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Abstract

Objective—To evaluate if ICSI use and estradiol on the final day of ART stimulation are 

associated with adverse obstetric complications related to placentation.

Design—Retrospective cohort study.

Setting—Large private ART practice.

Patients—383 women who underwent ART resulting in a singleton live births.

Interventions—None.

Main outcome measures—Adverse placental outcomes composed of placental accreta, 

placental abruption, placental previa, intrauterine growth restriction, preeclampsia, gestational 

hypertension and small for gestational age infants.

Results—Patients with adverse placental outcomes had higher peak serum estradiol levels and 

were three times more likely to have used ICSI. Adverse placental outcomes were associated with 

increasing estradiol (OR 1.36, 95% CI 1.13–1.65) and ICSI (OR 3.86, 95%CI 1.61–9.27). Adverse 

outcomes increased when estradiol was over 3000 pg/ml and continued to rise in a linear fashion 

until estradiol was over 5000 pg/ml. The association of ICSI with adverse outcomes was 

independent of male factor infertility. Interaction testing suggested the adverse effect of estradiol 
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was primarily seen in ICSI cycles, but not in conventional IVF cycles. Estradiol over 5000 pg/ml 

was associated with adverse placental events in 36% of all ART cycles and 52% of ICSI cycles.

Conclusion—ICSI and elevated estradiol on the day of hCG trigger were associated with 

adverse obstetric outcomes related to placentation. The finding of a potential interaction of 

estradiol and ICSI with adverse placental events is novel and warrants further investigation.

Capsule

High serum estradiol on the last day of ART stimulation was associated with adverse obstetric 

outcomes related to placentation with ICSI, but not conventional IVF.
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Introduction

Assisted Reproductive Technology (ART) use in the United States has continued to increase 

from 2004 to 2013, with the number of infants more than doubling. Over 66,000 infants 

were born in 2013 with the use of ART, approximately 1% of all live births in the United 

States (1). However, ART is not without risks. It is known that ART is associated with 

increased risk of chromosomal abnormalities, small for gestational age (SGA) and low birth 

weight (LBW) infants, preterm labor (PTL), preterm delivery (PTD), preterm premature 

rupture of membranes (PPROM), intrauterine growth restriction (IUGR), gestational 

hypertension, preeclampsia, placenta previa, placental abruption, gestational diabetes and 

cesarean delivery. The majority of these complications are primarily attributed to the 

increased risk of multiple gestations with ART (2 – 15). However, studies have shown that 

most of these risks remain elevated compared to spontaneously conceived pregnancies, even 

when there is a singleton pregnancy conceived through ART (12, 21, 33).

Many factors contribute to the success or failure of ART cycles, but most endpoints of 

studies on ART parameters in our current literature examine clinical pregnancy or live birth. 

Unfortunately, there are very few studies on the effect of ART parameters on clinical 

obstetrical complications as well as a dearth of knowledge at the molecular level of these 

parameters on the developing placenta. There are many ART parameters that could 

adversely affect implantation (all or nothing effect) or placentation (exaggerated or 

insufficient invasion of the trophectoderm).

Insufficient trophoblastic invasion at the time of implantation has been implicated as a 

possible cause of later obstetrical complications such as preeclampsia, premature preterm 

rupture of membranes (PPROM), preterm delivery (PTD), and intrauterine growth restriction 

(IUGR) resulting in small for gestational (SGA) infants (16). There is evidence that 

abnormal placentation occurs due to decreased trophoblastic invasion of the decidual and 

myometrial spiral arteries and aberrant cell survival and apoptosis (17, 18). If severe enough, 

the continued insult to the placenta can lead to IUGR, SGA, preeclampsia, and/or placental 

abruption (18). On the other hand, excessive trophoblastic invasion is thought to be 
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associated with placenta accreta/increta/percreta through the decidua or the absence of an 

adequate decidua formation (16, 19).

One theory to explain the increased risks is that abnormal placentation is mediated by 

elevated estradiol levels at the time of implantation, thus adversely affecting trophoblastic 

invasion of the endometrium. Bonagura et al. demonstrated suppressed extravillous 

trophobastic spiral arterial invasion in the presence of elevated estradiol levels during the 

first trimester of baboon pregnancies (20). A study by Kalra et al. showed that 

supraphysiologic levels of sex steroid hormones prior to embryo implantation appeared to 

contribute to the risk of low birth weight and other disorders of abnormal placentation (10). 

Additionally, recent studies by Farhi et al. and Imudia et al. suggest that elevated peak 

estradiol levels during ART, even in singleton pregnancies, increased the risk of abnormal 

placentation without adversely affecting embryo implantation, pregnancy, or abortion risk 

(12, 21).

However, a fundamental objective of controlled ovarian hyperstimulation is supraovulation 

with coincident supraphysiologic hormonal milieu. The highest ovarian responses are often 

seen in the most fertile females (e.g. male factor infertility and oocyte donors). We examined 

if estradiol was associated with obstetrical outcomes to better understand the mechanism of 

the elevated risks for adverse pregnancy outcomes.

Materials and Methods

Study Design

A retrospective cohort study was conducted at the largest United States military academic 

medical center with IRB approval. All fresh ART cycles from January 2010 to December 

2013 were reviewed. Data was collected to include age, baseline levels for follicle 

stimulating hormone (FSH), peak estradiol on the final day of ART stimulation, infertility 

diagnosis, and the number of embryos transferred. Pregnancy outcomes were collected to 

include preterm delivery, birth weight, presence of gestational hypertension or preeclampsia, 

preterm premature rupture of membranes, intrauterine growth restriction, placental 

abruption, placenta previa and placenta accreta/increta/percreta. Adverse obstetric events 

were defined as:

– Preterm delivery (PTD) was a birth <37 weeks gestation.

– Small for gestational age (SGA) was birth weight < 10th percentile for 

gestational age using standard curves

– Gestational hypertension (GHTN) was elevated systolic blood pressures ≥140 

mmHg or diastolic blood pressures ≥90 mmHg after 20 weeks gestation

– Preeclampsia was hypertension with presence of proteinuria or clinical features

– Intrauterine growth restriction (IUGR) was an overall estimated fetal weight 

<10th percentile or abdominal circumference of fetus <10th percentile 

calculated from ultrasound evaluation using standard curve for gestational age
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– Placental abruption was diagnosed clinically from medical records and 

placental pathology

– Placenta previa, accreta, increta or percreta was diagnosed by ultrasound and 

confirmed after delivery

The primary outcome was the composite risk of any adverse obstetric outcomes related to 

placentation. This included gestational hypertension, preeclampsia, IUGR/SGA, PPROM, 

placental abruption, placenta previa along with placenta accrete, increta or percreta. 

Secondary outcomes measures were rates of implantation, live birth rates, and preterm 

delivery rates.

Patients

ART records from 2010 – 2013 were evaluated for a singleton live birth. Patients with a 

singleton pregnancy noted by one gestational sac and fetal pole present during first trimester 

ultrasound were included after a fresh ART cycle with records available in the electronic 

medical record. Patients were only included one time during the study period. Exclusion 

criteria were:

I. Any factors that could potentially affect implantation such as a fibroid 

uterus;

II. Hydrosalpinx or any other congenital uterine anomalies;

III. Any chronic diseases that could affect the course of the pregnancy such as 

diabetes mellitus, autoimmune diseases, or hypertension;

IV. Any history of pregnancy complications in previous pregnancies including 

gestational hypertension or preeclampsia, placental abruption, placenta 

previa, cesarean delivery, preterm delivery, and or placenta accrete, increta 

or percreta.

V. PGS cycles were excluded since all biopsied embryos are vitrified in our 

program.

Male factor infertility was assigned as a diagnosis if semen analysis on two separate 

occasions showed a sperm concentration <15 million/ml, motility <40%, or morphology 

<4%.

Stimulation Protocol

All patients undergoing ART underwent conventional IVF or ICSI. Ovarian stimulation was 

achieved using mixed FSH/LH protocols under pituitary suppression with either GnRH-

antagonist or GnRH-agonist. Oral contraceptive treatment was typically started at least 21 

days prior to the start of ovarian stimulation. During GnRH-antagonist (Ganirelix, Merck) 

cycles, Ganirelix was given when the lead follicle reached 14mm in mean diameter size. For 

GnRH-agonist cycles, 20 units (1 mg) of leuprolide acetate (Lupron, TAP Pharmaceuticals) 

was administered during the last 7 days of oral contraceptives. When ovarian suppression 

was confirmed, the Lupron dose was decreased to 5 units (0.25 mg).
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Recombinant FSH (follitropin-alfa) (Gonal-F, EMD Serono) and human menopausal 

gonadotropin (Menopur, Ferring Pharmaceuticals) were used for ovarian stimulation. Final 

oocyte maturation was triggered with 10,000 international units of human chorionic 

gonadotropin (hCG) when the lead follicle was greater than or equal to 18 mm (mean) 

diameter. For those with GnRH-antagonist cycles at risk of ovarian hyperstimulation 

syndrome (OHSS), 4 mg of Lupron was administered for oocyte maturation. Ultrasound-

guided transvaginal oocyte retrieval was carried out 36 hours later. ICSI was performed in 

couples with severe oligospermia <5 million total motile sperm, abnormal sperm 

morphology of <4%, unexplained infertility >2 years, 24 hour sperm survival of <50%, or 

prior poor fertilization with conventional IVF (22). Otherwise conventional IVF was 

performed. Embryos were transferred using transabdominal ultrasound guidance either 3 or 

5 days after oocyte retrieval using the embryo afterload technique (23). If there were ≥3 high 

grade embryos on day 3, embryos were cultured to the blastocyst stage and transferred on 

day 5. When only 1 or 2 high grade embryos were available, a day 3 embryo transfer was 

performed. The number of embryos transferred was based on ASRM guidelines. Single 

embryo transferred was mandatory for patients <38 years old, with a good quality 

blastocysts, undergoing their 1st IVF cycle. Luteal support was provided with either 50 mg 

of progesterone-in-oil (Freedom Pharmacy, Bayfield, MA, USA) once daily starting on the 

night of oocyte retrieval or with 100mg of vaginal progesterone (Endometrin, Ferring 

Pharmaceuticals, Parsippany, NJ, USA) three-times daily starting the day after oocyte 

retrieval. Luteal support was provided until 10 weeks estimated gestational age.

Statistical Analysis

Differences between groups for dichotomous outcomes were analyzed with Chi-Squared or 

Fisher’s exact tests as appropriate. Normality of data was assessed with Shapiro-Wilks test. 

Continuous variables were analyzed with Student’s t-test and Mann Whitney tests as 

appropriate. Generalized estimating equations (GEE) were used to evaluate the association 

of peak estradiol with obstetrical outcomes. Adjusted GEE modeling used to account for all 

significant confounders. GEE models were used to perform interaction tests on the 

relationship between peak estradiol with IVF vs. ICSI and adverse placental outcomes. 

Receiver operating characteristic (ROC) curves evaluated the ability of peak estradiol and 

ICSI to predict adverse obstetric outcomes. Greater than efficiency curves were generated to 

assess at what peak estradiol threshold adverse obstetric events began to increase. Data was 

expressed as the mean ± standard deviation for normally distributed data and median with 

interquartile range for non-normally distributed data. Statistical analyses were performed 

using the Statistical Package for Social Sciences (SPSS, IBM, Armonk, NY). Statistical 

significance was defined as P< 0.05.

Results

During the study period, a total of 1595 consecutive ART cycles resulted in 466 singleton 

live births. Of these births, 383 patients met inclusion criteria. Of those patients, 283 patients 

underwent ICSI and 100 patients underwent conventional IVF. On average 1.7 embryos 

were transferred per cycle resulting in a pregnancy. The majority of cycles had two embryos 

transferred and 33% of cycles had a single embryo transfer. All included cycles had a single 
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gestational sac on ultrasound. A total of 63 patients (16%) developed an adverse obstetric 

complication potentially related to the placenta. These outcomes occurred in 6 patients in the 

IVF cohort and 57 in the ICSI cohort. There were 8 preterm deliveries, 8 IUGR, 13 GHTN, 

23 pre-eclampsia, and 32 SGA pregnancies. In 15 pregnancies, multiple complications were 

diagnosed. There was no difference in age or basal FSH between patients who had an 

adverse event versus those who did not (Table 1). Patients with adverse placental outcomes 

had a higher peak estradiol and use of ICSI (Table 1). A diagnosis of male factor infertility 

was similar between the two groups.

GEE models demonstrated that adverse placental outcomes were significantly associated 

with peak estradiol (OR 1.36, 95% CI 1.13–1.65, P < 0.001) and ICSI (OR 3.86, 95%CI 

1.61–9.27, P=0.002) (Table 2). These predictors remained significantly associated with 

adverse placental outcomes after adjustment with each other, age, and male factor infertility. 

A GEE model testing the interaction of estradiol and IVF versus ICSI on adverse placental 

outcomes was significant (P<0.001), indicating that estradiol interacts differently with 

outcomes in IVF versus ICSI cycles. No other variables in the analysis were associated with 

adverse outcomes (Table 2). In addition to being associated with composite placental 

outcomes, peak estradiol was also individually associated with SGA, GHTN, and pre-

eclampsia (Supplemental Table 1). ICSI was associated with SGA (Supplemental Table 1). 

Adverse placental outcomes were not associated with male factor infertility (OR 1.27, 

95%CI 1.27–2.20, P=0.38) or assisted hatching (OR 1.08, 95%CI 0.92–1.27, P=0.30). For 

every 1000 pg/ml increase in estradiol, birth weight decreased by 33 grams (95%CI 2 – 65 

grams). Birth weight was similar in the IVF and ICSI groups (3288 grams versus 3243 

grams, P=0.35)

Greater than efficiency curves were plotted to determine estradiol thresholds at which 

adverse placental outcomes began to increase (Figure 1A). Adverse outcomes did not begin 

to rise in the overall cohort until estradiol was over 3000 pg/ml and there was a steady rise in 

adverse outcomes at each threshold above that point. Adverse outcomes peaked at 35% of 

cycles with an estradiol over 5000 pg/ml. The same efficiency curves were then generated 

separately for IVF and ICSI cycles (Figure 1B). Adverse outcomes remained rare and never 

increased over 6% in IVF cycles, regardless of estradiol levels. Conversely, adverse events 

began to increase in ICSI cycles when the estradiol was over 3000 pg/ml and were over 50% 

occurrence when estradiol was over 5000 pg/ml. To determine if estradiol thresholds 

affected different types of placental disorders differently, greater than efficiency curves were 

also generated separately for all adverse events, hypertensive disorders, growth disorders, 

and placenta percreta or acreta or abruption (Supplemental Figure 1). Placenta percreta, 

accreta or abruption remained rare across all estradiol thresholds, suggesting increased 

placenta invasion is not related to the degree of ovarian stimulation. Hypertensive and 

growth disorders both became more frequent as estradiol rose above 3000 pg/ml and 

continued to rise as estradiol increased (Supplemental Figure 1). To further explore the 

effect of male factor infertility on abnormal placentation, greater than efficiency curves were 

also generated for ICSI patients with and without male factor infertility (Supplemental 

Figure 2). The curves demonstrated a rise in adverse events with rising estradiol in all ICSI 

patients, whether they had a diagnosis of male factor infertility or not.
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Receiver operating characteristic curve analysis evaluated the ability of peak estradiol 

measurements to predict adverse placental outcomes in all patients (Figure 2). Area under 

the curve (AUC) for hypertension in pregnancy was 0.65 (95%CI 0.54–0.74, P<0.05). For 

growth disorders, the AUC was 0.66 (95%CI 0.55–0.77, P < 0.05). For all adverse placental 

disorders, the AUC was 0.60 (95%CI 0.52–0.69).

Discussion

This study aimed at determining the effects of specific ART parameters prior to embryo 

transfer on obstetrical complications experienced later during pregnancy in patients 

undergoing ART. These data demonstrated a strong association of estradiol and ICSI with 

adverse outcomes. These findings support previous studies performed by Imudia et al. and 

Farhi et al. showing a relationship between elevated estradiol levels and subsequent 

pregnancy events (12, 21). Also similarly, no association was identified between 

implantation rate, SAB, PTD, or placenta accrete, increta or percreta. However, our study is 

the first to differentiate the relationship between estradiol and placentation disorder by 

conventional IVF vs ICSI. We did not observe a relationship between estradiol and adverse 

outcomes in IVF cycles.

Intrauterine growth restriction is a result of several factors, all leading to one major cause: 

compromised nutrient and oxygen supply from the placenta to the fetus. Compromised 

implantation and subsequent placental growth and maintenance, is associated with altered 

circulating levels of estradiol at the time of implantation by the trophectoderm. This study is 

consistent with data from Kalra et al. showing lower birth weights following fresh embryo 

transfer cycles (which are associated with exceedingly higher estradiol levels) compared to 

spontaneous conceptions or frozen embryo transfers (10). Increased rates of gestational 

hypertension and preeclampsia following ART cycles were also found to be associated with 

elevated estradiol levels in retrospective studies as well (12, 21). Our study found a 2-fold 

higher odds of developing severe preeclampsia in patients with elevated estradiol levels 

compared to those with estradiol levels <90th percentile. Our data and others’ clearly 

demonstrate a higher risk of developing disorders related to abnormal placentation in 

patients with elevated estradiol levels undergoing controlled ovarian hyperstimulation for 

ART (21).

When looking at the composite placental obstetrical outcomes, for every 1000 pg/ml 

increase in serum estradiol levels, there was a 36% increase in the likelihood for any adverse 

placental outcome (SGA, gestational hypertension, and or severe preeclampsia). By 

analyzing efficiency curves, a threshold for increasing adverse pregnancy outcomes began 

when serum estradiol was >3000 pg/ml. Additionally, this rise in adverse outcomes at the 

3000 pg/ml cutoff occurred only in ICSI and not conventional IVF. An interaction test was 

also performed to compare estradiol with ICSI or conventional IVF on the effect of placental 

abnormalities. This result indicated that elevated estradiol levels may interact with the 

embryo and/or trophectoderm differently during ICSI than conventional IVF. It is uncertain 

why such a difference existed in these patients. This differential interaction may arise from 

the mechanical disruption of the zona pellucida during sperm insertion, alterations in 

paternal genes expressed in the placenta in sperm injected immobilized sperm compared to 
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sperm which spontaneously fertilize the egg or altered embryonic expression of L–Selectin 

or cytokines at the time of embryo implantation. These changes may cause abnormal 

placentation with oxidative stress, causing failure or delay of cytotrophoblastic 

differentiation leading to shallow interstitial extravillous cytrotrophoblastic invasion and 

reduced endovascular invasion, culminating with intrauterine growth restriction for the fetus 

or preeclampsia for the mother (24, 25).

There are many mediators of endometrial implantation regulated by estradiol and 

progesterone. Estradiol has been shown to be a crucial modifier in villous trophoblastic 

development and uteroplacental blood flow (33). The low levels of estradiol present in early 

gestation as compared with the later part of pregnancy are required to permit normal 

progression of uterine spiral artery invasion by cytotrophoblasts (20, 21) This study 

exhibited less adverse outcomes with lower levels of estradiol on the final day of ART 

stimulation, which may be attributed to normal remodeling of spiral artery and trophoblast 

invasion. However, the corpus luteum is known to express many hormonal substances (e.g. 

androgens, inhibins, activins, progesterones) in addition to estrogens, and they remain 

present throughout pregnancy. It is possible that elevated estradiol is a marker of global 

corpus luteum hormonal secretion, and that another hormone that is not routinely measured 

during ART contributes to placentation.

Rajesh et al. compared obstetric and perinatal outcomes in IVF versus ICSI conceived 

pregnancies and noted a significant decrease in mean fetal birth weight with the ICSI group 

(26). Similarly, while comparing conventional IVF versus ICSI, Nouri et al. found 

significant differences in the live birth rates. This finding was attributed to the manipulation 

of the oocytes during ICSI having a long-term deleterious effect (27). A meta-analysis 

demonstrated ICSI was associated with a higher risk of antepartum hemorrhage, congenital 

anomalies, hypertensive disorders of pregnancy, premature rupture of membranes, cesarean 

delivery, low birth weight infants, preterm delivery, and overall perinatal mortality (28). 

Others have postulated that adverse obstetrical outcomes associated with ART may be 

influenced by the cause of infertility (i.e. combining relatively healthy oocytes with sperm 

from patients with male factor infertility vs. combining relatively healthy sperm with 

oocytes from patients with female infertility), as noted in the meta-analysis by Pinborg et al. 
(29). ICSI may result in oocyte alterations during injection of the immobilized spermatozoa 

through breakage of the oolemma, or during aspiration of the oocyte cytoplasm. It is still 

unknown whether these mechanical alterations of the oocyte during ICSI causes an increase 

in adverse obstetrical complications later in pregnancy.

A few retrospective studies have suggested that elevated estradiol levels and ICSI are 

associated with adverse placental outcomes including SGA and hypertensive disorders. For 

most patients, extremely high levels of estradiol do not prevent a successful pregnancy or 

live-birth, but providers should be aware of the possible adverse pregnancy outcomes 

associated with supraphysiologic estradiol levels at the time of final oocyte maturation (21). 

While high responder ART patients often have their day 5 embryos cryopreserved to reduce 

the risk of OHSS, it may also reduce the risks of obstetric disorders associated with 

abnormal placentation. While these data suggest risk factors associated with fresh embryo 

transfer, we did not evaluate if frozen-thawed embryo transfer ameliorate that effect. In the 
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absence of randomized controlled data demonstrating such a benefit, it is difficult to 

recommend frozen-thawed embryo transfer purely for improvement in obstetric outcomes.

Strengths of this study include the military setting, where the ART cycle, obstetric care and 

delivery were managed in the same health care system, allowing complete ART and 

obstetrics records to be evaluated. GEE models, efficiency curves, and ROC curves allowed 

for thorough analyses across the spectrum of estradiol levels and the varying tests yielded 

consistent results. Weaknesses of the study include the retrospective nature of the design. We 

cannot exclude the possibility of unidentified confounding variables. We did not have data 

available on NICU admissions or neonatal mortality, so effects cannot be estimated on these 

outcomes. There was a smaller sample size of patients receiving IVF and it is possible that 

the lack of association of estradiol with abnormal placentation in the IVF cohort was a type 

II error. In a post hoc power analysis, with 100 patients in the IVF group, if the true rate of 

abnormal placentation was 6% (as detected in the IVF group), we were powered to detect an 

increase in abnormal placentation from 6% at baseline to 26% with estradiol > 3000 pg/ml. 

The results did not indicate any trend in this direction, with a 6% rate both above and below 

this threshold. Additionally, if the effect in the IVF group had been similar to the ICSI 

group, our sample size was adequate to detect it. Finally, the working hypothesis for the 

study was that estradiol and ICSI were associated with adverse placental complications. 

However, the suggestion that estradiol was only associated with adverse events in ICSI and 

not IVF cycles was not an a priori hypothesis. Based on these limitations, these findings 

should be interpreted as investigational and not definitive. They highlight the need for 

greater understanding into the underlying mechanisms of implantation and trophoblast 

invasion and how ART may alter those events. An ideal study design would be a paired 

analysis of sibling single embryo transfer pregnancies resulting from a single fresh retrieval 

and giving rise to both a fresh and a frozen transfer pregnancy. This would control for 

potential confounders in the method of insemination, culture conditions, and maternal 

factors and could help isolate the effect of estradiol.

In conclusion, this study demonstrated a relationship between the ART parameters estradiol 

and ICSI with adverse obstetric outcomes. Further studies are needed to confirm and clarify 

the interaction of high estradiol and ICSI and abnormal placentation events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Greater than efficiency curves evaluating the effect of estradiol on adverse placental 

outcomes. The occurrence of adverse outcomes was calculated above each estradiol 

threshold in increments of 500 pg/ml. A) All cycles in the study. B) All cycles in the broken 

down into ICSI versus IVF.
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Figure 2. 
ROC characteristic curves evaluating the ability of peak estradiol measurements to predict 

adverse placental outcomes in A) all adverse outcomes B) hypertensive disorders C) growth 

disorders.
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Table 1

Comparison of baseline and ART cycle parameters between patients with a normal pregnancy and those who 

developed adverse pregnancy outcomes. Continuous data are expressed as media (IQR) and dichotomous data 

a percentage of the population.

Normal Pregnancy
(n=322)

Adverse Outcome
(n=63) P value

Age 34 (30–37) 34 (31–37) 0.70

Male factor infertility 39% 45% 0.40

Basal FSH (IU/L) 6.7 (5.0–8.3) 6.7 (5.4–8.4) 0.33

Basal estradiol (pg/ml) 38 (27–53) 39 (31–57) 0.30

Days of stimulation 11 (10–12) 11 (10–12) 0.63

Total gonadotropins (IU) 2550 (1800–4125) 2625 (1800–3825) 0.52

Estradiol peak (pg/ml) 3012 (2279–3878) 3582 (2597–5121) 0.02

Oocytes retrieved 7 (5–10) 8 (6–11) 0.27

ICSI 29% 90% <0.001

Number Transferred 2 (1–2) 2 (1–2) 0.86
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Table 2

Evaluating association of variables with adverse placental outcomes by GEE model. Adjust model accounted 

for estradiol, ICSI, age, and male factor infertility.

Variable Unadjusted Odds Ratio
(95%CI)

P value Adjusted Odds Ratio
(95%CI)

P value

Estradiol on hCG 1.36 (1.13–1.65) 0.001 1.32 (1.13–1.52) 0.001

ICSI 3.86 (1.61–9.27) 0.002 4.21 (1.73–10.25) 0.002

Female Age 1.00 (0.99–1.01) 0.37 1.03 (0.96–1.10) 0.34

Male Factor 1.27 (0.73–2.20) 0.38 1.30 (0.70–2.23) 0.40

BMI 1.02 (0.96–1.10) .43

Days of Stimulation 0.95 (0.81–1.11) 0.35

Gonadotropins used 0.99 (0.98–1.01) 0.33

Follicles 1.01 (0.98–1.05) 0.39

Oocytes Retrieved 1.02 (0.98–1.06) 0.22

Mature Oocytes 1.04 (0.99–1.09) 0.07

Assisted Hatching 2.22 (0.28–17.58) 0.45

Blastocyst Transfer 1.21 (0.70–2.09) 0.47

Embryos transferred 0.99 (0.93–1.05) 0.82
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