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Abstract

Purpose Recent studies have focused on transvaginal ultrasound measurement (TVUS) of sub-endometrial contractility and
computer-enhanced 3-D modeling scoring of the endometrium prior to embryo transfer (ET).The aim of this study was to
compare pregnancy outcome of patients who performed the 3-D scoring or the sub-endometrial measurement prior to the ET
with patients that did not perform those procedures.

Methods A single center retrospective cohort study of 635 freeze/thaw cycles of blastocysts vitrified on day 5 and transferred
between January 2016 and August 2016.

Results We compared the patients who performed 3-D scoring with the control group and found comparable patients’ characteristics,
clinical pregnancy rates (42% vs. 44.3, p = NS, respectively), and ongoing pregnancy rates (31.7% vs. 33.9%, p = NS).We then compared
the patients who performed the sub-endometrial wave measurements with the control group and found similar findings. The clinical
pregnancy rate (38.2% vs. 44.3, p = NS, respectively) and the ongoing pregnancy rate (30.8% vs. 33.9%) were comparable between the
two groups. We performed a regression analysis to examine the independent contribution of different variables to the ongoing pregnancy
rates. Both the 3-D and the wave count procedures were not found to have any influence on the ongoing pregnancy rates.
Conclusions Although new ultrasonic methods of evaluating the endometrium have been proposed during the last years, these
methods have not been shown to improve the pregnancy rates compared to the original method of assessing the endometrium by
measuring the endometrial thickness.

Keywords Sub-endometrial waves - 3-D endometrial scoring - FET

Introduction

Recently, several studies comparing fresh and frozen-thawed
embryo transfer (FET) cycles in normal responders demonstrat-
ed a significantly higher clinical pregnancy rate per transfer in
the FET cycles versus the fresh cycles [1—4]. This improvement
in pregnancy rate is thought to be due to impaired endometrial
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receptivity in the fresh cycles as a result of ovarian stimulation
[1-4]. For a pregnancy to occur, an embryo must be implanted
in a receptive endometrium during the window of implantation,
which is thought to occur during a short period of time, between
days 22-24 of an idealized 28-day cycle [5].

Early studies using transvaginal ultrasound (TVUS) have sug-
gested assessing endometrial receptivity by measuring endome-
trial thickness as an alternative to invasive techniques, such as
endometrial biopsy. Pre-ovulatory endometrial thickness of
7 mm is considered as the cutoff thickness, below which many
physicians would cancel an embryo transfer [6-8]. However,
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Kasius et al., in their comprehensive meta-analysis has demon-
strated a low-positive predictive value for pregnancy of endome-
trial thickness [9].

More recent studies have focused on TVUS measurement of
sub-endometrial contractility, observed as “sub-endometrial
waves.” Fanchin et al. observed an inverse correlation between
the frequency of these waves in the luteal phase and pregnancy
outcomes. Increasing progesterone exposure was shown to result
in diminished wave activity and improved pregnancy rates [10].

Another recent method of evaluating the endometrium is an
endometrial 2-D image scoring by computer-enhanced 3-D
modeling called Matris™ (https: //matrisart.com/ what-is-
matris/). Matris™ uses proprietary algorithms and specialized
technologies to assess and interpret ultrasonographic images
taken by the clinic. Matris™ provides a scoring system that
assigns a numeric score based on what research predicts will be
the quality of the endometrial lining at the time of transfer. The
higher the Matris™ score, the higher the probability of pregnancy.

During the last 2 years, patients in our clinic have been
offered to perform the 3-D scoring or the sub-endometrial
waves measurement, 24—48 h before the planned embryo
transfer, and based on those results, the decision whether to
proceed to an embryo transfer or to cancel the cycle was taken.

Prompted by the aforementioned observations, we aimed
to compare the pregnancy outcome of patients who performed
either Matris™ scoring or the sub-endometrial waves mea-
surement prior to the ET, to patients who underwent FET
without any prior assessments.

Patients and methods

This was a single center retrospective cohort study of 635 FET
cycles of blastocysts vitrified on day 5 and transferred be-
tween January 2016 and August 2016. Two hundred twenty-
four patients performed the Matris™ scoring, 172 patients
performed the sub-endometrial waves measurements, and
239 patients did not perform any of those procedures prior
to the ET. The study was approved by the Research Ethics
Board at Mount Sinai Hospital in Toronto.

Patients started on day 2-3 of the cycle with oral administra-
tion of 2 mg of micronized estradiol twice daily for endometrial
preparation, which was increased by a step-up protocol to 8 mg/
d. An ultrasound endometrial thickness measurement was per-
formed about 10 days later, assessed the lining as ready for the
ET procedure when the endometrial thickness was > 7 mm. If not
adequate, endometrial estrogen priming continued and ultra-
sound assessment was undertaken to further confirm the endo-
metrial thickness. Patients with endometrial thickness <7 mm
were canceled and excluded from the analysis. Participants com-
menced luteal support via vaginal administration of progesterone
suppositories 200 mg three times daily, and embryos were
thawed and transferred on day 6 of progesterone.
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Matris™ scoring

The ultrasound measurements for 3-D scoring were performed
48 h prior the ET. The images of the uterus were performed by
transvaginal ultrasound in the longitudinal and transverse plane.
The images were sent and evaluated by an independent com-
pany (Synergyne Imaging Technology Inc. https://matrisart.
com/ about-us/) and the scores up to 10 were received within
24 h. If the score was below 7 suggesting unreceptive
endometrium, the transfer was canceled and postponed to the
next cycle (and the following month the Matris™ scoring was
performed again).

Sub-endometrial waves measurement

The sub-endometrial wave measurement was performed 24 h
prior the ET.

After the vaginal probe was inserted and a longitudinal
view of the endometrial cavity was obtained, sub-
endometrial wave contractions were counted over 2 min using
a screen stopwatch. We intentionally delayed the wave count
by 1 min after probe insertion in order to avoid possible irri-
tation provoked by the probe itself. If no wave activity was
recorded after a 3-min examination, the test was summarized
as “0” wave count. Because former studies reported reduced
pregnancy outcome in cases of increased sub-endometrial
contractility [11, 12], our clinical protocol for a wave count
>3 per minute on the fifth day of progesterone treatment was
to inject two additional 50 mg of IM progesterone, one at the
evening and the other in the following morning. On the morn-
ing of the 6th day of progesterone, which was the ET day, the
wave count was repeated in these “hyper-contractile” cases. If
the count was <2 per minute, the transfer was performed as
scheduled. If the wave count was again > 3, the FET cycle was
canceled.

Patients with abnormal 3-D scoring, abnormal sub-
endometrial wave count, or endometrium < 7 mm were exclud-
ed from the study.

The decision whether to perform Matris™ scoring, sub-
endometrial wave counting, or no testing was made by the
treating physicians independently.

Vitrification method used was Irvine Scientific (Irvine
Scientific Santa Ana Ca, USA) “Freeze Kit” (Cat. # 90133-
SO) with HSV straws.

We compared the pregnancy outcome of patients who used
the Matris™ scoring or the endometrial wave measurements
prior to the ET with patients who did not perform any of those
procedures prior to the ET.

Clinical pregnancy was defined as a visualization of a ges-
tational sac, while ongoing pregnancy necessitated the visual-
ization of fetal cardiac activity on transvaginal ultrasound.

Comparison of continuous variables between the two groups
was conducted using Student’s # test. Chi-square test was used
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Table 1 FET cycles comparing

Matris™ scoring and controls Matris™ scoring Control P
n 224 239
Age at the OPU 34.8+3.8 35.1+3.7 NS
E2 levels at the triggering day 11,574 +5653 11,777 + 6282 NS
Eggs (n) 16+£7 16.4+6.7 NS
M2 (n) 12.8+6 12.7+5.7 NS
Blastocysts (1) 5.6+34 52+3 NS
Transfers in the past 1.6£1.5 1.6+14 NS
Age at transfer 352+37 35.1+£3.7 NS
Endometrial thickness (mm) 94+2 93+1.8 NS
Number of embryos transferred 12+04 14£1.3 NS
Pregnancy 102/224 (45.5%) 118/239 (49.3%) NS
Clinical pregnancy 94/224 (42%) 106/239 (44.3%) NS
Ongoing pregnancy 71/224 (31.7%) 81/239 (33.9%) NS

for comparison of categorical variables. Logistic regression
analysis was employed for multivariate analysis. Variables used
in the regression model included maternal age at time of oocyte
retrieval, number of transferred embryos, and 3-D scoring or
endometrial wave measurements prior to the ET. Significance
was accepted at P < 0.05. Statistical analyses were conducted
using the IBM Statistical Package for the Social Sciences (IBM
SPSS v.20; IBM Corporation Inc., Armonk, NY, USA).

Sample size calculation reveals that with the current sample
size, we can detect a 13% difference in ongoing pregnancy rate
between the study groups and the control group with a power of
80% and a P value of 0.05.

Results

While comparing patients who performed Matris™ scoring to
the control group, no in-between group differences were
found in the patients’ age (34.8 vs. 35.1 years, p = NS,

respectively), the number of eggs retrieved during the fresh
in vitro fertilization cycle (16 vs. 16.4, p = NS), the number of
fully expanded blastocysts (5.6 vs. 5.2, p = NS), the number of
previous embryo transfers (1.6 vs. 1.6, p = NS), nor the endo-
metrial thickness (9.4 vs. 9.3 mm, p = NS). The clinical preg-
nancy rate (42 vs. 44.3%, p = NS) and the ongoing pregnancy
rate (31.7 vs. 33.9% p = NS, respectively) were comparable
between the two groups (Table 1).

We then compared patients who performed the sub-
endometrial wave measurements to the control group, pa-
tients’ age (34.5 vs. 35.1 years, p = NS, respectively), the
number of eggs retrieved (17.5 vs. 16.4, p = NS), and the
endometrial thickness (9.4 vs. 9.3 mm, p = NS) were compa-
rable between the two groups. The numbers of previous em-
bryo transfer attempts (2.2 vs. 1.6, p<0.001) and fully ex-
panded blastocysts (6.5 vs. 5.2, p=0.02) were significantly
higher in the group with endometrial wave testing compared
to the control group. The clinical pregnancy rate (38.2 vs.
44.3%, p = NS) and the ongoing pregnancy rate (30.8 vs.

Table 2 FET cycles comparing

sub-endometrial waves and Waves Control P

controls n 172 239
Age at the OPU 345+38 35.1+3.7 NS
E2 levels at the triggering day 10,307 £5998 11,777 £ 6282 0.03
Eggs (n) 17.5+9 16.4+6.7 NS
M2 (n) 144+74 12.7+£5.7 NS
Blastocysts (1) 6.3+5.1 52+3 0.02
Transfers in the past 22+1.7 1.6+1.4 <0.001
Age at transfer 352+3.7 35.1+£3.7 NS
Endometrial thickness (mm) 9425 93+1.8 NS
Number of embryos transferred 1.1+04 14+13 0.002
Pregnancy 80/172 (46.5%) 118/239 (49.3%) NS
Clinical pregnancy 62/172 (38.2%) 106/239 (44.3%) NS
Ongoing pregnancy 53/172 (30.8%) 81/239 (33.9%) NS
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33.9%, p = NS, respectively) were comparable between the
two groups (Table 2).

We performed a regression analysis to examine the inde-
pendent contribution of different variables to the ongoing
pregnancy rates. Variables used in the regression model in-
cluded maternal age, number of transferred embryos, number
of oocytes retrieved, number of M-II oocytes, and number of
blasts. Both the Matris™ scoring and the wave count proce-
dures were not found to have any influence on the ongoing
pregnancy rates.

Discussion

In the present study, we found that different ultrasonic evalu-
ations of the endometrium prior to embryo transfer did not
improve pregnancy outcome. The clinical and ongoing preg-
nancy rates were comparable between patients who performed
Matris™ scoring or sub-endometrial wave measurements pri-
or to the ET and patients who did not perform those proce-
dures prior to the ET.

For many decades, the endometrial thickness has been the
only tool used by clinicians in deciding whether the endometri-
um is appropriate for embryo transfer. Thin endometrium is
related to lower implantation and pregnancy rates. Therefore,
most physicians would cancel embryo transfer to a patient with
thin endometrium. Pre-ovulatory endometrium of 7 mmis com-
monly accepted as the cutoff thickness [6—8]. However, other
endometrial thickness cutoffs are common in clinical practice
and they usually range between 5 and 8 mm [13-15]. A pro-
gressive correlation between endometrial thickness and preg-
nancy rates was reported [16]. Some studies reported a higher
pregnancy rate achieved with an embryo transfer when endo-
metrial thickness was >9 mm [17, 18]. In donor egg recipient
cycles, the pregnancy rate was higher with endometrial thick-
ness between 9 and 10 mm[19]. Nonetheless, pregnancies were
achieved in patients with endometrium as thin as 4 mm [20]. In
the present study, only transfers with endometrial thickness of
7 mm and above were included and patients’ thickness below
7 mm were excluded from the study.

Fanchin et al. demonstrated that multiple sub-endometrial
contractions can negatively affect the pregnancy rate [21].
Uterine contractility can be spontaneous or induced by trau-
matic transfer. Moreover, abnormal uterine contractility might
be one of the explanations for tubal pregnancy following
sonographic-guided embryo transfer to the uterine midcavity
[22]. 1t is well established that progesterone reduces uterine
contractility [23]. Therefore, in cases of an overactive uterus,
adding progesterone might help in achieving a reduction in
contractions prior to transfer [24].

More recently, Zhu et al. demonstrated that the uterine
peristaltic wave frequency before embryo transfer is inversely
related to the clinical pregnancy rates in fresh and frozen-
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thawed embryo transfer cycles. They demonstrated a dramatic
decrease in pregnancy rates with the occurrence of three
waves or above per minute [25].

In the present study, only patients with less than three
waves were included. The patients who had three waves or
above at the morning of the ET were canceled. In the control
group, none of the patients underwent sub-endometrial wave
evaluation. Even without measuring the number of waves, we
can assume that some of them might have had an increased
number of waves and would have been canceled if they had
been tested for the sub-endometrial waves. However, since the
pregnancy rates were comparable in the two groups, we might
assume that sub-endometrial contraction evaluation could not
improve pregnancy rate.

Three-dimensional Matris™ scoring was first introduced as
an abstract at the ASRM meeting in October 2012, as a novel
sonographic method for evaluating the endometrial receptivity.
The technique contains different proprietary algorithms devel-
oped by the company in order to optimize the endometrial re-
ceptivity evaluation. The original abstract presented data from
117 women who had 3-D scoring performed prior to ET. They
demonstrated an increasing pregnancy rate with increasing 3-D
scoring. When the 3-D scores were good-excellent, the ongoing
pregnancy rates were between 64—100%. The authors recom-
mended that validation of this model in a large sample of IVF/
ICSI patients should be considered. Unfortunately, the data that
was presented at the meeting was never published as a manu-
script and a prospective study has not been performed.

Similarly to patients with abnormal sub-endometrial con-
tractions, patients who had abnormal Matris™ scoring 48 h
prior the ET were canceled. In the control group, none of the
patients underwent Matris™ scoring. Since pregnancy rates
were comparable between the two groups, we may assume
that performing the Matris™ scoring failed to increase the
pregnancy rate.

There are a few limitations to our study. The main limitation
is the retrospective study design, and although the results of this
study are promising, further prospective studies will be needed
to confirm the findings. There are many factors that can influ-
ence the pregnancy rate, such as the physician or the embryol-
ogist performing the transfer, difficulty inserting the transfer
catheter, endometrial thickness and pattern, and sub-
endometrial contractions to name a few. Those factors were
not controlled for in the study.

Although the patients were not randomized to the different
treatments, and therefore selection bias cannot be excluded, the
decisions whether to perform the 3-D scoring/sub-endometrial
contraction evaluation or only endometrial thickness were
made by the physician without taking into account previous
fertility history. Some physicians performed Matris™ scoring
on all their patients, some performed sub-endometrial contrac-
tion evaluation on all their patients, and some measured only the
endometrial thickness.
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We conclude that although new ultrasonic methods for
evaluating the endometrium prior to ET have been proposed
during the last years, according to our experience these
methods have not been proven to improve pregnancy rate
compared to the original method of assessing the endometri-
um by measuring the endometrial thickness.
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