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Abstract

Purpose Aim of the study was to examine the accuracy of embryo transfer based on the previous measurement of cervical
length and total uterine length.

Methods The study has taken place in an academic-assisted reproduction clinic. 248 patients with infertility requiring IVF/
ICSI treatment have been included. All patients underwent IVF/ICSI cycles with antagonist protocol and were treated with
controlled ovarian stimulation using recombinant FSH (100-400 IU/day). On the day of oocyte retrieval, all patients were
given vaginally natural micronized progesterone in a dose of 200 mg/tds. All patients had transvaginal ultrasound meas-
urement of cervical length and endometrial cavity length prior to embryo transfer and measurement of embryo distance
(intrauterine air bubbles) from fundal surface of uterine cavity and internal cervical os immediately after embryo transfer.
Embryo transfer was performed on days 2-3. Primary outcome was to estimate the accuracy of embryo transfer based on
the measurement of the embryo distance from middle of uterine cavity after embryo transfer and secondary outcome was to
assess the effect of embryo distance from uterine fundus and internal cervical os to clinical pregnancy rate.

Results The clinical pregnancy rate was 42.7%. The mean embryo distance from the middle of endometrial cavity was
0.48 +£0.02 cm, the mean embryo distance from the uterine fundus was 0.88 +0.32 cm, and from the internal cervical os was
1.67 +0.45 cm. Multiple regression analysis showed that the embryo distance from middle of cavity was related to endo-
metrial cavity length and to the embryo distance from the fundus and it was not related to Cx length, total uterine length,
embryo distance from internal Cx os, and embryo transfer length.

Conclusions Embryo transfer with the previous measurement of total uterine length and estimation of embryo transfer length
can be performed with very good accuracy by a single operator.
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Introduction

The development of assisted reproduction techniques (ART)
and especially in vitro fertilization (IVF) and intracytoplas-
mic sperm injection (ICSI) are great scientific advancements
in the management of infertile couples. Over the years sig-
nificant improvements in every aspect of the IVF-ET pro-
cess have been made that have led to significantly increased
efficiency and success [1]. Their outcome of IVF/ICSI
techniques is multifactorial including the woman’s age,
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the patient’s medical history, ovarian reserve, the quality
of gametes and embryos, the endometrial receptivity, and
embryo transfer technique [2-5]. The embryo transfer is
an important and integral part of the IVF/ICSI treatments,
and evidence supports that different methods or physicians
performing the embryo transfer can affect the outcome [6,
7]. The introduction of transabdominal ultrasound-guided
(TAUG-ET) embryo transfer appears to improve the chance
of live birth/ongoing and clinical pregnancies compared
with clinical touch, without increasing the chance of multi-
ple pregnancy, ectopic pregnancy, or miscarriage [8, 9]. The
use of transvaginal ultrasound guidance (TVUG) for embryo
transfer yielded similar success rates compared with the TA
ultrasound-guided procedure without requiring the assis-
tance of a sonographer [10]. Furthermore, TVUG-ET for
embryo transfer is superior to TAUG transfer in visualization
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of ET location and in lessening the pain and discomfort of
the patients [11]. Although there is no consensus on the
site of embryo transfer [12], several parameters including
catheter type, injection speed, catheter withdrawal, embryo
transfer depth, location of the catheter tip and location of
air bubble, contamination with mucus or blood [13], uter-
ine contractions, and level of difficulty in passing through
the cervix [14, 15] may determine the outcome of IVF/ICSI
cycle [16, 17].

Objective of the present study was to estimate the accu-
racy of embryo transfer based on the measurement of the
embryo distance from middle of uterine cavity after embryo
transfer and embryo distance from uterine fundus and inter-
nal cervical os.

Materials and methods

The present study has taken place in the Assisted Reproduc-
tion Unit of the 2nd Department of Obstetrics and Gynecol-
ogy at Aretaieio Hospital, Athens between November 2013
and January 2017. 248 patients have participated in this
study. The inclusion criteria were: (1) normal prolactin and
TSH levels, (2) FSH levels < 12 IU/L on the days 2—4 of the
menstrual cycle, (3) a normal recent hysterosalpingogram or
a normal hysteroscopy (<2 years old), (4) normal menstrual
cycle, (5) age <42 years, and (6) no history of cervical cone
biopsy. Exclusion criteria were: (1) FSH > 12 IU/L or estra-
diol > 80 pg/ml on days 2—4 of a normal menstrual cycle
and (2) anti-mullerian hormone levels < 0.3 ngr/ml, and (3)
patients with difficult embryo transfer catheter. A transvagi-
nal ultrasound was performed in all patients on days —7 to
+2 of menstrual cycle (day 0, the day of onset of menses)
to exclude the presence of an ovarian cyst. TSH was used to
exclude the possible thyroid dysfunction. Approval by the
Hospital’s ethics committee was obtained and all patients
gave their informed consent. All patients enrolled in the
study were consecutive patients meeting the aforementioned
inclusion and exclusion criteria.

Primary objective was to estimate the accuracy of embryo
transfer based on the measurement of the embryo distance
from middle of uterine cavity after embryo transfer and sec-
ondary outcome was to assess the embryo distance from
uterine fundus and internal cervical os.

Controlled ovarian stimulation (COS)

All patients were treated with recombinant FSH (Puregon,
MSD, Athens, Greece, or Gonal-F, Merck, Athens, Greece).
COS was started on day two of the menstrual cycle with
75-400 IU per day. The starting dose was based on AMH
levels, FSH levels on days 2—4 of the menstrual cycle,
antral follicle count, patient’s age and BMI. All patients
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were treated using an antagonist protocol. Down-regulation
was achieved with the use of Ganirelix (Orgalutran, MSD,
Athens, Greece). Ganirelix was started when the leading
follicle had reached a size of 14 mm or on the fifth day of
the stimulation cycle and it was given as a daily dose of
0.25 mg/0.5 ml. When at least two follicles had reached a
size of 18 mm, ovulation triggering was performed with the
use of either 250 mcg/0.5 ml of recombinant chorionic gon-
adotropin alpha that was given subcutaneously (Ovitrelle,
Merck Serono Europe Limited, London, UK) or human cho-
rionic gonadotropin (hCG) at a dose of 10.000 IU subcutane-
ously (MSD, Athens, Greece). Monitoring of the ART/COS
cycle was performed with serial transvaginal ultrasound and
measurement of E2, progesterone, and LH on day six or day
seven of the cycle and it was repeated as required until ovu-
lation triggering. Oocyte retrieval was performed 34-36 h
later. Embryo transfer was performed 2—3 days after oocyte
retrieval.

All patients were told to use intravaginally natural micro-
nized progesterone at a dose of 200 mg three times daily
(Utrogestan capsules, Faran, Athens, Greece) for the sup-
port of the luteal phase. This was continued until a serum
B-hCG measurement was performed 14 days later and if it
was positive it was continued until 9-10 weeks of gestation.

Clinical pregnancy rate was defined as the presence of
heartbeat on transvaginal ultrasound that was performed at
about 7 weeks of gestation (endovaginal probe, Voluson S8,
General Electric).

Ultrasound measurements

Uterine cavity length (UCL) was measured using a trans-
vaginal probe and placing the cursors at the fundal part and
at the level of internal cervical os (Fig. 1). Cervical length
was measured using the “trace mode’’ and the cursors were
placed at the internal cervical os and at the external cervi-
cal os. The embryo distance from fundal surface of uterine
cavity and internal cervical os was measured using trans-
vaginal ultrasound immediately after embryo transfer and
as the position of the embryos within the uterine cavity was
considered as the hyperechogenic area seen within uterine
cavity after embryo transfer “position of air bubbles”. In the
rare case of two air bubbles, it was estimated from the dis-
tance from the middle of the two air bubbles. All ultrasound
measurements were performed just before embryo transfer
(ET) and immediately after embryo transfer.

The total length of placement and advancement of the
inner catheter into the uterine cavity (ETL) was estimated
according to the previous measurement of cervical length
and uterine cavity length and it was aiming to reach the tip
of the inner catheter to the middle of uterine cavity. The ETL
was calculated as follows: A =uterine cavity length/2 + cer-
vical canal length (Fig. 1).
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Fig. 1 Explanation of terms and process. Embryo transfer length =UCL/2 +cervical canal length (as measured by ultrasound) EDF embryo dis-
tance from fundus, EDCxOs embryo distance from internal cervical os, Cx cervical os, E embryos

Table 1 Patients characteristics (mean + standard deviation)

Age 357+22
Mean body weight (kg) 66.4+9.4
Mean height (cm) 163+3.6
Number of oocytes retrieved 10.1+2.3
Number of metaphase II oocytes 8.5+0.8
Fertilization rate 79%
Number of embryos G1, G2 on day 3 53+1.1
Number of embryos transferred 1.74+0.43
Clinical pregnancy 35.7%
Ongoing pregnancy rate 31.1%
Multiple pregnancy 9

Ectopic pregnancy 2

G1, G2 grade 1 and grade 2 embryo quality based on the morphologi-
cal characteristics

As total uterine length was considered as the sum of
cervical length and endometrial length in cm, as it was
estimated by ultrasound (us), while mid-cavity depth
was endometrial cavity/2 + cervical (Cx) length (Table 1)

(Fig. 1).
Statistical analysis

A power calculation analysis was performed using the Med-
Calc software version 17.9.2 to estimate the required sample
size. It was estimated that with a null hypothesis of 0 mm
distance of the air bubbles from the middle of the cavity, for
a mean decline in distance after ET of 3 mm from middle
of cavity and a standard deviation of 14 mm, with a type I
error 0.05 (significance) were required 231 patients to have
a type II error 0.20 (power).

D’Agostino-Pearson test was used to assess if variables
were following normal distribution or not. Because not all
the examined parameters follow normal distribution, com-
parison of parameters was performed with the use of either
Wilcoxon or Student’s 7 test.

Multiple regression analysis was used to analyze the rela-
tionship between the examined variables and the ET accu-
racy. Also, rank correlation which calculates Spearman’s rho
and/or Kendall’s tau rank correlation coefficients was used
to assess the degree of association between the variables. A
p value <0.05 was considered statistically significant.

Results

The mean age of patients was 35.7+2.2 (range 28—-44), the
mean weight was 66.4+9.4 (range 39-110), and the mean
height was 163 +3.6 cm (range 1.55-1.76).Patient charac-
teristics are presented in Table 1. There was no correlation
between patient’s weight and height with the cervical length,
while there was an association between patient’s age and cervi-
cal length (correlation coefficient » —0.13 and p 0.037). The
endometrial cavity length was not associated with patient’s
height, weight, and age (multiple regression analysis, p > 0.05).
The mean total length of the uterus (UTL) was 6.6 +0.45 cm,
while the mid-cavity depth was 5.29 +0.42 cm. The mean val-
ues of uterine parameters examined are presented in Table 2.
The mean embryo distance from the middle of endometrial
cavity was 0.48 +£0.02 cm, the mean embryo distance from
the uterine fundus was 0.88 +0.32 cm, and from the internal
cervical os was 1.67 +0.45 cm. The mean values of embryo
transfer parameters are presented in Table 3.
The clinical pregnancy rate was 42.7%.
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Table2 Means+SD of measured parameters of uterine characteris-
tics before and after ET

Mid-cavity Endome- Cervical Uterus Uterus total
depth (cm) trial cavity  length by total length  length by
length (cm) US (cm) by US mock meas-

(UTLUS) urement (cm)
(cm)

529+042 26+049 39+038 6.6+045 7.0+054

(3.95-6.60) (1.3-4.0) (3.2-5.4) (4.7-8.3) (5-8.2)

Mid-cavity depth=endometrial cavity length/2+cervical (Cx)

length. Endometrail cavity length: as measured by us from fundus to
internal cervical (Cx) os

Uterus total length by US (UTLUS)=endometrial cavity length +Cx
length (by US)

Range in brackets

Table3 The mean values+SD of measured parameters of embryo
position within the uterine cavity after ET

Internal catheter
length (ETL)

Embryo
distance from

Embryo
distance from

Embryo
distance from

middle of cav-  fundus (cm) internal cervi-  (cm)

ity (cm) cal os (cm)

0.48+0.02 0.88+0.32 1.67+0.45 6.04+0.34
(= 0.55t01.69) (0.1-2.15) (0.6-3.0) (5.0-7.0)

Multiple regression analysis showed that the embryo dis-
tance from middle of the cavity was related to endometrial
cavity length and to the embryo distance from the fundus and
it was not related to Cx length, total uterine length, embryo
distance from internal Cx os, and embryo transfer length
(Table 4).

On the other hand, embryo distance from the fundus was
related to endometrial cavity length, embryo distance from
middle of the cavity and embryo distance from internal Cx os
and independent of Cx length, total uterine length, and mid-
cavity depth.

Logistic regression analysis was used to analyze binary
data. No relation was found between the endometrial cavity
length, embryo distance from the uterine fundus, embryo
distance from the middle of the uterine cavity, and patient’s
weight with the clinical pregnancy rate. On the contrary, endo-
metrial thickness (p 0.007) was found to be related to the clini-
cal pregnancy rate (Table 5).

Comment

Embryo transfer is a crucial part of IVF/ICSI treatment
and many factors can affect its effectiveness and techni-
cal completeness. Embryo transfer under transabdominal
ultrasound guidance (TUSG-ET) has been considered as
a significant step towards improvement of the process by
increasing clinical pregnancy and live birth rate compared
to clinical touch [8, 9]. But, TUSG-ET has requirements
such as an adequately filled urinary bladder or an antiverted
uterus to provide good picture, which is not the case in all
patients. Furthermore, a recent meta-analysis has suggested
that both US-guided transfer and clinical touch should be
considered acceptable, as the benefit of US is not large and
should be balanced against the increased cost and the need
to change catheter type [18]. Recently, the introduction of
TVUG-ET appears to have similar results with TUSG-ET
without the necessity for an ultrasonographer [10] and is
superior to TAUG-ET in visualization of ET location and in
lessening the pain and discomfort of the patients [11]. In the

Table 4 Correlation coefficients
and statistical significance

between embryo distance
from middle of cavity and
independent variables

Table 5 Correlation coefficients
and statistical significance

between clinical pregnancy rate
and independent variables

Independent variables Coefficient Std. error Rpartial T P
Constant 0.2379

Cervical_length 0.05089 0.04714 0.06965 1.079 0.2815
Cavity_length 0.4092 0.05633 0.4252 7.263 <0.0001
Embryo_distance from_Cx_os —0.03687 0.05391 —0.04419 —0.684 0.4947
Embryo_distance_from_fundus —-0.7621 0.06182 —0.6235 —12.328 <0.0001
Mid_cavity_depth —0.06121 0.04607 —0.08561 —1.328 0.1853
Independent variables Coefficient Std. error Rpartial T P
Constant —0.05512

Cavity_length 0.1612 0.1298 0.08057 1.242 0.2155
Cervical_length —0.1181 0.08085 —0.09463 —1.460 0.1456
Distance_form_middle_of_cavity —-0.2160 0.1469 —0.09526 —-1.470 0.1428
Embryo_distance_from_Cx_os —0.05746 0.1200 —-0.03116 —-0.479 0.6324
Embryo_distance_from_fundus —0.08313 0.1754 —0.03084 —-0.474 0.6359
Endometrium 0.06874 0.02594 0.1700 2.650 0.0086
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past, several studies have tried to perform embryo transfer
by measuring total uterine length and the position of the
tip of the inner catheter [12, 19, 20] in an attempt to obvi-
ate the need for ultrasound guidance during embryo transfer
[20]. Objective of the present study was to investigate if it
is possible to perform embryo transfer based on pre-transfer
measurement with transvaginal ultrasound of the total uter-
ine length, the endometrial cavity length, the cervical length,
and the embryo transfer length based on the equation that
has been described in “Materials and methods”. Aim was
deposition of the embryos in the middle of the uterine cav-
ity (mid-cavity).

It has been found that the mean embryo distance from
the middle of uterine cavity was 0.48 +0.02 cm (range
—0.55 to 1.69 cm). In 29.2% of cases (76/260) the embryo
distance from mid-cavity was less than 3 mm. The decline
from exact mid-cavity transfer implies that it is not possible
to accurately estimate the exact total length of the uterus
using ultrasound measurement but, embryo transfer can be
performed with very good approximation of the middle of
uterine cavity estimating uterine dimensions.

The mean embryo distance from the fundal endometrial
surface (EDF) was 0.88 +0.32 mm (range 0.1-2.15 cm).
There was only one case with 1 mm EDF and two cases
with 3 mm EDF. The rest of the cases had a EDF >4 mm.
These findings provide a suitable deposition site for the
embryos since it is considered that the deposition of the
embryos within or very close to fundal endometrial surface
significantly reduces the chances of implantation [19]. Also,
remains unclear up to now which is the best distance of the
embryo deposition from the uterine fundus.

A significant point of distinction of the present study from
the previous studies [20-22] is that it does not use clinical
touch before embryo deposition or the use of transabdomi-
nal ultrasound guidance for embryo transfer [19]. Although,
it has been suggested that the uterine length measurement
followed by clinical touch provides the same IVF outcomes
as transabdominal ultrasound-guided embryo transfer [21]
and that the previous uterine length measurement followed
by clinical touch showed slightly higher implantation and
pregnancy rates, it seems that it would be better if clinical
touch could be avoided to prevent any potential damage to
the endometrium and blood release to endometrial cavity
that could adversely affect the implantation rate.

Potential advantages of this method could be that it can
be performed by a single operator obviating the need of
an assistant for transabdominal ultrasound-guided embryo
transfer and easiness to be taught to trainees since use of
transvaginal ultrasound and assessment of the uterus are
integral part of everyday clinical practice. Also, it avoids
the expertise and dexterity that requires the transvaginal
approach of embryo transfer [23]. In terms of better diag-
nosis and patient treatment, potential advantages could

possibly be considered that it does not require full uri-
nary bladder avoiding patient discomfort and it could be
applied in patients with retroverted uterus or inadequately
filled bladder where there is poor image of transabdominal
ultrasound.

Limitations of the study could be the relatively small
number of patients for conclusions to be made in relation to
the effect of embryo distance from the fundal surface to the
outcome of IVF/ICSI.

In conclusion, it appears that embryo transfer with the
previous measurement of total uterine length and estima-
tion of embryo transfer length can be performed with very
good accuracy by a single operator and without the need
for ultrasound guidance or clinical touch maneuver. These
findings have to be confirmed by additional future studies.
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