=84) (N=76)
Estrogen level on HCG day (pg/ml) 2107 + 985 1980 + 1105 NS
No of Gonadotropin ampules 34.3+14.7 322+12.8 NS
No of retrieved oocytes 9.2+6.2 8.9+58 NS

Embryo transfer characteristics and pregnancy/miscarriage rates

No of transferred embryos 22+08 19+1.2 NS
Endometrial thickness on ET day 11.7+3.6 10429

Easy of transfer % 72 (85.7%) 66 (86.8%)

Use of tenaculum 5 (5.9%) 3 (3.9%)

Bleeding 5 (5.9%) 4 (5.2%)

Repeated transfer 2 (2.38%) 1(1.31%)

Pregnancy rate 29 (34.5%) 37(48.7%) p<0.05

Discussion

The goal of embryo transfer is to successfully
deliver the embryos atraumatically to the desired
location in the uterine cavity to maximize implantation.
It seems reasonable that visualization of the drop-off
site, such as with US, to ensure favorable embryo
transfer position would be desirable.

The ‘clinical touch’ method was first described
by Steptoe and Edwards and is a well-known
technique for embryo transfer [31]. This technique
consists of the insertion of a catheter into the cavity
until touching the fundal endometrium, followed by a
5-10 mm retreat and subsequent deposition of the
embryos.

Waterstone et al., 1991 suggested that the
site of deposition of the embryos within the uterine
cavity could have profound effects on success rates
[28]. Later this finding was also substantiated by
Naaktgeboren, 1998 [32]. By applying a technique in
which the embryos are expelled at a fixed distance
from the external os, a remarkable decrease was
observed in the variability in success rates among
physicians: most physicians approximated the
success rates of the best-performing physician [24,
32]. When using the fixed distance technique,
embryos are being transferred at 6 cm from the
external os irrespective of the individual length of the
uterus. This means that assessing the sounding
length of the uterus before applying the fixed distance
method and using a distance ~1.5-2 cm away from
the fundus may optimize the performance of the fixed
distance transfer procedure.

Ultrasound-guided embryo transfer (UGET)
during an IVF cycle was initially reported during the
mid-1980s [11, 33] and has gradually become an
integral part of the embryo transfer technique for
many IVF clinics. Some studies have demonstrated a
benefit in favour of UGET when compared to embryo
transfer without ultrasound guidance [19, 34-38]
although others have not [14, 15, 39]. Careful
examination of the data from four properly randomized
clinical trials [19, 34, 36, 39] showed a significant
advantage to UGET with regard to implantation,
clinical pregnancy, and ongoing pregnancy rates [7,
38].

Among the various aspects of embryo
transfer, the site of embryo placement in the uterine
cavity has been postulated to influence embryo
implantation rates. Whereas some investigators
believe that higher levels in the endometrial cavity
closer to the uterine fundus lead to higher rates [40,
41], others have suggested that improved embryo
transfer results are obtained when the embryos are
placed at lower levels in the uterine cavity [12, 24, 28,
32, 34, 42-45]. Waterstone et al., 1991 reported the
results of embryo transfer performed by two clinicians
who followed different techniques [28]. The former
one introduced the catheter until he felt the fundus
and then pulled it back 5mm before injecting the
embryos, and achieved a final pregnancy rate of 24%.
The other clinician introduced the catheter until a
depth of 5cm from the external orifice of the cervix
and deposited the embryos without touching the
fundus, and obtained a pregnancy rate of 46%. When
the first clinician modified his technique according to
that of the second, improvement in pregnancy rates
was observed. Coroleu et al., 2002 demonstrated in a
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prospective randomized trial of women undergoing
UGET that the pregnancy rate was significantly higher
when the embryos were transferred at 1.5-2.0 cm
instead of at 1.0 cm from the uterine fundus [34].
Frankfurter et al., 2003 retrospectively analyzed 23
patients who underwent two cycles of ultrasound-
guided embryo transfer each, considering for each
patient a transfer that resulted in pregnancy and one
that did not [42]. The results showed better pregnancy
rates when the site of embryo placement relative to
the length of the endometrial cavity was more distant
from the uterine fundus. No significant difference was
observed when comparing the absolute distance.

In our study there were no differences in age,
number of days of ovarian stimulation, total number of
oocyte retrieved, and number of good quality embryos
between these groups of patients. There was
statistically significant difference in pregnancy rate
(group A = 34.5% vs group B = 48.7%) respectively,
with P<0.05.

One study retrospectively demonstrated that
for every additional millimeter embryos were
deposited away from the fundus, as noted by
abdominal ultrasound, the odds of clinical pregnancy
increased by 11% [46]. However, not all studies show
an association between embryo transfer location and
outcome [27]. In addition, others demonstrate that the
best site for embryo transfer is the centre of the
uterine cavity, and that the relative site of embryo
deposition is more important than the actual distance
from the fundus [47, 48]. Finally, some authors
postulate that the question regarding the site of
embryo transfer is of no importance since it does not
influence implantation as long as embryos are placed
in the upper half of the cavity [25, 27].

Two dimensional sonography has still only
provided guidance as to the general area at which the
embryo should be released for implantation. 3D
sonography can improve visualization of the uterus in
patients with normal anatomy and especially in those
with congenital uterine anomalies. Thus, the present
invention provides a maximal implantation potential
(MIP) point as a target for embryo transfers. Embryo
transfers at the MIP were associated with good
implantation and pregnancy rates [49].

It is not fully understood why the pregnancy
rate is higher with the transfer of embryos lower in the
uterine cavity. One theory suggests that catheter
contact with the uterine fundus may be avoided when
embryos are transferred to the lower part of the
uterine cavity. Strong fundo-uterine contractions can
result from fundal contact [3, 50], which may have a
negative impact on pregnancy rates [43, 44]. It is
inevitable that insertion of the catheter- after all a
foreign body- may interfere with normal uterine
peristalsis. Embryos often relocate from the uterine
cavity after IVF/ET. They have been found in the
vagina [51, 52] and there is a high ectopic pregnancy
rate, ranging from 2.1% [53] to 9.4% [54] after

assisted conception treatment. It is worth
remembering that the very first pregnancy conceived
after IVF/ET was an ectopic gestation in the fallopian
tube [31]. The evidence that this relocation is the
consequence of junctional zone contractions is
considerable. Experimental studies of mock ET in
humans have demonstrated the expulsion of
methylene blue in 57% of transfers [55] and the
movement of X-ray contrast medium towards the
fallopian tubes and cervix/vagina in 38% and 21%,
respectively [56]. In observations of junctional zone
contractions after easy and difficult mock ETs, Lesny
et al., 1998 use of different catheters [3], application of
a tenaculum to the cervix [43] or stimulation of
contractions after transmyometrial ET [44, 57], all
report increased contractions following increasing
trauma at the time of ET. Using mock ET in oocyte
donor patients as a model, it was shown that even
minimal stimulation such as touching the uterine
fundus with the soft end of the ET catheter is capable
of generating evident contractions, which can relocate
mock embryos (a bolus of the echogenic substance
Echovist) from the upper part of the uterine cavity
towards the cervix or into the fallopian tubes.

In addition to traumatic manipulation of the
cervix and touching the fundus, the mere presence of
the transfer catheter might be one of the factors that
can trigger uterine contractions [43, 44].

In summary, compared with the traditional
method, abdominal ultrasound-guided embryo transfer
has a number of potential benefits. First, with the
guidance of ultrasound, the catheter can be bent to
easily pass through the cervical canal and follow the
uterine axis, which helps avoid overstimulation and
reduction in incidence of difficult transfers,
endometrial trauma, and bleeding that can cause
excessive fundo-uterine contractions at the time of
embryo transfer has been associated with lower
clinical pregnancy rates [2, 10]. Second, the entire
process of catheterization and release of the embryos
can be visualized, making it easier to place the
embryos in the correct position within the uterus and
decrease the chance of improper embryo placement.
In addition, the full bladder required for
transabdominal ultrasound itself is useful for the
correction of uterine access through the cervical route
in cases of pronounced anteversion—anteflexion. In
particular, the main disadvantages of using ultrasound
guidance during embryo transfer may be the
additional time and personnel required, as well as
patient discomfort due to a full bladder and the urge to
urinate [7].

Our data seems to show a significant increase
in pregnancy rate and implantation rate in B group,
where there was a distance 15 + 2.5 mm between the
tip of the catheter and uterine fundus. What we want
to show in our study is that, although baseline patient
clinical characteristics, treatment cycles characte-
ristics, ovarian response and any variable of embryo
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transfer (type of catheter, difficulty of transfer,
bleeding, use of tenaculum) were all similar in the two
groups studied, we found a statistically significant
difference in PR and IR between the two groups. We
avoided any impact of the physician factor on
implantation rate because all transfer was carried out
by the same provider. In addition we didn’t find a
statistically significant difference in abortion rate
between the two groups studied.

In conclusion, our results suggest that depth
of embryo replacement inside the uterine cavity may
influence the pregnancy rates and should be
considered as an important factor to improve the
success of IVF cycles.

Using ultrasound controlled embryo transfer;
various studies have suggested that replacement
further away from the fundus will improve implantation
rates. As no clear answer exists to the question in
what part of the cavity (maximal implantation potential
point) the embryos need to be expelled from the
catheter to obtain the best pregnancy rates, further
study is needed at this point. Because of individual
anatomic differences the maximal implantation
potential point should be readily identified and
individualized for each patient. Though still larger
studies are needed to established more precise
maximal implantation potential point and achieve
better pregnancy rates with ART procedures.
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