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A Study on the Prediction of Reproductive Outcomes in Frozen
Embryo Transfer Cycles by Calculating the Volume of Uterine
Junctional Zone with Three-Dimensional Ultrasound

Vorhersage des reproduktiven Outcomes bei Transfer im Kryozyklus
(Frozen Embryo Transfer) durch Berechnung des Volumens des
Endometriums der Junktionalzone mit 3D-Ultraschall
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ABSTRACT

Purpose To prospectively study the influence of the volume of
the uterine junctional zone (JZ) as a novel predictor of repro-
ductive outcomes in frozen embryo transfer cycles.

Methods Among the first 30 patients, intra- and interobser-
ver repeatability was evaluated and expressed as a coefficient
of repeatability. The same classification system was used to
evaluate the JZ of 142 infertility patients undergoing in vitro
fertilization (IVF). Ultrasonography was performed on the day
before transplantation. The three-dimensional (3 D) volume
images were then analyzed to obtain the volume of the endo-
metrium (EV), the average thickness of the JZ on the coronal
plane, and the volume of the JZ (JZV). The JZV was then divid-
ed by the EV. These parameters were compared with the out-
comes of clinical pregnancy.

Results The 3 D image showed that the JZ achieved a good in-
tra- and interobserver consistency (k=0.862, k=0.694). The
total pregnancy rate was 47 %. There was a highly significant
difference between pregnant and non-pregnant women with
respect to age (p<0.001), JZV (p=0.003), and JZV/EV
(p<0.001) on the day before transplantation. Age and JZV/
EV were independent factors for predicting the success of
IVF transplantation (p=0.010, p=0.016). The area under the
ROC curve of JZV/EV in predicting clinical pregnancy was
0.688, the cut-off value was 0.54, the sensitivity was 83.8 %,
and the specificity was 50.0 %.

Conclusion Age and JZV/[EV are independent factors for pre-
dicting the success of frozen embryo transfer cycles in IVF. A
smaller JZV/EV was more beneficial for clinical pregnancy.

ZUSAMMENFASSUNG

Ziel Prospektive Untersuchung des Einflusses des Volumens
der Junktionalzone (JZ) des Myometriums als neuartiger Pra-
diktor fiir den reproduktiven Outcome nach Transfer im Kryo-
zyklus (Frozen-Embryo-Transfer, FET).

Methoden Bei den ersten 30 Patientinnen wurde die Intra-
und Interobserver-Reproduzierbarkeit bewertet und die Wie-
derholbarkeit als , Coefficient of Repeatability” ausgedriickt.
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Dasselbe Klassifizierungssystem wurde zur Bewertung der |Z
von 142 Patientinnen mit Infertilitdt verwendet, die sich einer
In-vitro-Fertilisation (IVF) unterzogen. Die Ultraschalluntersu-
chung wurde am Tag vor dem Transfer durchgefiihrt. Die 3-
dimensionalen (3 D) Volumenbilder wurden anschlieBend
analysiert, um das Endometriumvolumen (EV), die durch-
schnittliche Dicke der JZ in der koronalen Ebene und das
JZ-Volumen (JZV) zu ermitteln. Die Ratio JZV/EV wurde
berechnet. Diese Parameter wurden mit dem Ausgang der
klinischen Schwangerschaft verglichen.

Ergebnisse Die 3 D-Aufnahme zeigte, dass die |Z eine gute In-
tra- und Interobserver-Konsistenz erreichte (k=0,862;
k=0,694). Die Schwangerschaftsrate betrug insgesamt 47 %.

Es gab einen hochsignifikanten Unterschied zwischen
schwangeren und nicht schwangeren Frauen in Bezug auf Al-
ter (p<0,001), |ZV (p =0,003) und JZV/EV (p<0,001) am Tag
vor dem Transfer. Alter und JZV/EV waren unabhdngige Fakto-
ren flr die Vorhersage des Erfolgs bei IVF-Transfer (p=0,010;
p=0,016). Die Fldche unter der ROC-Kurve von JZV[EV zur
Vorhersage einer klinischen Schwangerschaft betrug 0,688,
der Cut-off-Wert lag bei 0,54. Die Sensitivitdt betrug 83,8 %
und die Spezifitat 50,0 %.

Schlussfolgerung Alter und JZV/EV sind unabhangige Fakto-
ren fir die Vorhersage eines erfolgreichen Transfers kryokon-
servierter Embryonen bei IVF. Eine geringere |ZV/EV-Ratio war
fiir eine klinische Schwangerschaft giinstiger.

Introduction

The uterine junctional zone (JZ) is composed of smooth muscle
cells in the myometrium, which is the layer closest to the endome-
trium. However, the embryological origin of the ]JZ is different
from that of the outer muscularis. Both the JZ and the endome-
trium are derived from the mesonephric duct [1]. The |Z can also
be affected by estrogen and progesterone and have periodic
changes [2]. Thickening of the |Z is related to uterine diseases
[3], and its thickness is also related to the endocrine state [4].
The JZ is also a source of uterine contractions in non-pregnant
women, causing peristalsis of the endometrium, which is associat-
ed with low pregnancy rates in natural and assisted reproductive
technology cycles when uterine contractions are excessive and
uncoordinated [5]. Hence, it plays an important role in reproduc-
tion and pregnancy [6].

The JZ was first described in 1983 as a low-signal band-like
structure between the endometrium and myometrium on T2-
weighted magnetic resonance imaging (MRI) [7]. In 1990, Mitch-
ell et al. compared the display of the ]Z on MRI and transvaginal
ultrasonography (TVS). Although there was a good correlation be-
tween the two methods of measuring the JZ and histological
measurements, there was a small difference in the thickness of
the |Z measured by TVS and MRI [8], which was related to the dif-
ferent imaging methods. The |Z appears as a compact, smooth
muscle bundle, longitudinally parallel to the endometrium. There
is an obvious transition from the endometrium to the JZ but the
transition from the JZ to the myometrium is not obvious [9]. This
also makes it difficult to accurately measure |Z thickness on two-
dimensional (2 D) ultrasound imaging. With the development of
three-dimensional (3 D) ultrasound, the 3 D imaging mode en-
hanced the contrast, making the |Z display clearer. In 2012, Nafta-
lin et al. applied a 3D ultrasound coronal plane to display the |Z
and achieved good repeatability [8]. However, this only analyzed
one section of the |Z and could not reflect the whole picture. Fur-
thermore, the contractile function of the JZ does not exist com-
pletely linearly under the endometrium [10]. Therefore, we aimed
to analyze the |Z more objectively through the calculation of the
3D volume and explore its relationship with the failure of frozen
embryo transfer cycles in in vitro fertilization (IVF).
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Methods

This was a prospective study. A total of 158 women who under-
went IVF were enrolled between January 2020 and January 2021.
The criteria for inclusion were frozen embryo transfers, transplan-
tation of more than one high-quality embryo, and a clearly dis-
played endometrium on ultrasound examination. The exclusion
criteria were uterine malformation, adenomyosis, endometriosis,
uterine fibroids, hydrosalpinx, and intrauterine adhesions. The pa-
tients’ medical histories were recorded, including age, type of in-
fertility, and cause of infertility, followed by ultrasound evaluation
to identify any exclusion criteria. Ultrasonography was performed
on the day before transplantation to measure the endometrial
thickness (ET) and to preserve 2-3 3 D volume images for offline
analysis. The optimal 3 D volume images were used to obtain the
volume of the endometrium (EV), the average thickness of the |Z
in the coronal plane, and the volume of the |Z (J2V). The JZV divid-
ed by the EV was |ZV/[EV. The age, number of high-quality em-
bryos, ET, average thickness of the |Z, the |2V, and JZV[EV were
compared with the outcomes of clinical pregnancy.

This research program was approved by the Ethics Review
Committee. Women who agreed to participate in the study
provided informed consent.

3D image

All examinations were performed using a Voluson E10 (GE Health-
care, Zipf, Austria) ultrasound machine (Probe model RIC5-9-D).
Patients had to empty their bladder before the examination, and
the midsagittal plane of the uterus was used as the starting sec-
tion for the data collection regarding uterine volume. To reduce
artifacts, the entire uterus was included in the 3 D scan, with the
probe still, and patients were instructed to hold their breath as
much as possible. After data collection, 2-3 uterine volumes
were saved per woman for later analysis. Two observers, A and B,
performed an offline analysis of the 3D volume images. A and B
were doctors with more than 15 years of experience in obstetrics
and gynecology ultrasound and more than 5 years in gynecology
3D ultrasound.
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» Fig.1 Inthe 3D TVS multi-plane and render view: 3 D uterine volume data is shown in four images. Plane A was a midsagittal section, plane B was

a transverse section, and plane C was a coronal section.

» Fig.2 Inthe 3 D TVS multi-plane and TUI view: The JZ is displayed. a|Z is clearly visible on all five transverse sections; score=1. b In sections 1 and
5, the |Z is not clearly displayed locally; score =2 (white arrow). c In section 1, the JZ is completely obscured; score =3 (white arrow). JZ: junctional

zone.

Consistency study of 3 D image observation

Standardization of methods for 3D image post-processing and
evaluation of JZ display satisfaction were initially performed in a
group of 30 patients not included in the study sample. The evalu-
ation method for the degree of satisfaction with the 3 D |Z display
was as follows: The 3 D volume was shown in four images and fine-
tuned such that plane A was a midsagittal section, plane B was a
transverse section, and plane C was a coronal section (> Fig. 1).

el128

For the B plane using multiple TUI VCAD display methods, we
chose the 2 x 3-plane six-image display mode, adjusted the layer
thickness to enable the endometrium to display in the remaining
5 planes, added volume contrast imaging (VCl), selected a layer
thickness of 1 mm and high-contrast mode, and set the image
magnification as far as possible under the observation of the |Z,
which is the low echogenic band around the endometrium. The
display of the JZ was then ranked 1, 2, or 3 (» Fig. 2). A score of 1
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» Fig.3 In the 3D TVS VOCAL view: Calculation of the |Z volume. a Calculation of the volume of the endometrium (EV); EV =3.95 cm3. b Calcula-
tion of the volume of the |Z and the endometrium (JZV + EV); JZV+EV =7.59 cm3. The JZV is obtained by subtracting the EV from the volume of the

JZ and the endometrium; JZV =7.59-3.95 =3.64 cm3. |Z: junctional zone.

was the best, 2 was satisfactory, and 3 was dissatisfactory. The 3D
volume images were analyzed offline by the two observers and
scored. These scores were used to determine interobserver con-
sistency [Kappa (K)]. One month later, observer A performed a
second analysis rating on the 3 D images, which was tested for in-
traobserver consistency with the first score.

A score of 1 (best) indicated that the JZ was clearly visible on all
5 transverse sections (> Fig. 2a), 2 (satisfactory) indicated that
only 1-2 out of 5 sections of the local JZ could not be clearly dis-
played (» Fig. 2b), and 3 (unsatisfactory) indicated that the JZ was
completely unclear in 1 or more of the 5 sections or that the local
JZ was not clearly displayed in more than 3 sections (> Fig. 2c).

JZ volume of 3 D image

The two doctors (A and B) independently observed and analyzed
the 3 D volumes. Patients who were scored 3 by one of the two
observers were excluded. The two doctors calculated the JZV for
the patients with scores of 1 and 2. We then selected volume anal-
ysis to start the volume calculation program. Starting from plane
B, we marked every 30° and obtained the EV after completion
(» Fig. 3a). The same method was used to carry out another vol-
ume calculation along the outer edge of the |Z to obtain JZV+EV
(» Fig. 3b). The JZV was obtained by subtracting the EV from JZV
+EV. Two procedures were performed for each patient, and an
average was taken.

Average thickness of the JZ in the coronal plane

The 3 D multi-plane method was used to image the 3 D volume on
the C plane. The VCl was added, a layer thickness of 1 mm was se-
lected, and the view was adjusted until the endometrial cavity and
extrauterine contour were both satisfactory with the coronal
plane image, and the two stromal parts of the fallopian tube
were shown. In the high-contrast mode, the |Z can be seen as a
hypoechoic area around the endometrium. The maximum and
minimum values of the JZ on the two lateral walls and the bottom
wall were measured for the coronal plane with the most satisfac-
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tory display, and the values were added and divided by 6 to obtain
the average value of the coronal plane (> Fig. 4).

Clinical pregnancy criteria

Ultrasound was performed on the patients at 6 weeks of gesta-
tion, and in cases of the existence of a fetal heart rate, the patient
was diagnosed with clinical pregnancy [11].

Statistical analysis

SPSS software (version 26.0; IBM Corporation, Armonk, NY, USA)
was used for statistical analysis. Measurement data are expressed
as mean * standard deviation. The kappa (k) test was used for the
consistency study. Univariate logistic regression analysis was per-
formed for all parameters and clinical pregnancy, and multivariate
logistic regression analysis was performed on the significant
parameters of the results. Receiver operating characteristic
(ROC) curves were used to determine the predictive value of the
valuable parameters. Statistical significance was set at p<0.05.

Results

A consistency study of the JZ on 3 D ultrasound was conducted on
30 women who met the inclusion criteria. The two observers mu-
tually agreed with their judgments on the JZ display. The interob-
server consistency was K=0.694 and the 95 % confidence interval
(Cl) was 0.431-0.957. The intraobserver consistency was
K=0.862 and the 95% Cl was 0.669-1.056 (> Table 1, » Table 2,
> Table 3).

A total of 158 eligible cases were included in this study, 8 of
which were subsequently excluded (6 cases of ET<6 mm or
ET>16 mm, 2 cases of failed embryo resuscitation. The JZ showed
unsatisfactory results, with a score of 3, and another five cases
were excluded. Subsequently, three cases of early spontaneous
abortion caused by chromosomal abnormalities were excluded.
Finally, the data of 142 patients were analyzed (> Fig.5). The
characteristics of the study population are shown in » Table4.
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» Fig.4 In the 3D TVS multi-plane view: Calculation of the average ]Z thickness in the coronal plane (mm). The maximum and minimum JZ values
on the two lateral walls and the bottom wall were measured, and the values were added and divided by 6 to get the average value of the coronal
plane [(3.3+1.3+2.1+1.0+3.4+1.5)/6=2.1]. The average |Z thickness was 2.1 mm. JZ: junctional zone.

» Table 1 Interobserver variability in assessment of |Z.

Observer B Total
1 2 3
Observer A 1 19 0 0 19
2 5 4 0 9
3 0 0 2 2
Total 24 4 2 30

]Z: junctional zone.

Among the 142 patients, 68 were pregnant, and the clinical preg-
nancy rate was 47 % (> Table5). Univariate analysis was per-
formed on age, number of high-quality embryos, ET, EV, average
thickness of the |Z, JZV, and JZV/EV of the 142 patients (> Ta-
ble6). Age, |2V, and |]ZV/EV were included in the multivariate a-
nalysis. Multivariate analysis showed that age and JZV/EV were in-
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» Table 2 Intraobserver variability in assessment of |Z for observer A.

Observer A Total
1 2 3
Observer A 1 22 0 0 22
2 2 4 0 6
3 0 0 2 2
Total 24 4 2 30

JZ: junctional zone.

dependent predictors of clinical pregnancy (> Fig. 6). ROC curve
analysis of |ZV/EV prediction of clinical pregnancy was performed
(> Fig. 7). The area under the curve was 0.688, the cut-off value
of JZV/[EV for predicting clinical pregnancy was 0.54, the sensitiv-
ity was 83.8 %, and the specificity was 50.0 %.

Liu Yetal. A Studyon... Ultraschall in Med 2023; 44: e126-e135 | © 2021. The Author(s).



» Table 3 Kappa analysis of inter- and intraobserver variability in assessment of JZ (n =30 for each).

Interobserver variability

Intraobserver variability

Kappa Value

0.694
0.862

Cl: confidence interval; JZ: junctional zone.

Asymptotic

Standard
Error?

0.134
0.099

» Table4 Participant characteristics and causes of infertility.

Parameter

Age (years)

Duration of infertility (years)
Body mass index (kg/m?)
Basal serum FSH (IU/L)

Basal serum LH (IU/L)

Basal serum E2 level (p g/mL)
= Male infertility

= ovulatory dysfunction

= tubal infertility

= unexplained infertility

N=142

35.28+4.53
4354247
22.93+3.58
7.98+4.50
5.86+3.06
42.34+16.69
20/142 (14.08%
38/142 (26.76%
48/142 (33.80%
(

)
)
)
36/142 (25.35%)

FSH: follicle-stimulating hormone; LH: luteinizing hormone; E2: estra-

diol.

z P-value Lower 95 % Upper 95 %
Asymptotic Asymptotic
Cl Bound Cl Bound
4.849 0.000 0.431 0.957
5.694 0.000 0.669 1.056
Discussion

The JZ has been studied for nearly 40 years, and there are still
many ambiguities [12]. The JZ can be detected and evaluated
using T2-weighted MRI and TVS [13]. The development of 3D ul-
trasound imaging technology has made the study of the JZ more
convenient and extensive.

In this study, inter- and intraobserver consistencies were first
studied. We then established a 3 D multi-plane and TUI method
and used five transverse sections to evaluate the display of the
JZ. This overcame the shortcomings of the single coronal plane
display in previous studies [6]. In the subsequent volume calcula-
tion, we chose the B-plane for tracing and calculation, which was
concordant with the consistency study, to reduce the errors in the
analysis. In the analysis of 30 cases of 3 D volume, there was good
inter- and intraobserver consistency in the judgment of the |Z dis-
play (K=0.694 and K=0.862, respectively), and the results were
similar to those of Naftalin et al.’s study [14]. Of the 30 patients
in this study, 2 were assigned a score of 3, which was agreed
upon by the two observers. The differences between the obser-
vers were mainly reflected in the judgments of scores 1 and 2,
which did not affect the cases with scores 1 and 2 in the analysis

» Table5 Comparison of clinical characteristics and ultrasonic parameters between the clinical pregnancy group and non-clinical pregnancy group.

Variable

Age (years)

Number of high-quality embryos

ET (mm)

EV (cm3)

EV +JZV (cm3)
JZV (cm3)
JZV[EV

Average thickness of JZ (mm)

Pregnancy
(n=68)

33.81+3.75
1.47£0.50
10.13+2.21
3.65+1.37
6.80+2.13
3.15+£1.11
0.47+£0.09
2.59+0.80

Non-pregnancy t P
(n=74)

36.64+4.78 3.933 <0.001
1.51+0.56 0.482 0.631
9.74+2.49 0.981 0.328
3.29+1.48 1.507 0.134
7.18+2.63 0.945 0.346
3.89+1.74 3.052 0.003
0.55+0.12 4315 <0.001
2.66+0.85 0.546 0.586

ET: endometrial thickness; EV: volume of endometrium; JZV: volume of junctional zone; |Z: junctional zone.
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» Fig.5 Flowchart of the study group.

group. In this study, patients were able to obtain a higher consis-  factory uterine cavity images and uterine diseases, such as uterus
tency, but this was because they were screened according to the  in horizontal position, uterine malformations, uterine fibroids,
inclusion criteria required for the study, and patients with unsatis-  were excluded. This enabled the |Z to have a better display and
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» Table 6 Logistic univariate analysis of each parameter.

Variable Univariate analysis

OR (95 % Cl) P
Age (years) 0.860 (0.793-0.934) <0.001
Number of high-quality 0.857 (0.458-1.602) 0.628
embryos
ET (mm) 1.073 (0.932-1.236) 0.326
EV (cm?) 1.196 (0.946-1.512) 0.135
EV + |2V (cm3) 0.935 (0.813-1.075) 0.345
|2V (cm?) 0.691 (0.532-0.897) 0.005
|ZV/[EV 0.001 (0.000-0.038) <0.001
Average thickness of |Z 0.893 (0.595-1.339) 0.584

(mm)

OR: odds ratio; Cl: confidence interval; ET: endometrial thickness; EV:
volume of endometrium; JZV: volume of junctional zone; JZ: junctional
zone.

achieve a relatively high consistency. Regarding the measurement
of the average JZ value on 3 D coronal section, we did not conduct
a consistency study because several previous studies have con-
firmed that this method has good consistency [15].

Embryotic quality and endometrial receptivity (ER) are impor-
tant factors affecting the success of IVF, of which endometrial fac-
tors account for 60 % and embryonic factors account for 40 % [16].
The ET, shape, volume, and blood flow were all considered as ul-
trasonic indicators of ER. However, different studies on these indi-
cators have conflicting conclusions [17]. Therefore, the ER of ul-
trasound is still being studied. All patients in this study
underwent frozen embryo transfer cycles with more than one
high-quality embryo. After statistical analysis, the number of
high-quality embryos transplanted was not related to clinical
pregnancy (P=0.631). Embryonic factors were excluded, and ER
was the focus.

In the past, most MRI studies on the |Z focused on adenomyo-
sis [18]. However, with the deepening of research on the function
of the |Z, it has been recognized that it is associated with infertility
[19]. Maubon et al. used MRI to study the predictive effect of the
JZ on IVF success [20] and showed that |Z thickening was a nega-
tive predictor of IVF. However, MRl is not suitable for every patient
undergoing IVF because of its high cost and long examination
time. Ultrasonography has the advantages of convenience and
low cost. As 3 D ultrasound imaging technology is becoming in-
creasingly accurate, many studies have attempted to use it to
evaluate the JZ [21, 22]. Maged et al. used 3 D ultrasound to ob-
serve the |Z and concluded that embryo transplants are more like-
ly to be successful in women with a thin JZ. The higher the maxi-
mum value of the ]Z, the more likely it is that implantation will fail
[23]. However, the study measured the JZ on a coronal section,
which may have overlooked the changes in the JZ in other sections
(» Fig. 8). The 3D multi-plane VOCAL imaging technology can
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» Fig.6 Logistic multivariate analysis of age, |2V, JZV/EV, and clini-
cal pregnancy. JZV: volume of the junctional zone; EV: volume of
the endometrium.

» Fig. 7 Receiver operating characteristic curve of JZV/EV and clin-
ical pregnancy. JZV: volume of the junctional zone; EV: volume of
the endometrium.

display multiple planes and ensure more accurate volume meas-
urements. Therefore, we want to calculate the JZ volume by tra-
cing multiple planes to evaluate the |Z more comprehensively.
Furthermore, considering the same origin of the |Z and endome-
trium, the EV was combined with the |ZV for analysis. The results
showed that age, |ZV, and |ZV/EV were all factors that affected
the outcome of IVF. However, in the subsequent multivariate lo-
gistic analysis, only age and JZV[EV were shown to be indepen-
dent predictors of clinical pregnancy. The cut-off value of JZV/EV
for predicting clinical pregnancy was 0.54, with a sensitivity of
83.8 % and specificity of 50.0 %. None of the 10 women with |ZV/|
EV >0.70 were clinically pregnant.

In contrast to previous findings, in our study, the average |Z
value was not a predictor of IVF success. This may be because
cases of adenomyosis and endometriosis were excluded from 2D
ultrasound. Patients with changes in the |Z alone were not diag-
nosed as adenomyosis because the diagnosis had not yet been fi-

e133



# Thieme

» Fig.8 In the 3D TVS multi-plane and TUI view: Local thickening of the JZ sometimes was not shown only in the coronal plane. a) The JZ showed
uniform thickness on the coronal plane. b) Local thickening of the |Z was shown in the transverse sections in the 3 D TUI view (white arrow). c) Local
thickening of the JZ was shown in the longitudinal sections in the 3 D TUI view (white arrow).

nalized [24], and they were only considered as changes in the JZ.
Therefore, the difference in the |Z of patients in this group was not
significant, which may be the reason why the average JZ value in
the coronal plane in 3 D ultrasound in this group did not become
an indicator for predicting clinical pregnancy. The JZ volume
measurement increased this difference. Hence, the |ZV became a
predictor, while |ZV/EV also added the endometrial factor and
thus became a better predictor of IVF success.

Our study used the JZ volume instead of the maximum and
average JZ value on a single ultrasound section in previous studies.
To the best of our knowledge, it is the first to combine the JZ vol-
ume with the EV for predicting the outcome of IVF. It also reduced
the effect of uterine size on the EV and the JZV. However, we still
have some limitations. In this study, patients with ET>16 mm and
<6 mm were excluded because these patients would be advised
to avoid undergoing transplantation. In addition, the principle of
ultrasound imaging is different from that of MRI. Even though 3D
ultrasound may have different |Z displays due to its different ima-
ging modes and image adjustments, the standardization of 3 D ul-
trasound imaging remains to be further studied. Finally, the rela-
tionship between the JZ in ultrasound images and its histology has
not been demonstrated in this study, which may become the topic
of our future study.

Conclusion

JZV/EV is an independent factor for predicting the success of IVF
frozen embryo transfer cycles. A smaller JZV/EV was more benefi-
cial for clinical pregnancy.
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