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Abstract

Objective—To study the association of perinatal outcome and IVF transfer type in a group of
infertility patients with standardized treatment and similar prognosis.

Design—~Retrospective cohort study.
Setting—University-based infertility center, January 1998 to June 2006.

Patient(s)—Two hundred eighteen IVF pregnancies after fresh embryo transfer (ET); 122 IVF
pregnancies after frozen ET.

Intervention(s)—Assessment of perinatal outcome in fresh versus frozen ET pregnancies.

Main Outcome Measure(s)—Pregnancy outcomes after fresh versus frozen embryo transfer
(ET). Primary outcome was a composite of three events: preterm delivery, intrauterine growth
restriction, or low birth weight. Secondary outcomes were subtypes of pregnancy loss.
Associations were assessed using multivariate logistic regression.

Result(s)—The final sample included 340 pregnancies: 218 fresh and 122 frozen ETs. Singleton
pregnancy was less likely after transfer of fresh embryos (odds ratio [OR] 0.39, 95% confidence
interval [CI] 0.23-0.67), and pregnancies after fresh ET were more likely to end in first-trimester
loss (OR 1.82, 95% CI 1.05-3.13). Composite adverse outcome after transfer of fresh (44.0%)
versus frozen (32.6%) embryos was higher (OR 1.52, 95% CI1 0.90-2.56) and was strongly
associated with twin gestation (OR 23.82, 95% CI 11.16-50.82).

Conclusion(s)—Perinatal morbidity is higher in IVF pregnancies conceived after a fresh ET
compared with a frozen ET. Although some differences are related to conception with twin
gestations, these findings suggest that adverse outcomes may be related to differences in IVF
procedures.
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Since the first live birth resulting from in vitro fertilization (IVF), there has been a dramatic
rise in the number of infants born as a result of this technology (1). However, there has been
increasing concern regarding the potential health impact on infants conceived with the
assistance of IVF. Studies have suggested that even singleton pregnancies are at increased
risk for preterm birth, low birth weight, congenital anomalies, perinatal mortality and several
other pregnancy-related complications (2-10). The etiology of these outcomes is as yet
unknown.

We and others have hypothesized that dysfunctional placentation provides a biologically
plausible explanation for these adverse outcomes (8, 9). The nonphysiologic hormonal
milieu at the time of implantation and placentation during a fresh IVF cycle may modulate
trophoblast invasion and lead to abnormal placentation. In contrast, hormonal parameters in
a frozen-thawed embryo transfer (FET) cycle more closely resemble the endocrine
environment at the time of an unassisted conception.

Earlier studies of perinatal morbidity associated with IVF have been limited by potential
bias and confounding, including potential differences in laboratory technique across centers
and limitation of study outcomes to those gestations that reached the third trimester (2, 7,
10). In particular, earlier studies investigating the association of FET and subsequent
perinatal outcomes have not been limited to a cohort of similar-prognosis patients, such as
those who have excess embryos available for cryopreservation. It is possible that patients
who conceive after FETare inherently different than those who conceive with fresh embryo
transfer but do not have excess embryos available for cryopreservation.

To minimize potential bias and confounding, we conducted a retrospective cohort study of
patients with similar prognosis at a single center. We compared women who conceived after
fresh embryo transfer, in which two-pronuclear (2PN)-stage embryos were available to
freeze, with women who conceived after transfer of 2PN previously frozen embryos to
determine the association of adverse perinatal outcomes, including early pregnancy loss,
preterm delivery, low birth weight, and/or intrauterine growth restriction.

METHODS AND MATERIALS

Population

Our cohort consisted of all pregnancies conceived with the assistance of I\VVF at a single
university center from January 1998 to June 2006. The exposed population included
pregnancies achieved after the transfer of fresh embryos in cycles in which supernumerary
embryos were available for freezing at the 2PN stage. The unexposed population included
pregnancies conceived after the transfer of thawed embryos previously frozen at the 2PN
stage. Embryos created from donor eggs and donor embryos were excluded from this
analysis.
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Embryo Transfer

The standard ovarian stimulation protocol during fresh IVF cycles used pituitary down-
regulation with leuprolide acetate and recombinant FSH. Luteal supplementation consisted
of daily intramuscular 50 mg progesterone. Fresh embryo transfers were performed on day 3
(197/218, 90.3%), or day 5 (21/218, 9.6%). Transfer of previously frozen thawed embryos
was performed after pituitary down-regulation and endometrial preparation. Embryos were
frozen at the 2PN stage and replaced 1 day after thaw (day 2 transfer).

Data Collection

Data collection included demographic information, obstetric history, infertility diagnosis,
clinical information regarding the assisted reproductive technologies procedure (number of
embryos transfered), and pregnancy outcome. Pregnancy outcome information included
infant’s date of birth, birth weight, and mode of delivery. Gestational age at delivery was
calculated based on the date of the embryo transfer. Data were entered into an electronic
database checked for outliers and missing information before statistical analysis.
Institutional Review Board approval was obtained at the University of Pennsylvania before
data collection.

Study Outcomes

The primary outcome was a composite dichotomous outcome consisting of at least one of
three adverse events in the third trimester: preterm delivery (delivery before 37 weeks),
intrauterine growth restriction (IUGR; <10th percentile for gestational age), or low birth
weight (<2,500 g) (12).

Secondary outcomes analyzed included specific subtypes of pregnancy loss and/or
complications, including: 1) first-trimester loss (biochemical loss, clinical pregnancy loss, or
ectopic pregnancy); 2) clinical pregnancy loss alone; and 3) any adverse outcome (first-
trimester loss, clinical pregnancy loss, second-trimester loss, preterm delivery, IUGR, and/or
low birth weight). These outcomes are defined as follows: biochemical pregnancy loss:
decreasing S-hCG levels below the discriminatory zone for visualization of an intra-uterine
pregnancy; ectopic pregnancy: absence of intrauterine pregnancy on ultrasound with g-hCG
levels above the discriminatory zone and/or absence of villi in endometrial specimen
following dilation and curettage; clinical pregnancy loss: pregnancy loss at <12 weeks
gestation after ultrasound confirmation of an intrauterine gestational sac; second-trimester
pregnancy loss: pregnancy loss at >12 weeks’ gestation and <24 weeks gestation.

Power Calculation

We performed an a priori sample size calculation based on an estimated prevalence of the
composite primary outcome of 15% in the FET group and 30% in the fresh embryo transfer
group (12). We used a 2:1 ratio of fresh:frozen embryo transfer pregnancies to optimize
efficiency.

Assuming a type | error rate of 0.05, our estimated sample size of 100 pregnancies after FET
and 200 pregnancies after fresh embryo transfer demonstrated 83% power to detect a
twofold increase in the risk of our composite adverse perinatal outcome.
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Data Analysis

RESULTS

All data management and analyses were performed using Stata version 8 (Stata Corp.,
College Station, TX). Some patients underwent both fresh and frozen embryo transfers (n =
58), and thus our two groups were correlated. Excluding successive patient cycles from the
sample would have resulted in the exclusion of only frozen cycles, potentially biasing the
results. Generalized estimating equations (GEEs) were performed to account for the inherent
correlation among cycles from the same patient (13). Patient and treatment characteristics in
the fresh and frozen embryo transfer groups were compared by using GEEs. The assessment
of the association between type of embryo transfer (fresh vs. frozen) and risk of each type of
adverse outcome was assessed using both bivariate and multivariate analyses.

Bivariate analyses were performed on all variables to assess for potential association with
adverse outcome. Variables with a bivariate Pvalue of <.20 and variables of known clinical
importance were selected for inclusion in the multivariate analyses. The adjusted odds ratios
(ORs) and 95% confidence intervals (Cls) from the GEE models were reported. The
significance level for all analyses was set at /<.05.

A total of 368 pregnancies were eligible for inclusion; 238 followed transfer of fresh
embryos, and 130 followed FET. Required information was unavailable for 20/238 (8.4%)
conceptions after fresh embryo transfer and 8/130 (6.2%) conceptions after FET.

The final sample of 340 pregnancies, in 282 women, consisted of 218 conceptions after fresh
and 122 after frozen embryo transfer. Table 1 presents patient and treatment characteristics
in both groups. There were no statistically significant differences in most paramaters.
Patients who conceived after FETwere more likely to be parous. The maximum E; levels
were over tenfold higher and the endome-trial stripe was thicker in fresh embryo transfer
cycles. There were significantly more frozen embryos transferred compared with fresh
embryos.

Fresh embryo transfer was more likely to result in a multiple pregnancy and,
correspondingly, less likely to result in a singleton. There were a total of eight triplet
pregnancies in our entire cohort, six after transfer of fresh embryos and two after FET.

Table 2 presents the results of unadjusted and adjusted analyses for adverse outcome by
trimester in fresh versus frozen transfer cycles, as well as adjusted analyses for twin
gestation. There were a total of 12 second trimester losses: seven after transfer of fresh
embryos and five after frozen embryo transfer. Because second-trimester loss occurred so
infrequently (4.5%) in our cohort, we were unable to use statistical methods to analyze this
outcome independently.

Our primary outcome was a third-trimester adverse outcome incorporating the risk of any
one of the following: preterm birth, IUGR, and low birth weight. In unadjusted analysis,
there were increased odds of adverse third-trimester outcome after fresh transfer compared
with FET, but this did not reach statistical significance. There was a statistically significant
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increase in total adverse outcome (any one of first-trimester loss, second-trimester loss, or
adverse third-trimester outcome) in pregnancies after a fresh embryo transfer compared with
FET.

Bivariate analyses of treatment and patient characteristics associated with the risk of each
adverse outcome were performed, and variables that met a prespecifed cutoff of A<.20 were
selected for inclusion into final multivariate analyses. In addition to fresh versus frozen
embryo transfer, other variables hypothesized or proved to be associated with adverse
outcome were analyzed, including twin gestation, ovarian hyperstimulation syndrome
(OHSS), intracytoplasmic sperm injection (ICSI), age, endometrial stripe thickness,
maximum E; level, percentage fertilization, and parity. Compared with singletons, twins
were 23 times more likely to experience a third-trimester adverse outcome (OR 23.17, 95%
Cl 11.07-48.51; F<.001) and 8.5 times more likely to experience any adverse outcome (OR
8.52, 95% CI 4.45-16.30; A<.001). Increasing maternal age was associated with an increase
in the likelihood of clinical pregnancy loss (OR 1.18, 95% CI 1.06-1.32; P=.004). OHSS in
the source cycle met the prespecified criteria for inclusion in multivariate analysis (P=.10),
and parity was included because it was considered to be clinically important. The remainder
of the variables were not included in the final model.

The significant results of multivariate analyses are presented in Table 2. Fresh embryo
transfer was significantly more likely than FET to result in first-trimester loss. Twin
gestation was associated with a 24-fold increase in odds of a third-trimester composite
adverse outcome and an ~8-fold increase in the development of any adverse outcome. Parity
and OHSS in source cycle had no association with any of the adverse outcomes (data not
shown, Pvalue nonsignificant). Increasing age was significantly associated with clinical
pregnancy loss (OR 1.16, 95% CI 1.04-1.30; P=.01) but not with any other adverse
outcome.

Given the association between twin pregnancy and adverse outcome in the multivariate
model, we performed an unadjusted subanalysis restricted to the cohort of singleton
pregnancies (Table 3). The direction of the association was consistent with the previous
bivariate analysis and the multivariate analyses.

DISCUSSION

The purpose of this study was to isolate one aspect of the in vitro fertilization process to
potentially identify components that may be associated with the increased perinatal
morbidity noted in other studies (2-10). Previous studies reporting an increase in low birth
weight in IVF infants who were conceived with a fresh embryo transfer compared with FET
are limited by the inherent variability resulting from differences in treatment protocols at
multiple sites and by the potential for differences in the risk of perinatal morbidity in women
who do and do not have embryos available to cryopreserve. Our purposeful restriction to
women of similar prognosis, treated in standardized fashion, allowed a more precise
evaluation of the isolated effect of fresh versus frozen embryo transfer on subsequent
perinatal outcomes in IVF pregnancies. In addition, we performed subanalyses of different
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types of pregnancy loss to ascertain whether transfer of fresh embryos may be more likely to
result in pregnancy loss.

Overall, this study found that the odds of first-trimester loss after fresh embryo transfer were
nearly twice that after FET (OR 1.89, 95% CI 1.08-3.33; ~£=.027). Our data also
demonstrated that adverse outcome beyond the first trimester is strongly associated with
twin gestation but likely also independently associated with fresh embryo transfer. The odds
of total adverse outcome after fresh embryo transfer were also increased, although they
failed to reach statistical significance (OR 1.54, 95% CI 0.96-2.44; P=.08). Subanalyses
restricted to singletons resulted in point estimates of similar magnitude and direction. When
singleton pregnancies were analyzed separately, the rate of third-trimester adverse was
considerably lower (19.6% after fresh ET, 16.9% after frozen ET), highlighting the major
contribution of twin gestation on the subsequent development of adverse outcome. Thus, one
important finding of this study is that there were significantly more twin pregnancies after
fresh embryo transfer (29.8%) than after FET (13.9%). Together, these findings suggest that
the independent negative contribution of fresh embryo transfer on perinatal morbidity is
weaker than the contribution of multiple gestation.

The exact mechanism of the increased vulnerability of embryos to pregnancy loss after fresh
embryo transfer is not known. Data have suggested that normal maintenance of pregnancy
requires tonic suppression of uterine prostaglandin synthesis and that a defect in this
inhibition can be associated with early pregnancy loss (14, 15). It is possible that this
inhibition is altered in the setting of OHSS and retrieval (11, 16). The potential impact of
inflammation and the nonphysiologic steroid milieu of a fresh IVF cycle on the expression
of many of these processes is unknown. Therefore, transfer of fresh embryos into a
supraphysiologic endocrine uterine environment may be associated with more risk.

Alternatively, it is possible that uncontrolled confounders, such as the difference in fresh
versus frozen embryo cleavage stage on day of transfer, may have contributed to an
increased risk of first-trimester loss. Frozen embryos were transfered on day 2, whereas the
majority of fresh embryos were transfered on day 3. It has been previously suggested that
transfer on day 2 may be associated with a lower rate of miscarriage (17-19). It has also
been hypothesized that prolonged in vitro culture may compromise early development and
predispose to increased risk of miscarriage (20). Finally, it is possible that embryos that
survive the freeze thaw process are less likely to be aneuploid and, therefore, less likely to
result in miscarriage (21). This finding may reflect an early natural selection process,
because the most vulnerable frozen embryos do not survive the freeze-thaw process, and
only the most competent frozen embryos survive the thaw and subsequently implant. A
future study may better elucidate the mechanism underlying our findings.

Earlier literature has focused on the potential detrimental impact of cryopreservation due to
the freeze-thaw process and subsequent adverse outcomes (22, 23). However, it is
noteworthy that in our cohort, FET appeared to be, at the very least, as safe as fresh embryo
transfer regarding the subsequent adverse perinatal outcomes, and it possibly conferred
benefit. A potential reason for our conflicting results is that our cohort was limited to only
those women who conceived after transfer of fresh embryos and had embryos to freeze at the
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2PN stage. By restricting our cohort to this similar-prognosis population, we attempted to
minimize potential bias and confounding.

These data provide potential insight into adverse outcomes associated with I'VF-conceived
pregnancies. In our cohort of similar-prognosis patients, IVF pregnancies that followed fresh
embryo transfer appeared to be associated with an increased likelihood of first-trimester loss
compared with pregnancies that followed FET. In addition, these data confirm earlier reports
that FET may be associated with decreased fetal and perinatal morbidity independent of
multiple gestation. Mechanisms underlying this association warrant further investigation.
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TABLE 1

Comparison of patient and treatment characteristics in fresh versus frozen embryo transfer cycles.

Fresh (n=218) Frozen (n=122) pygued

Source cycle

Infertility diagnosis 6800
Tubal 46 (21.1) 25 (20.5)
Male factor 33(15.1) 24 (19.7)
Anovulation 39 (17.9) 25 (20.5)
Unexplained 67 (30.7) 37 (30.3)
Endometriosis 27 (12.4) 11(9.1)
Other® 4(1.8) 0(0)
Unknown 2(0.9) 0(0)
Fertilization rate 67.21+.14 68.04 = .16 .621
ICSI 36 (16.5) 16 (13.1) 404
OHSS 49 (22.5) 26 (21.3) 804
Embryo transfer cycle
Parity 46 (21.1%) 47 (38.5%) <.001
Age 33.53+£3.59 33.71£3.70 .663
Maximum E, before embryo transfer ~ 4921.8 + 1503.6 335.3+141.8 <.0001
EMS thickness at transfer 11.21+2.30 10.31+2.21 .0006
No. of embryos transfered 2.68+0.78 2.90+0.97 .022
Implantation rate
Pregnancy plurality .002
Singleton 122 (56.0) 93 (76.2) .0002
OR0.39 95% CI 0.23-0.67
Twin 65 (29.8) 17 (13.9) .001
OR 2.63 95% Cl 1.43-5.00
Triplet 6 (2.7) 2 (1.6) 52
OR 1.69 95% CI 0.3-20.00

Note: Continuous variables presented as mean + SD, other values as n (%). Cl = confidence interval; EMS = endometrial stripe; ICSI =
intracytoplasmic sperm injection; OHSS = ovarian hyperstimulation syndrome; OR = odds ratio.

a . N . . .
Generalized estimating equation adjustment for correlations.

b . . . . .
Calculated after exclusion of other (n = 4) and unknown (n = 2), owing to small number of observations precluding use of chi-squared.

Other (n = 4): two with recurrent pregnancy loss, two with uterine abnormalities (bicornuate, fibroid).
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TABLE 3

Unadjusted analysis of pregnancy outcomes in singletons only.4

Fresh Frozen OR (95% ClI) P value
Clinical pregnancy loss 23/122 (18.9) 13/94(13.8) 1.41(0.61-3.23) 41
Third-trimester adverse outcome ~ 19/97 (19.6)  13/77 (16.9) 1.23 (0.57-2.70) .59
Total adverse outcome 44/122 (36.1) 30/94 (31.9) 1.30(0.75-2.27) .35

Note: Cl = confidence interval; OR = odds ratio.

a . L . . . .
Unadjusted bivariate analysis restricted to singleton births.
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