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Abstract

Purpose : To identify embryo transfer position using two proposed new measurements in three-
dimensional (3D)/four-dimensional (4D) ultrasonography, and examine its relationship to preg-
nancy rate.

Methods : We studied 105 cycles of in vitro fertilization and embryo transfer of good quality
embryo performed between May and December 2016. Endometrial thickness and volume, dis-
tance from the embryo to the fundus (TDF), and as new measures, distance from the embryo to
the center of both internal ostia of the fallopian tubes (transfer distance of the lateral position
[TDL]), and distance from the embryo to the central endometrium area (transfer distance of the
front/back position [TDFB]) were measured. The pregnant and non-pregnant groups were com-
pared.

Results : The pregnancy rate was 23.8%. TDL values in the pregnant and non-pregnant groups
were 26.9 = 16.3 and 18.0 = 16.0%, respectively, showing a significant difference (p=
0.011). There was a significant positive correlation between endometrial thickness and volume.
Conclusions : The TDL was significantly longer in the pregnant group, implying the possibility that
lateral deviation of the embryo transfer position does not affect the pregnancy rate. More accurate
evaluation of embryo transfer site using 3D/4D ultrasound analysis may contribute to further improve-
ment in pregnancy rates.
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the embryo transfer technique has changed since in vitro

Introduction 12)

fertilization began A recent meta-analysis demon-
In in vitro fertilization and embryo transfer IVF-ET),  strated that ultrasound-guided embryo transfer leads to
embryo transfer is a simple but important final step, and higher pregnancy and birth rates, suggesting the efficacy

of the combined use of ultrasound during embryo trans-

. . fer?. In addition to two-dimensional (2D) ultrasound
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and accurately, and that it can be effectively used without
delay®. More accurate and effective sites of embryo
transfer have been studied using 2D/3D ultrasound®®.
There were cases in which the site of embryo transfer,
which was considered optimal in 2D ultrasound, turned
Currently, 3D

ultrasound seems to be more useful than 2D ultrasound

out to not be optimal in 3D ultrasound”.

for identifying the embryo transfer position®.
Many studies have shown no significant differences in
parameters such as the endometrial thickness, volume,

and blood flow between the pregnant and non-pregnant

8-11)

groups However, it has been reported that the low-

er the endometrial volume, the lower the pregnancy

12 and that the flow index for the endometrial blood

13)

rate
flow assessment predicts pregnancy most efficiently

In addition, some studies have examined the pregnan-
cy rate using the transfer distance from the fundal endo-
metrial surface to the embryo as a parameter®* ",
Fang et al. measured the transfer distance from the fun-
dus (TDF)”.

actual transfer distance from the fundal endometrial sur-

The results of these studies vary in the
face to the embryo. Tiras et al. reported a higher preg-
nancy rate with embryo deposition =10 mm (especially
10-20 mm) from the fundus'®.

a significantly lower pregnancy rate with embryo deposi-

Valentina et al. reported

tion =15 mm from the fundus. In 2005, Geregely et
al. identified the maximal implantation potential (MIP)
point as the optimal position of 3D ultrasound-assisted

embryo transfer’®,

In 2010, through further investiga-
tions with an increased number of cases, they found that
use of the MIP point increased the pregnancy rate by
more than 10%.

position, but it was determined based on points along the

The MIP point was used as a transfer

trajectory from the ampullary segment of the fallopian
tube, not on plots created from detailed measurements,

1819 Ag described above,

which would be more accurate
a consensus on the optimal intrauterine embryo transfer
position in the xyz axis has not been reached ; thus, fur-
ther investigation of the usefulness of the method is re-
quired®?”,  Especially, ultrasound imaging of the site of
the embryo in the coronal plane is characteristic to 3D
ultrasound. Although some studies have examined the
methods of assessment of the transfer position in the

coronal plane, a consensus has not been reached'®'%%%,
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In this study, we assessed the embryo transfer position
by calculating the transfer distance from the fundal endo-
metrial surface to the embryo (TDF) in the sagittal
plane. In addition, as new measures, we also calculated
the transfer distance from the center of both internal os-
tia of the fallopian tubes to the embryo in the coronal
plane as the transfer distance of the lateral position
(TDL) and the transfer distance from the central area of
the endometrium to the embryo in the axial plane as the
transfer distance of the front/back position (TDFB) using
3D/four-dimensional (4D) transvaginal ultrasound.
These new measurements are expressed as percentages.

Materials and Methods

Study population

One hundred five cycles of IVF-ET of good quality em-
bryo (good quality embryo : =4 BB) (i.e., 35 cycles of
fresh embryo transfer and 70 cycles of frozen-thawed
embryo transfer) performed in Akita University Hospital
between May 2016 and December 2016 were included in
this study.
ethics committee (register number : 1598), and all pa-

This study was approved by the hospital’s

tients provided informed consent before participation.

Measurement method

Endometrial thickness in the sagittal plane in embryo
transfer was measured using a 3D/4D ultrasound probe.
All examinations were performed using a General Elec-
tric Voluson Expert series ultrasound machine (Voluson
E10) with a 3D/4D RIC6-12 transvaginal probe (GE
Healthcare Japan, Tokyo, Japan). After 3D construction
of the endometrial part using images of the uterus in the
xyz axis (i.e., the sagittal, horizontal, and coronal planes),
endometrial volume measurements were performed in
the Virtual Organ Computer-aided AnaLysis mode. The
site of the embryo was defined as the position of air bub-
bles that were introduced into the uterine cavity along
with the embryo. Then, the following parameters were
measured : (i) the transfer distance from the fundal en-
dometrial surface to the air bubble in the sagittal plane
(TDF) ; (i1) transfer distance from the center of both in-
ternal ostia of the fallopian tubes to the air bubble in the

coronal plane (TDL) ; and (iii) transfer distance from the
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central area of the endometrium to the air bubble in the
axial plane (TDFB) (Figs. 1 and 2).

Fig. 1.
3D/4D ultrasound images.

(a) Coronal plane. (b) Axial plane. (*=embryo)
(a) (b)
(c) 100w % 0% 100%

Example of the embryo transfer position in

Fig. 2. New measurements assessed the transfer dis-
tance of the lateral position (TDL) in the coronal plane
and the transfer distance of the front/back position
(TDFB) in the axial plane using 3D/4D transvaginal
ultrasound. (*=embryo)

(a) Transfer distance from the center of both internal
ostia of the fallopian tubes to the air bubble in the coro-
nal plane (TDL).

(b) Transfer distance from the central area of the endo-
metrium to the air bubble in the axial plane (TDFB).
(c) TDL and TDFB are expressed as percentages.
The center line is set to 0%, both ends are set to
100%, and the interval is divided into 100%.

Measurement items

The measurement items were (1) endometrial thick-
ness, (2) endometrial volume, (3) TDE (4) TDL, and (5)
TDFB. Measurement items (1) to (3) are presented as
actual measurement values, whereas (4) and (5) are ex-
pressed as percentages in order to make an objective
evaluation because there are individual differences in the
On the other hand, for

TDE it is difficult to evaluate the ratio, so we used the
t5,14 17)'

size and shape of women’s uteri.
measured value in a previous repor The distance
from the center of both internal ostia of the fallopian
tubes to the end of the internal ostia of the fallopian tubes
and the distance from the central area of the endometri-
um to the endometrial surface were divided into 100%
(with the center line set to 0% and both ends set to
100%).

Statistical analysis

Each measurement item was compared between the
pregnant and non-pregnant groups. The analysis was
performed using IBM SPSS Statistics version 24.0 (IBM
Corp., Armonk, NY, USA). The Mann-Whitney U test
and Spearman rank correlation coefficients were also
used in the analysis. P-values <0.05 were considered

statistically significant.

Results

Patient characteristics

The patients were divided into the pregnant group
(n=25) and the non-pregnant group (#=80) and then an-
alyzed. There was no significant difference between the
pregnant and non-pregnant groups in the following
parameters : age, type of infertility (primary or second-
ary), infertility duration, cause of infertility (tubal factor,
male factor, endometriosis, polycystic ovary syndrome,
mixed, or unexplained), type of transplantation (fresh
embryo or frozen-thawed embryo) (Table 1).

Statistical results

In 105 cycles, the TDL value was significantly higher
in the pregnant group than in the non-pregnant group.
For the remaining 4 measurement parameters (endome-
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Table 1. Comparison of baseline characteristics between pregnant and non-pregnant group.
Pregnant Non pregnant
(n=25) (n=80) P value
Age (years) 36.4+3.0 37.4+3.7 0.082
Type of infertility (1, %) 0.380
Primary 19 (76) 67 (83.75)
Secondary 6 (24) 13 (16.25)
Infertility duration (years) 4.3%3.1 4.9+34 0.464
Couse of infertility (1, %) 0.544
Tubal 4 (16) 14 (17.5)
Male 5 (20) 17 (21.25)
EM 4(16) 9 (11.25)
PCOS 0 1(1.25)
Mixed 0 9(11.25)
Unexplained 12 (48) 30 (37.5)
Type of ET (1, %) 0.871
Fresh 8(32) 27 (33.75)
Frozen 17 (68) 53 (66.25)

Data are presented as mean+SD or # (%)

Table 2.
nant groups.

Comparison of endometrial 3D ultrasound parameters on the day of ET between pregnant and non-preg-

P(;eigz%r)lt Nor(lnpi%%r)lant P value
Endometrial thickness (mm) 119 + 2.8 10.7 = 2.4 0.061
Endometrial volume (cm?®) 5.1+3.0 4.4+ 22 0.375
TDF (mm) 54+1.8 6.1+33 0.824
TDL (%) 26.9 = 16.3 18.0 = 16.0 0.011
TDFB (%) 11.8 =123 12.8 = 9.8 0.365

TDF : transfer distance from fundus, TDL : transfer distance of lateral position, TDFB : transfer distance of front/

back position.

trial thickness, endometrial volume, TDE, and TDFB), no
significant difference was observed between the pregnant
and non-pregnant groups (Table 2).

In subgroups analysis of infertility cause, none of the
groups found a significant difference between the preg-
nant and non-pregnant groups in the 5 measurement pa-
rameters.

There was a significant positive correlation between

55 46 % 2

endometrial thickness and volume (Fig. 3).

Discussion

Many studies have examined the pregnancy rate using

the transfer distance from the fundal endometrial surface

5,14-17)

to the embryo as a parameter However, a consen-

sus on the optimal site of embryo transfer as a decisive
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Fig. 3. Positive correlation between endometrial
thickness and volume.

parameter using 3D reconstruction of the site of the em-
bryo in the endometrial cavity has not been reached”*".

In addition to endometrial thickness and volume and
TDE this study examined the usefulness of TDL and
TDFB as additional parameters for identifying the opti-
mal embryo transfer position. In the analysis of 105 cy-
cles of good quality embryo transfer, TDL was signifi-
cantly longer in the pregnant group than in the non-
pregnant group, there is a possibility that lateral deviation
of the embryo transfer position does not affect the preg-
nancy rate. However, there was no significant differ-
ence between the pregnant group and the non-pregnant
group in any parameters such as endometrial thickness
and volume, TDE and TDFB.

According to reports showing a higher pregnancy rate

t1%19 or the cen-

with embryo deposition at the MIP poin
tral area of the endometrium and a lower pregnancy rate
with embryo deposition on the cervical side, as reported
by Saravelos et al.”**, the closer the embryo deposition
is to the central area of the endometrium, the higher the
pregnancy rate. However, in this study, there was no
significant difference in the transfer distance from the
fundal endometrial surface to the embryo between the
pregnant and non-pregnant groups. In addition, patients
with higher TDL had a higher pregnancy rate, showing
inconsistency with the results of other studies.

It is difficult to measure lateral deviation of the embryo

transfer position in 2D ultrasonography, this study turned

out that there is also variation in actual measurement in
3D ultrasonography. In addition, our findings has a pos-
sibility that lateral deviation of the embryo transfer posi-
tion does not affect the pregnancy rate. Since success-
ful embryo transfer is possible without considering TDL
in the current IVF-ET, 2D ultrasound-assisted embryo
transfer can be performed based on TDF without affect-
ing the pregnancy rate as long as the site of embryo is
near the midcoronal plane. In addition, it is currently
difficult to adjust the catheter movement in the lateral
position because the catheter could only be adjusted in an
“in-out” motion and not in a “left-right” motion®. Be-
cause there was no ectopic pregnancy in this study, we
could not identify embryo transfer positions which should
be avoided to reduce this risk.

In addition, in subgroup analysis by cause of infertility,
no significant difference was found between the pregnant
and non-pregnant groups, suggesting that the cause of
infertility and indication for in vitro fertilization do not
substantially affect the optimal embryo transfer position.

Further, there was a significant positive correlation be-
tween endometrial thickness and volume. In the previ-
ous report, the relationship between endometrial thick-

ness and endometrial volume is not clear®®?.

However,
from this result, current measures of endometrial thick-
ness, which reflect endometrial volume to some extent,
may be useful in the current 2D ultrasound during em-
bryo transfer.

Because the number of cases was small in this study
(N=105), future studies should include further examina-
tion with a larger sample size. In addition, future stud-
ies should investigate whether the results are stable in
Although the as-

sessment of embryo transfer position can be sufficiently

patients with uterine malformation.

performed using the current 2D ultrasound, 3D ultra-
sound may be useful in the identification of the optimal
site of embryo transfer with more detailed settings such
The endo-
metrial blood flow may be affecting as a reason for the

as the endometrial blood flow assessment.

high pregnancy rate of lateral embryo transplanta-
tion. In addition, in this study, since the migration of the
embryo is not considered as a premise, the assessment
of the position of the embryo over time may be a more
accurate implantation position.
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This study found that there is also variation of lateral
embryo transfer position in actual measurement in 3D ul-
trasonography and the results of this study has a possibil-
Although
current transplantation techniques under 2D ultrasound

ity that TDL does not affect pregnancy rates.

guidance may be supported to some extent, more accu-
rate evaluation of embryo transfer site using 3D/4D ul-
trasound analysis may contribute to further improvement
in pregnancy rate.
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