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Background: The outcome of embryo transfer (ET) is multifactorial. A variety of patient-related, procedural-related, and operator-related
factors are known to play a role. This study aims to evaluate the outcomes of ET and determine the factors that affect the outcome.
Methods: The study involved a retrospective design involving 300 first in vitro fertilization and embryo transfer (IVF-ET) cycles
between 2011 and 2021. The outcome included 155 unsuccessful cycles and 145 successful IVF-ET leading to pregnancy. The
outcomes were examined for different variables, including age, weight, height, body mass index, cause of infertility, number of
embryos fertilized during the cycle, day of ET, whether the embryo was frozen, presence of blood or mucus during the procedure, the
use of a stylet, tenaculum, uterine sound/dilator, and catheter type. Logistic regression was used to analyze factors affecting the
outcomes of ET.

Results: The mean age was 27.84 + 3.77 years. Patients who had blood during the procedure (32.9% vs 17.2%, p = 0.002), mucus
(31% vs 20.7%, p = 0.049), or used the tenaculum (16.8% vs 6.9%, p = 0.012) were more likely to have unsuccessful IVF-ET. Logistic
regression to adjust for related factors revealed that the presence of blood (AOR = 2.21, 95% CI 1.04 to 4.66, p = 0.038) during the ET
had a higher likelihood of an unsuccessful outcome.

Conclusion: This study showed that the presence of blood during the ET cycle influenced clinical pregnancy. This highlights the
importance of performing the procedure under atraumatic conditions.

Level of Evidence: Level III; retrospective comparative study.

Plain Language Summary: Infertility is considered an important public health problem in terms of high expenses, treatment
complications, and failure. Addressing the factors that impact embryo transfer outcomes may help in guiding counseling and
management. Therefore, the aim of this study was to evaluate the results of IVF-ET and assess several patient-related and procedural-
related factors that impact those results. It included retrospectively 300 cycles from 2011 to 2021. The presence of blood after embryo
transfer was shown to be the major predictor of an unsuccessful cycle. Moreover, although the usage of additional instruments was not
significantly associated with a higher risk of failed embryo transfer cycles, the operators should use these instruments with caution in
order to avoid any trauma that might result in bleeding.
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Introduction

Infertility is a global public health burden that affects every aspect of human life. It is estimated to affect 15% of
reproductive-age couples globally.! As a response, the use of assisted reproductive technology is becoming more
common.” Regardless of the availability and advancement of infertility treatments, the implantation rate is still relatively
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low.® The success of implantation depends on several factors, including a viable embryo, a receptive uterus, and the
embryo transfer technique.®> One of the most important yet simplest step of this process is embryo transfer (ET).
However, despite its simplicity, ET can adversely affect the outcome if not carried out meticulously.

Recognizing the other factors that influence the outcome of embryo transfer might assist in counseling and guide the
management. These factors include the difficulty of embryo transfer, the appearance of blood or mucus, embryo
retention, high uterine contraction frequency, the catheter type, catheter loading and placement techniques, ultrasound
quality, and operator-related factors.* In order to standardize ET technique, the American Society of Reproductive
Medicine (ASRM) guideline recommends using ultrasound guidance and a soft catheter during the procedure, as well as
advocates for early ambulation after the procedure.® However, minimal attention has been paid to the embryo transfer
technique, as embryo transfer is sometimes seen as an insignificant contributor to the outcome of an IVF cycle;
furthermore, physicians are usually unwilling to update their routines or methods for performing embryo transfer.*

Infertility is perceived as a traumatizing experience as patients are confronted with a wide range of treatment options,
indications, complications, failures, and expenses. This is evidenced by worse mental health status levels in couples
undergoing IVF-ET compared to fertile couples.” Therefore, this study attempts to assess the outcome of IVF-ET and to
identify the factors that influence those outcomes in a tertiary care hospital. This will benefit infertility care providers and
patients, which will aid us in optimizing the outcomes and alleviating their concerns. According to our search, there is
a paucity of studies that investigate the factors that impact IVF-ET outcomes, making our study the first in our region to
shed light on this topic.

Materials and Methods

This study was a retrospective cohort analysis of 300 IVF cycles performed at single 600-bed tertiary care teaching
hospital. It investigated the factors and circumstances surrounding the procedure of embryo transfer that may affect the
success of cycles measured by achieving a clinical pregnancy.

Study Aim

This study aimed to analyze factors related to the procedure of embryo transfer in IVF cycles where good quality
embryos have been produced and assess their impact on the success of the cycle as measured by achieving a clinical
pregnancy.

Study Sample

Out of 1,503 cycles performed from 2011 to 2021, at a tertiary care teaching hospital, 300 cycles were included in this
study. The data collection process was carried out manually, using the patient records kept at the IVF unit at the institute.
Inclusion criteria were: primary infertility, female partner age of 35 years or less, and a first attempt at fresh or frozen
thawed embryo transfers that had at least one grade 1 embryo. The exclusion criteria were: repeat cycles, no grade 1
embryos, women that had previous uterine surgery or manipulation, and women above the age of 35 years. The primary
outcome was considered successful if the outcome was a clinical pregnancy.

The resulting embryos are examined and classified to choose the highest quality embryos for the embryo transfer. In
our study, we only included cases that had at least one grade 1 embryo in the ET, to ensure that embryo quality had no
bearing on the outcome. A grade 1 embryo suggests the highest quality embryo, which is determined by the embryol-
ogists, is one in which all of the blastomeres are the same size and there is no cytoplasmic fragmentation in the embryo.
All IVF procedures were performed by a professional and experienced IVF specialist with at least ten years of experience
in IVF procedures using the same standard protocol. Only grade 1 was included to exclude the quality difference between
the cases and to be able to study the other confounding factors without the effect of the embryo quality.

Data Collection
Of 1,503 total patient files, 300 patients were included in our study (supplementary material). The data collection process

was carried out manually, using the physical records kept at the IVF unit. The cases were chosen using predetermined
inclusion and exclusion criteria; all of the cases included had primary fertility issues and a maternal age of less than 35.
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Both fresh and frozen thawed embryo transfers were included if they had at least one grade 1 embryo, granting it was the
first attempt. Any cases where the woman had had previous uterine surgery or manipulation were excluded. Repetitive
cycles, cycles with no grade 1 embryos, and cases where data was missing from the records were also excluded.

Ovarian Stimulation

All patients received advice and detailed explanations of the procedure from medical specialists before giving their
informed consent to undergo IVF-ET. Patients underwent controlled ovarian hyperstimulation (duration ranged from 9 to
12 days depending on the response to stimulation) with either gonadotropin-releasing hormone (GnRH) agonist (0.1 mg
subcutaneously) and with human menopausal gonadotropin (hMG) preparations (150450 IU intramuscularly) or in some
case follicle-stimulating hormone (FSH) (150-450 IU intramuscularly) or, based on patient profile including the age and
weight, ovarian reserve, and response to stimulation. Human chorionic gonadotropin (HCG) (10,000 IU intramuscularly)
trigger was used to achieve final maturation of the oocytes. IVF specialists used ultrasonography to perform serial
monitoring for controlled ovarian stimulation with hormones. Oocyte retrieval was carried out under sedation using
ultrasound-guided aspiration of the follicles, 36 h after injection of HCG. Further in-depth details on procedures of both
protocols are described in this article.® A detailed medication plan was presented to each of the patients, and given their
strong desire to achieve pregnancy, they were strongly motivated to adhere to the prescribed medication regimen.

ET Technique

Embryo transfers were carried out on days 2-5, all in the same setting by experienced gynecologists. The patient is
situated in the lithotomy position and a stepwise approach was implicated based on difficulty. Cervix is exposed using
a bivalve speculum. The outer sheath catheter is then inserted into the cervical canal under abdominal ultrasound
guidance, ideally without any additional instruments or aids used. In the majority of cases, a curved cook catheter was
used. If unable to pass the catheter through the cervical canal due to resistance or excessive angulation, the additional
steps to overcome this difficulty were in the following order: use of a stylet; use of tenaculum; use of uterine sound or
dilator. Once access through the cervix into the uterine cavity is achieved, the embryos are loaded into the inner catheter
and transferred into the uterine cavity through the outer sheath. Following the process of embryo transfer, the catheter
and sheath are examined under the microscope to confirm that none of the embryos are retained on the catheter or outer
sheath. After the transfer, the catheter and sheath are examined for any mucus or blood, and findings are recorded
accordingly.

Statistical Analysis
SPSS version 28.0 (Chicago, IL, USA) was used in our analysis. The continuous data was described using variability
analysis in the form of means + standard deviation. The sociodemographic factors were calculated and provided as
frequencies (percentages) using standard descriptive statistical parameters. Fischer’s exact test with OR (95% CI) was
used to determine the association between categorical study factors and the outcome of ET. We performed an
independent sample #-test to analyze the mean difference between the demographics of patients and the outcome of
ET, and we presented data in mean + standard deviation.

Variables that showed univariate analysis with a p<0.1 were included in the logistic regression model in order to
control for possible confounding factors, which were summarized using AOR (95% CI). Statistical significance was
defined as a p-value of less than 0.05.

Ethical Considerations

This study was approved by the institutional review board of the institute, as well as the scientific research
committee of the medical faculty at University of Jordan (Approval No. 1020229249; 1 March 2022), under the
stipulation that no form of identification was to be included at any point throughout the study and the privacy of
patients was ensured.
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Table | Demographics of Patients with Unsuccessful and Successful Embryo Transfer

Variables Unsuccessful Successful p value
Mean Standard Deviation | Mean Standard Deviation

Age (years) 28.11 3.94 27.56 3.56 0.206

Weight (Kg) | 70.86 18.67 69.93 16.21 0.934

Height (cm) 159.19 12.03 158.84 9.27 0.348

BMI (kg/m2) | 31.54 41.51 28.78 18.42 0.466

Abbreviation: BMI, body mass index.

Results

Patients’ Characteristics

The study included 300 women who underwent IVF-ET. The age ranged from 17 to 35 years, with a mean age of 27.84 +
3.77 years. The mean weight was 70.41 = 17.51 kg, and the mean height was 159.02 £+ 10.78 cm, which is equivalent to
a mean BMI of 30.22 + 32.52. Table 1 demonstrates the patients’ demographics according to the IVF-ET outcome.

Factors Affecting Implantation

In total, 51.7% had an unsuccessful cycle and 48.3% had successful IVF-ET and resulted in a clinical pregnancy. The
most common causes of seeking infertility treatment included male factors (54.3%), followed by unexplained infertility
(18%), and combined factors (7%). Table 2 shows the causes of infertility and the outcome of embryo transfer.

The overall mean number of embryos obtained during the cycle was 2.47 + 0.84 (range, 1 to 6), with no significant
mean difference between the unsuccessful and successful groups (p = 0.474). The day of transfer was 2.83 £ 0.56 of the
cycle (range, 2 to 5), with no significant mean difference between the unsuccessful and successful groups (p = 0.391).
The vast majority (89.3%) of the embryos transferred were fresh embryos, and only 10.7% were frozen embryos.

During the procedure of embryo transfer, in 25.3% of the cases, blood was noticed and in 26.6% of the cases, mucus
was found. Most of the cases did not require any instruments to be used. A stylet was used in 15% of the cases,
a tenaculum was used in 12%, and uterine sound /dilator was used in 6.3%. The catheter used was a curved cook in
98.7% of the cases, Gyne flex (0.7%), double cook (0.3%), and Labotect catheter (0.3%).

As shown in Table 3, the univariate analysis showed that in the cases where blood was found during the procedure
(OR =2.35, 95% CI 1.36 to 4.06, p = 0.002), the presence of mucus (OR = 1.72, 95% CI 1.02 to 2.91, p = 0.049) or the
use of tenaculum (OR = 2.72, 95% CI 1.26 to 5.87, p = 0.012) had a higher likelihood of unsuccessful IVF-ET. There

Table 2 Causes of Infertility and the Outcome of Embryo Transfer

Cause of Infertility Total n (%) Embryo Transfer p value
Unsuccessful | Successful

Male factors 161 (54.3) 83 (53.5) 80 (55.2) 0.723

Unexplained 54 (18) 30 (19.4) 24 (16.6)

Combined 21 (7) I (7.1) 10 (6.9)

PCOS 20 (6.7) 9 (58 Il (7.6)

Endometriosis 13 (4.3) 9 (5.8) 4 (2.8)

Tubal cause I (3.7) 6 (3.9) 534

PGD genetic or sex 6 (2) 2 (1.3) 4 (2.8)

selection

Low AMH 2 (0.7) 0 (0) 2(1.4)

Other 10 (3.3) 5(3.2) 534

Abbreviations: PCOS, polycystic ovary syndrome; PGD, preimplantation genetic diagnosis; AMH,
anti-Mullerian hormone.
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Table 3 Outcome of Embryo Transfer and Related Factors to Unsuccessful Embryo Transfer

Variables Total n (%) Embryo Transfer COR (95% CI) p value
Unsuccessful | Successful

Frozen ET

No 268 (89.3) 137 (51.1) 131 (48.9) Ref

Yes 32 (10.7) 18 (56.3) 14 (43.8) 1.23 (0.59-2.57) | 0.709

Presence of blood

No 224 (74.7) 104 (46.4) 120 (53.6) Ref

Yes 76 (25.3) 51 (67.1) 25 (32.9) 2.35 (1.36-4.06) | 0.002

Presence of mucus

No 222 (74) 107 (48.2) 115 (51.8) Ref

Yes 78 (26) 48 (61.5) 30 (38.5) 1.72 (1.02-2.91) | 0.049

Use of stylet

No 255 (85) 126 (49.4) 129 (50.6) Ref

Yes 45 (15) 29 (64.4) 16 (35.6) 1.86 (0.96-3.58) | 0.075

Use of tenaculum

No 264 (88) 129 (48.9) 135 (51.1) Ref

Yes 36 (12) 26 (72.2) 10 (27.8) 2.72 (1.26-5.87) | 0.012

Use of uterine sound /dilator

No 281 (93.7) 141 (50.2) 140 (49.8) Ref

Yes 19 (6.3) 14 (73.7) 5 (26.3) 2.78 (0.98-7.93) | 0.058

Catheter type used

Curved cook 296 (98.7) 153 (51.7) 143 (48.3) Ref

Other* 4 (1.3) 2 (50) 2 (50) 0.94 (0.13-6.72) | 1.00

Day of transfer

Day 2 75 (25) 42 (56) 33 (44) Ref

Day 3 201 (67) 101 (50.2) 100 (49.8) 0.79 (0.47-1.35) | 0.395

Day 4 23 (7.7) 12 (52.2) 11 (47.8) 0.86 (0.34-2.19) | 0.747

Day 5 I (0.3) 0 (0) 1 (100) 0 (0) 1.00

Note: *This includes double cook, Gyne flex, and Labotect catheter.
Abbreviations: ET, embryo transfer; COR, crude odds ratio; Cl, confidence interval.

was no significant association between the outcome of ET and whether the embryo was frozen, the use of a stylet, the use

of uterine sound/dilator, or the catheter type.

Predictive Factors of Pregnancy Failure After Embryo Transfers
Variables that with a level of significance p < 0.1 from the univariate analysis were included in the regression model in order to

control for possible confounding factors, which included the presence of mucus or blood, the use of tenaculum, stylet, or

uterine sound/dilator. The only significant predictor for unsuccessful IVF-ET was the presence of blood (AOR =2.21, 95% CI

1.04 to 4.66, p = 0.038). The presence of mucus, the use of tenaculum, stylet, or uterine sound/dilator were not significant

predictors in the regression model. Table 4 shows the regression model results for an unsuccessful IVF-ET prediction.

Table 4 The Results of Regression Model for Embryo Transfer Failure

Variables AOR 95% Confidence Interval p value
Blood 2.21 1.04—4.66 0.038
Mucus 0.90 0.44-1.85 0.779
Stylet 0.51 0.15-1.73 0.279
Tenaculum 2.65 0.64-10.92 0.179
Uterine sound /dilator 1.73 0.52-5.72 0.372

Abbreviation: AOR, adjusted odds ratio.
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Discussion

The aim of this study was to evaluate the procedure of embryo transfer and investigate the factors that influence its
outcome at a tertiary care teaching hospital between 2011 and 2021. Our results found that less than half of the
participants had successful IVF embryo transfer that resulted in clinical pregnancy. The most common instrument used
was the stylet, followed by the tenaculum and uterine sound /dilator. Furthermore, the presence of blood during embryo
transfer was associated with higher rates of unsuccessful cycles.

Maternal age is considered a major risk factor for early pregnancy loss.” This is due to the fact that as females age,
their oocyte quality declines.? This is evident in the substantial loss of mitochondria in the oocytes, which may result in
impaired chromosomal meiosis, hence increasing the probability of embryo aneuploidy.'® Several studies have shown
that maternal age influences the outcome of embryo transfer.”'""'?> However, in our study, there was no significant
association between maternal age and ET outcome. We hypothesize this finding is due to the small sample of our study,
as it included 300 cycles only. Moreover, although the mean BMI for successful and unsuccessful embryo transfer groups
was 28.78 and 31.54, respectively, it did not reach statistical significance. Similar results were found in different studies,
such as in a study conducted by Xu et al on 22,413 IVF cycles.!' However, the effect of obesity on the outcome of
assisted reproduction technology cannot be overlooked. High BMI is associated with higher doses of gonadotropins, risk
of hyperstimulation syndrome, miscarriage, higher cancellation rates, and lower oocyte recovery.'> "> Furthermore, as
shown in our sample, no significant relationship was established between the cause of infertility and ET outcome. One
plausible explanation is our inclusion of cases only with 1 embryo grade 1.

The univariate analysis found that the presence of blood, mucus, or the use of tenaculum during the procedure had
a higher probability of unsuccessful IVF-ET. When calculating the linear regression analysis to predict the impact of the
possible cofounding factors, including the presence of blood, mucus, using tenaculum, stylet, or uterine sound/dilator. We
found that the presence of blood during ET is an important predictor of the IVF-ET outcome. One reason behind our
finding could be that the presence of blood on the transfer catheter indicates subclinical infection, such as bacterial
vaginosis, which causes cervical friability.'® Other causes include traumatic contact with the cervix or the endometrium,
resulting in bleeding.!” Our findings supported the results of prior studies.'®'®!'? Thus, it is recommended to perform
embryo transfer under atraumatic conditions without the presence of blood or mucus to increase the likelihood of
implantation.”’ However, several studies have shown that there is no relationship between the presence of blood on the
transfer catheter and the chances of pregnancy.®?'** These conflicting findings may be a result of the lack of universally
comparable definitions that permit in-depth comparisons.*

The presence of mucus on the transfer catheter is still a subject of controversy. Several studies have shown that mucus
can significantly impact the outcome of assisted reproductive technology (ART) by causing mechanical obstruction of the
catheter opening, resulting in embryo retention.'”**?* In our study, however, the linear regression model showed that
there was no significant association between the presence of mucus during embryo transfer and the success of IVF-ET.
This observation aligns with what other studies have found.'®*® Moreover, the American Society for Reproductive
Medicine (ASRM) has concluded that the appearance of mucus on the transfer catheter is not related to a reduced
likelihood of clinical pregnancy or live birth. The study involved the transfer of 89.3% fresh embryos, with the
remaining 10.7% consisting of frozen embryos. The findings of a recent study indicate that there is no discernible
difference in cumulative live birth rates between fresh and frozen transferred embryos.*’

It is widely known that the pregnancy rate after embryo transfer primarily relies on the clinical and embryonic
characteristics; however, the procedure of embryo transfer should also be taken into account.?® This is supported by the
study conducted by Morin et al, who found that the operator performing the transfer has a significant impact on the live
birth rate even though embryonic factors are controlled by using euploid blastocyst transfer.>” Furthermore, it was shown
that operator experience was not associated with a better outcome.”*° In our study, the linear regression model
demonstrated that use of additional instruments, including stylet, tenaculum, and sound/dilator, did not influence the
outcome of ET. Although no significant association was seen, this finding is of paramount importance because it
highlights that the procedure of ET is operator dependent. This means that physicians who are skilled and familiar

with the use of these instruments and can perform the procedure under atraumatic conditions without bleeding, hence
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having a better chance of success with ET. Further studies are required to confirm this plausible explanation. It is
important to consider non-invasive prenatal diagnosis (NIPT) during the first trimester of pregnancy. In a narrative
review, NIPT was found to be a valuable tool for screening or even diagnosing chromosomal and monogenic diseases,
reducing the need for invasive procedures.’’ Moreover, a recent study has posited that the prospective integration of
artificial intelligence into assisted reproduction technology processes might potentially serve as a valuable instrument for
prognosticating the clinical outcome, utilizing known parameters, and facilitating the strategic formulation of treatment
modalities for individuals experiencing infertility.*?

The authors acknowledge that this study is not without limitations. First, our study is limited by its single-center
retrospective design. Moreover, our sample size is relatively small compared to prior studies.™'® This is due to the fact
that there were many missing files which were excluded and during the first two years of the COVID-19 pandemic there
where suspension of reproductive treatment and various degrees of lockdown and medical resource redistribution
resulted in restricted access to and availability of such services in Jordan.>® Another limitation is the lack of universal
definitions and standardized protocols that allow for reliable comparisons between studies in different institutions.*
However, we believe that our study demonstrated significant findings that will provide a reference basis for further large-
scale multi-center prospective studies in order to deepen our understanding of how different factors can influence the
procedure of IVF-ET. In addition, we recommend future studies to consider endometrial thickness which is often used as
an ultrasonic marker for receptivity.

Conclusion

Our study provides preliminary evidence that the presence of blood after embryo transfer is a significant predictor for
unsuccessful cycle. In addition, using additional instruments was not associated with an increased risk of a negative
outcome of embryo transfer. However, we hypothesize this finding is due to the procedure of embryo transfer being
operator dependent. Therefore, this study suggests that performing the procedure in an atraumatic setting without
resulting in bleeding is crucial. We anticipate that our study may help infertility care professionals who are coping
with similar challenges to improve care provision and clinical results for these patients.
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