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Abstract

Objective: To investigate the impact of the uterine corpus inclination on pregnancy outcomes in in vitro fertilization and embryo

transfer (IVF-ET). Design: Retrospective cohort study. Setting: University-based reproductive medicine center. Population:

526 patients underwent their first frozen embryo transfer (FET) cycle. Methods: All patients underwent transvaginal ultrasound

examination to measure the distance from the midline of uterine cavity to the ultrasound probe, which indirectly reflect

the uterine corpus inclination. The uterine corpus tends toward the horizontal position as the average distance increases.

Multivariable regression analysis was used to study the effect of the uterine corpus inclination on pregnancy outcomes, even in

different embryo stage cohorts as subgroup analysis. Main outcomes measures: Clinical pregnancy rate (CPR), spontaneous

abortion rate, and live birth rate (LBR). Results:The patients were grouped according to the quartiles of the average distance

distribution (Group 1, [?] 1.98 cm; Group 2, 1.99-2.19 cm; Group 3, 2.20-2.50 cm; Group 4, [?] 2.51 cm). There were statistically

significant differences in the CPR and LBR between Groups 1 and 4 in the cleavage-stage ET cohort (CPR: adjusted odds ratio

[OR] 0.225, 95% confidence interval [CI] 0.068-0.774; LBR: adjusted OR 0.315, 95% CI 0.100-0.996) (P < 0.05). There were no

significant differences among the four groups in pregnancy outcomes in the blastocyst transfer cohort (P > 0.05). The cut-off

value of 2.146 cm was calculated to predict the pregnancy outcomes in the cleavage-stage ET cohort. Conclusion:The uterine

corpus inclination might be an independent risk factor for the success of cleavage-stage ET

Introduction

In vitro fertilization and embryo transfer (IVF-ET) is a globally utilized form of assisted reproductive tech-
nology, and ET is the final and most essential step thereof 1. During the ET process, the fertilized embryos
are cultured in vitro and placed directly inside the uterine lumen via an ET catheter2. Previous studies
investigating the main factors affecting the implantation rate reported endometrial receptivity and embryo
quality as risk factors 3. However, ET, as the last and probably most underestimated step, has not been
developed as much as the other aspects of the IVF process. Studies have shown that transferred embryos do
not always implant in situ, despite the transfer process being performed under ultrasound guidance 4, 5. The
catheter loading, catheter position, injection speed, uterine peristalsis and patients’ posture during ET may
affect the migration of embryos 4, 6, 7. Poindexter et al. reported that approximately 15% of the transferred
embryos were expelled from the uterine cavity and were found in the cervical os, fallopian tubes, or the
ET catheter 8. Baba demonstrated that approximately 80% of embryos implant in areas to which they
initially are transferred and approximately 20% implant in other areas9. The migration of the transferred
embryos might make detrimental effect on a successful pregnancy, and also predisposes the patient to ectopic
pregnancy 10.

A laboratory simulation of ET into a uterine model demonstrated that the dispersion of the transferred
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. matter depend on the position of sagittal cross-section of the uterine cavity with respect to the horizon6.
However, the in vitro model can not represent the real situation in vivo, and the cleavage stage embryos
and blastocysts might be affected differently by the inclination of uterus due to their different migration
duration before implantation. Therefore, it remains unclear whether the inclination of uterine corpus affects
the pregnancy outcomes of IVF-ET.

This study investigated whether the inclination of the uterine corpus affect the pregnancy outcomes in
IVF-ET, and whether different uterine inclination affect the pregnancy outcomes of embryos at different
developmental stages.

Material and methods

Study population

This was a retrospective study of patients who received IVE-ET treatment from June 2018 to December
2019 at our reproductive medicine center and the study was conducted in accordance with ethical standards
of China Medical University (2021PS014F). We included patients who (1) were undergoing their first FET
cycle due to failure in their fresh ET attempt or adopting a freeze-all strategy in their fresh cycle, (2) were
aged 20-45 years, (3) one or two embryos of good quality or higher for transfer (embryos were evaluated
for cleavage on day 3 based on the Istanbul consensus 11, and blastocyst morphology was evaluated accord-
ing to the Gardner criteria 12), (4) underwent endometrial preparation with hormone replacement therapy
(HRT) in the FET cycles, (5) uterine length 70-80 mm and uterine anteroposterior diameter 20-30mm, (6)
the endometrial thickness on ET day was more than 8mm, and (7) had a uterus in the “anteverted and
anteflexed”, “retroverted and retroflexed”, and “horizontal” positions.

The exclusion criteria were as follows: (1) uterine abnormalities, (2) endometriosis or adenomyosis, (3)
endometrial polyps or uterine myomas, (4) autoimmune, endocrine, or metabolic diseases, (5) previous diag-
nosis of uterine adhesion, (6) history of recurrent miscarriage, (7) chromosomal abnormalities, (8) undergoing
blastocyst biopsy for pre-implantation genetic testing, (9) the endometrial thickness were less than 8mm on
ET day, (10) uterus in the “anteverted and retroflexed” or “retroverted and anteflexed” position, (11) missing
data, and (12) ectopic pregnancy as pregnancy outcome. Total number of patients before inclusion criteria
were 1703. According to inclusion and exclusion criteria, 526 patients who underwent their first FET cycle
were enrolled (Figure S1). Among them, 35 patients failed in their fresh ET attempts and 491 patients
adopted a freeze-all strategy in their fresh IVF cycles. The overall demographic data, IVF characteristics,
and pregnancy outcomes of the whole study population are detailed in Table 1.

Ovarian stimulation protocol, endometrial preparation protocol, ET process, and luteal sup-
port

A personalized controlled ovarian hyperstimulation (COH) protocol was chosen for each patient according
to her age, anti-Müllerian hormone level, body mass index (BMI), number of antral follicles in the bilate-
ral ovaries, and prior response to stimulation13-15. Follicular development was determined by transvaginal
ultrasonography, and the dosages of gonadotropin were adjusted according to different ovarian responses.

When the follicles reached a diameter of more than 17 mm, the trigger was performed for final oocyte
maturation. Oocyte retrieval was performed 36 hours after triggering with transvaginal ultrasound-guided
aspiration.

Endometrial preparation for FET used the HRT cycle, wherein 4-8 mg of estradiol valerate (Progynova,
Bayer, Germany) was administered orally for at least 10 days from the 3rd to 5th days of menstruation to
promote endometrial growth. The cut-off value for endometrial transformation was more than 8 mm. The
embryos were slowly injected 10 mm from the uterine fundus under ultrasound guidance, and the catheter
remained in situ for 3-5 seconds. The patients subsequently stood upright and walked to the rest area, where
they lay in bed for 20-30 min before leaving.

The luteal phase was supported by vaginal administration of progesterone gel (Crinone, Fleet Laboratories

2
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. Ltd., UK) at 90 mg/day, while estradiol was maintained at the original dose. Luteal support was continued
until 11 weeks of gestational age.

Ultrasound measurement of the uterus

Transvaginal ultrasound measurements were performed on the day of ET, using a Voluson E8 (GE, Healthcare
Austria GmbH) equipped with a 46-Hz endovaginal transducer, at 165°. The patients were guided to empty
the bladder and lie supine on the examination table, which was inclined at 30°, in the lithotomy position. The
entire uterine corpus needed to be seen on a longitudinal transvaginal grayscale image, and the ultrasound
probe was placed as close to the uterus corpus as possible without abdominal compression to ensure a
clear image. In order to obtain a clear ultrasound image, we do not guarantee that the ultrasound probe is
horizontal, so the respective ultrasound images we obtained from ultrasonography can not objectively reflect
the inclination angle of the uterine corpus. So we used the vertical distance from the midline of uterine
cavity to the ultrasonic probe to indirectly reflect the inclination degree of uterine corpus. An example of
the calculated average distance was shown in Figure 1b, where the midline of the uterine cavity (from the
anatomic internal cervical os to the fundal endometrium) was divided into four equal parts and the vertical
distances were measured from each split point to the ultrasound probe (five lines in total); the average
distance was calculated according to the average of the sum of the five lines. The schematic in Figure 1
illustrated the smaller average distance from the midline of uterine corpus to the ultrasonic probe, the
greater inclination of the uterine corpus was. Conversely, the greater average length from the midline of
uterine cavity to the ultrasound probe, the more the uterine corpus tended toward the horizontal position.
All measurements were performed by two experienced doctors.

Statistical analysis

The pregnancy outcomes in our study included the clinical pregnancy rate (CPR), spontaneous abortion
rate (SAR), and live birth rate (LBR). Clinical pregnancy was defined as detection of a gestational sac on
ultrasound at 7 gestational weeks16. In China, spontaneous abortion is defined as the spontaneous loss of a
clinical pregnancy < 28 gestational weeks, and live birth as the survival of delivery [?] 28 gestational weeks.

The patients were divided into four groups according to the 1st, 2nd, and 3rd quartiles of the overall average
distance distribution, which represent different uterine corpus inclinations (Group 1, [?] 1.98 cm, n = 131;
Group 2, 1.99-2.19 cm, n = 133; Group 3, 2.20-2.50 cm, n = 130; Group 4, [?] 2.51 cm, n = 129).

Multivariable logistic regression models were calculated for the whole cohort, with the uterine corpus incli-
nation as the main variable of interest. The potential risk factors entered into the multivariable regression
model were those that showed clinical relevance or those with a P value < 0.2 on univariate analysis. The
included variables were carefully selected based on the number of events available to ensure the stability of
the regression equation. Adjusted odds ratios (OR) and their 95% confidence intervals (CI) were calculated
to analyze the independent effect of the uterine corpus inclination on the pregnancy outcomes. As the mi-
gratory duration before implantation differed between cleavage-stage embryos and blastocysts, we analyzed
the two stages separately. The number of cleavage ET cohort was 126, and the number of blastocyst transfer
cohort was 400.

The second aim of the study was to determine the cut-off point for the average distance that would predict
pregnancy outcomes. Receiver operating characteristic (ROC) curves were used to estimate the sensitivity
and specificity of the average distance for predicting pregnancy outcomes. P < 0.05 was considered to
indicate statistical significance. All statistical analyses were performed using IBM SPSS 26.0 (IBM Corp.,
Armonk, NY, USA).

Results

The calculated distance distribution of the whole cohort ranged from 1.410 to 3.962 cm. The average distance
ranges of the four groups were as follows: Group 1, [?] 1.98 cm; Group 2, 1.99-2.19 cm; Group 3, 2.20-2.50
cm; Group 4, [?] 2.51 cm, which represented different inclination degrees of uterine corpus. The description
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. of pregnancy outcomes of the entire cohort, cleavage-stage ET cohort, and blastocyst transfer cohort in the
different inclination groups are detailed in Figure S2.

Multivariable logistic regression analysis on uterine corpus inclination and potential risk factors
for pregnancy outcomes in the entire cohort

Multivariable logistic regression analysis of the entire cohort demonstrated that there was a statistically
significant difference in CPR between Groups 4 and 1 [adjusted OR 0.501, 95% CI 0.292-0.859 (P < 0.05)],
which adjusted for maternal age, BMI, insemination method, outcomes of fresh cycle, number of embryos
transferred, embryo stage, and causes of infertility. There were no statistically significant differences in
the CPR between Groups 2 and 1 (adjusted OR 0.801, 95% CI 0.465-1.379) or Groups 3 and 1 (adjusted
OR 0.806, 95% CI 0.463-1.403). No statistically significant differences were found on SARs (adjusted for
maternal age and BMI) and on LBRs (adjusted for maternal age, BMI, insemination method, outcomes of
fresh cycle, number of embryos transferred, embryo stage, and causes of infertility) between the four groups
(P > 0.05) (Table S1).

Multivariable logistic regression analysis on uterine corpus inclination and potential risk factors
for pregnancy outcomes in the cleavage-stage ET cohort

Multivariable logistic regression analysis on the cleavage-stage ET cohort demonstrated that there were
statistically significant differences in CPR and LBR between Group 4 and Group 1 (CPR, adjusted OR,
0.225, 95% CI, 0.068-0.774; LBR, adjusted OR, 0.315, 95% CI, 0.100-0.996) (P < 0.05), when adjusted for
maternal age, BMI, number of embryos transferred, embryo stage, and infertility cause of ovulatory disorders
and male factors. No statistically significant differences were found in the CPRs and LBRs between Groups
2 and 1 or Groups 3 and 1 (P > 0.05) (Table 2).

Multivariable logistic regression analysis on uterine corpus inclination and potential risk factors
for pregnancy outcomes in the blastocyst transfer cohort

Multivariable logistic regression analysis demonstrated that the inclination of the uterine corpus was not an
independent risk factor for pregnancy outcomes in the blastocyst transfer cohort (P> 0.05) (Table 3).

ROC analyses on the cleavage-stage ET cohort

ROC analysis was performed on the cleavage-stage ET cohort, and the ROC curve for the average distance
between the midline of the uterine cavity and the ultrasound probe indicated that the cut-off value of 2.146
cm showed 77.2% sensitivity and 52.2% specificity in predicting clinical pregnancy, with an area under the
ROC curve of 0.667 (P = 0.001). Additionally, the cut-off value of 2.146 cm showed 72.1% sensitivity and
51.7% specificity in predicting live birth, with an area under the ROC curve of 0.632 (P = 0.011) (Figure
S3).

Regrouping based on the cut-off value to investigate whether embryo stages were an indepen-
dent risk factor for pregnancy outcomes

Multivariable logistic regression analysis on the cohort with an average distance under 2.146 cm demonstrated
no statistically significant differences in the CPR and LBR between the blastocyst transfer and cleavage-stage
ET groups (CPR: adjusted OR 2.165, 95% CI 0.284-16.494; LBR: adjusted OR 1.494, 95% CI 0.225-9.908;
P > 0.05), which were adjusted for maternal age, BMI, outcomes of the COH cycle, insemination method,
number of embryos transferred, and infertility causes.

Multivariable logistic regression analysis on the cohort with an average distance [?] 2.146 cm demonstrated
that the CRP and LBR of the blastocyst transfer group were significantly higher than those of the cleavage-
stage ET group (CPR: adjusted OR 9.834, 95% CI 2.035-47.526; LBR: adjusted OR 4.135, 95% CI 1.063-
16.083) (P < 0.05) (Tables S2, S3).

Discussion

Main findings:
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. This study showed that the inclination of uterine corpus might be an independent risk factor for the success
of cleavage stage embryo transfer population. The more the uterine corpus tended to horizontal position, the
lower the CPR and LBR of the cleavage-stage ET group. However, blastocyst transfer were not affected by
the uterine corpus inclination. Moreover, there were no significant difference in pregnancy outcomes between
cleavage stage embryo transfer and blastocyst transfer when the inclination of uterus was larger; when the
uterus tends to the horizontal position (small uterus inclination ), the CPR and LBR of blastocyst transfer
group were significantly higher than that of cleavage stage embryo transfer group. These findings suggest
that active blastocyst transfer should be advised for the uterus tending toward the horizontal position,
avoiding the influence of uterine position on pregnancy outcomes; for the patients with a uterus with greater
inclination who have fewer embryos, blastocyst transfer should be avoided because of its non-superiority, to
prevent the loss of precious embryos in the cultivation process 17

.

Strengths and limitations

To our knowledge this is the first cohort study to investigate the relationship between uterine corpus incli-
nation and pregnancy outcomes of IVF-ET. To avoid the influence of COH on the endometrial receptivity
and the interference of cumulative pregnancy rate, we only selected patients undergoing their first FET
cycle and who used HRT for endometrial preparation. We excluded cases with adenomyosis, myoma, and
“anteverted and retroflexed” and “retroverted and anteflexed” uteri, and limited size of uterus in the in-
cluded patients, because these gynecological diseases and the associated cervical distortion would increase
the distance between the midline of uterine cavity and the ultrasonic probe, which would not objectively
reflect the inclination of the uterine corpus in our calculated method.

The main limitation of this study lies in the method of measuring the uterine corpus inclination. In order to
get a clear image, we would rotate the ultrasound probe to make the ultrasound probe as close as possible
to the uterine corpus, and we couldn’t guarantee that the ultrasonic probe kept horizontal when we did the
ultrasound examination. Therefore, we couldn’t get the actual uterine inclination angle in our retrospective
ultrasound images. A great quantity of clinical work in our experience we found that the more horizontal
the uterus, the farther the distance from the uterine cavity to the ultrasound probe, so we used the average
distance from the midline of uterine cavity to the ultrasound probe to indirectly reflect the uterine corpus
inclination. We tried to use the average distance of three, five, and eleven lines to represent the distance,
and we found that the average distance of five lines and eleven lines gave very similar results, while the
average values of three lines differ. We therefore selected five lines to represent the distance to simplify our
measurement. Although we did not give an accurate method to measure the tilt angle of uterine corpus,
this measurement method could be applied to our retrospective images, and it could also truly reflect the
uterine inclination degree. Other limitations of this study lies in its retrospective nature and the possibility
of unmeasured confounding factors, such as smoking habits and alcohol consumption.

Interpretation

The natural position of the uterus depends on the uterine ligament and the pelvic floor muscles and fascia. It
affects the incidence of some gynecological diseases and postoperative complications. A study in 1987 reported
that retroversion of uterus was positively correlated with the occurrence of endometriosis 18. Ante-version
and retroversion of uterus are more likely to suffer from chronic pelvic pain, dyspareunia and dysmenorrhea
19, and a higher angle of flexion was associated with increased menstrual pain20. Cesarean section scar
diverticulum is more prevalent in patients with a retro-flexed uterus than in those with an ante-flexed uterus
21. Retroversion of uterus was significantly associated with occurrence of intraoperative complications such
as uterine perforation during curettage 22, 23. The pathogenesis of all these diseases is related to the physical
aspect and anatomical characteristics of the uterus. IVF is a non-physiological process and ET is an human
operated invasive procedure, we believe that the uterine corpus inclination might be an independent risk
factor for implantation of the cleavage-stage embryos.

Our results demonstrated that the more the uterine corpus tends to horizontal position, the lower the CPR
and LBR of the cleavage-stage ET group. This result is in consist with the conclusion of laboratory model in
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. vitro which demonstrated that the transfer liquid is more likely to be pulled backward toward the cervix in the
uterus with horizontal position, which may make adverse effect on pregnancy rate6. However, the CPR and
LBR of the blastocyst transfer cohort were not affected by the inclination of uterus in this study. We speculate
that it may be related to the different migration duration of the two kinds of embryos before implantation.
The cleavage-stage embryos need to migrate for 3-4 days before implantation 6, whereas the blastocysts
implant immediately after deposition24. We hypothesized that the longer the embryo migration duration,
the more likely the embryo migration trajectory was affected by the reduced inclination of the uterine corpus;
moreover, the grafts might flow downward under the influence of gravity in a less inclined uterus, so that
the embryos might leave the optimal implantation position and affect pregnancy outcomes. In addition,
this study demonstrated that the pregnancy outcomes were not statistically difference between anteverted
uteri and retroverted uteri (OR 1.030, 95% CI 0.677-1.568), which was consistent with the prospective study
conducted by Egbase et al. 25.

Our results contradict the previous understanding that the pregnancy rate of blastocyst transfer is always
higher than that of cleavage-stage ET 26. We found no significant difference in the CPR, SAR and LBR
between the cleavage-stage ET and blastocyst transfer cohorts when the distance was under 2.146 cm (which
represent a more tiled uterus). In contrast, when the distance exceeded 2.146 cm (which represent a uterus
more tend to horizontal position), the CPR and LBR of the blastocyst transfer cohort was significantly
higher than that of the cleavage-stage ET cohort. This indicates that active blastocyst transfer should be
advised for patients with a uterus tending toward the horizontal position, avoiding the influence of uterine
position on pregnancy outcomes. For the patients with a uterus with greater inclination and fewer embryos,
blastocyst transfer should be avoided because of its non-superiority, to prevent the loss of precious embryos
in the cultivation process 17..

This study has made a potential contribution to the effect of uterine corpus inclination on embryo implanta-
tion in IVF-ET. A multicenter randomized controlled trial with a more accurate measurements are needed
to further confirm this conclusion, and that is what we are doing right now.

Conclusions

The inclination of uterine corpus might affect the pregnancy outcomes of IVF-ET. Individual embryo transfer
protocol for different uterus anatomy characteristics is recommended for improving this technology.
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      Figure 1a
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      Figure 1b
.

  Figure 1. The schematic of different uterine corpus inclination (Figure 1a) and the corresponding ultrasonic image (Figure 1b), the 
  measurement method was shown on the ultrasonic image (Figure 1b) (anteversion of  uterus as the example).

Measurement method of uterine corpus inclination: the vertical distance from the uterine cavity to the ultrasonic probe was used as a parameter to evaluate
the uterine corpus inclination, the greater the average length is, the more the uterine corpus toward the horizontal position.
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