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Abstract
Background: Many variables, including woman`s age, embryo quality and endometrial receptivity,
in�uence the success rate of either fresh embryo transfer (ET) or frozen-thawed ET (FT-ET) cycles. The
aim of this study is to examine whether the results of a fresh in-vitro fertilization (IVF) cycle correlates
with its frozen-thawed embryos transfer outcomes.

Methods: A retrospective cohort study conducted in a tertiary medical center single IVF unit between 2014
and 2017. The study population was comprised of women who underwent fresh ET with the remaining
embryos frozen using vitri�cation and at least one consecutive FT-ET cycle. Comparison of FT-ET cycle's
details and outcomes were assessed in relation to the outcome of the preceding fresh ET cycle .

Results: A total of 599 women underwent fresh ET and at least one consecutive FT-ET cycle. Signi�cantly
higher rates of successful FT-ET cycle outcomes were observed in the group of patients with a successful
fresh cycle compared to the group with an unsuccessful fresh cycle (48.9% vs. 20.8%, p<0.001). Logistic
regression demonstrated an adjusted OR of 5.02 for successful FT-ET after a successful fresh cycle.

Conclusions: Frozen-thawed embryos generated from successful fresh IVF cycles have higher potential to
implant when compared to frozen-thawed embryos obtained in an unsuccessful fresh cycles.

Introduction
Accurate prognostic assessment prior to embryo transfer (ET) during in-vitro fertilization (IVF) plays an
important role in protocol planning, enabling better coordination of expectations between physicians and
patients. The decision regarding the number of embryos transferred in each cycle is an essential one,
in�uenced by estimation of potential implantation rate of such embryos. The higher the probability of
successful transfer, the better it is to transfer fewer embryos and to freeze the rest. In recent years, the
common approach is to transfer a single embryo during each cycle in order to reduce the risk of multiple
pregnancies [1]. Guidelines regarding recommended number of transferred embryos per cycle have been
previously described [2]. Thus, in an attempt to achieve better cycle programing, clinicians are required to
assess variables which may predict a successful treatment cycle.

The most in�uential predictors for achieving a pregnancy in IVF treatment are: Female age [3–7], embryo
quality [8], sperm quality [9], duration of subfertility [3], basal FSH [3, 7)] use of intracytoplasmic sperm
injection (ICSI) [4] and number of retrieved oocytes [3]. It is arguable whether patients who conceived in a
fresh IVF cycle and consequently used their surplus frozen embryos generated from the same ovum pick-
up (OPU) experience a better outcome than patients who did not conceive in their fresh cycle and seek a
frozen thawed (FT) transfer attempt [10–12].

In this analysis we retrospectively examined outcomes of FT-ET, with respect to the association between
success in a fresh IVF cycle and the prognosis of the frozen thawed cycle from the same oocyte retrieval.
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We hypothesized that FT-ET cycle success rates will be higher following a successful fresh cycle
compared to those consecutive to an unsuccessful fresh cycle.

Materials And Methods
This retrospective cohort study was conducted at the IVF unit of a tertiary medical center between June
2014 and December 2017. Inclusion criteria were all women 18–45 years who underwent ovarian
stimulation with a consequent fresh embryo transfer as well as at least one frozen-thawed embryo
transfer using embryos from the same OPU with known ET outcome. All FT embryos included were
frozen using vitri�cation. Exclusion criteria were women who did not meet the inclusion criteria for age,
for whom the method of slow freezing was used during the freezing process, or for whom there were
missing data regarding the fresh or one of the frozen-thawed embryo transfer cycles.

Data was collected systematically from patient electronic records after implementing the inclusion
criteria mentioned above. The study was approved by the Investigation Review Board of Hadassah
Hebrew University Medical Center (IRB number 0483-17-HMO).

An IVF cycle resulting in clinical pregnancy was de�ned as a successful cycle. The primary outcome was
clinical pregnancy. A comparison was made regarding the outcome of frozen-thawed embryo transfer
cycles of women who had a successful outcome (clinical pregnancy) in their fresh ET and those who had
an unsuccessful outcome in their fresh cycle. Collected data included age at fresh and frozen cycles,
number of oocytes retrieved, number of mature oocytes, fertilization technique (ICSI versus standard IVF),
fertilization rate, timing of embryo transfer, number of transferred embryos, embryos quality, number of
frozen embryos and number of consecutive frozen cycles. Preimplantation genetic testing for aneuploidy
was not performed in any of the cases included in this study. Outcome assessed was clinical pregnancy
rate for each group. In addition, a sub-group analysis was performed comparing the outcomes of the �rst
frozen-thawed embryo transfer with regard to the success of the previous fresh transfer from the same
OPU.

IVF protocol and ET technique
Oocyte retrieval was performed under general anesthesia using transvaginal ultrasound guidance.
Embryo quality was determined by cell number, symmetry and fragmentation and was graded “A”,” B” or
“C” according to the SART grading [13]. Embryos are cultured in a one-step medium ("SAGE 1-step" (SAGE,
Al-rad medical, Nes Ziona, Israel). Fresh embryo transfer was performed on day 2, day 3, or at blastocyst
stage according to patient and laboratory convenience. Embryo transfer was performed using one of two
catheters - the SIVF catheter (K-Jets-7019-SIVF; Cook IVF, Eight Miles Plains, Queensland, Australia) or the
Edwards-Wallace catheter (Classic Embryo Replacement Catheter; Smiths Medical, Hythe, Kent, U.K.)
upon operator preference. Frozen thawed embryo transfers were performed applying an arti�cial cycle
using exogenous estradiol and progesterone supplementation as previously described [14]. Brie�y,
patients started 17β-E2 6 mg/day (Estrofem; Novo Industry A/S, Copenhagen, Denmark) given orally in 3
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divided doses on the �rst day of their menstrual cycle. A week later, estradiol and progestrone levels were
measured. Assessment of endometrial thickness was performed using transvaginal ultrasound.. Patients
then proceeded with a similar dose of Estrofem for an additional 5–13 days. Once endometrial thickness
measurment reached 8 mm, micronized progestrone pills (Utrogestan; Besins healthcare, Paris, France)
were added. A dose of 200 mg three times a day vaginally for 3 days was used. .

Statistical analysis
Testing the association between two categorical variables was carried out using either the Chi-Square test
or the Fisher's exact test. Comparison of quantitative variables between the two-categories of the
outcome variable was performed using the Student's t-test for the two independent groups. Univariate
analysis was performed to identify factors associated with successful frozen-thawed embryo transfer. A
logistic regression model was used to simultaneously assess the effect of several variables on the
dichotomous dependent variable.

Variables which were found to be statistically signi�cant and associated with the dependent variable
using the univariate analysis, were entered into the multivariate logistic regression model. In the model,
the signi�cance of each of the independent variables was given, and the adjusted Odds Ratio (with its
95% con�dence interval) was calculated for the entire study population. A p value of < .05 was considered
statistically signi�cant.

Results
The vitri�cation technique was used during 2014–2017 for the freezing of 2481 embryos from 599
patients. In this group, 149 (24.9%) patients achieved clinical pregnancy during their fresh ET cycle and
450 patients had an unsuccessful fresh ET. No differences were found between the two groups except for
the mean number of oocytes retrieved and mature oocytes, higher in the successful fresh cycle group (p < 
0.05 for both, Table 1). Comparison of the day of embryos freezing demonstrated similar rates of day 2
and 3 freezing and an increased rate of day 5 freezing in the successful fresh cycle group. However, the
blastocyst transfer rate did not differ between the successful and unsuccessful groups (Table 2).
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Table 1
Fresh embryo transfer cycle data according to clinical pregnancy

Parameter Successful fresh cycle Unsuccessful fresh cycle P value

N of patients 149 450  

Age at aspiration 34.22 ± 5.90 35.25 ± 5.86 0.067

N of oocytes retrieved 13.50 ± 7.36 11.96 ± 6.84 0.02

N of mature oocytes 10.76 ± 6.14 9.05 ± 5.15 0.003

Fertilization rate 0.70 ± 0.19 0.72 ± 0.20 0.179

Use of ICSI (%) 79.04 ± 22.34 78.89 ± 26.17 0.953

Grade A embryos (%)a 72.02 ± 28.01 74.09 ± 24.84 0.565

Grade B embryos (%)a 23.21 ± 24.86 22.60 ± 26.26 0.808

Grade C embryos (%)a 4.77 ± 1.10 3.29 ± 0.87 0.126

N of frozen embryos 4.42 ± 3.88 4.17 ± 3.49 0.500

N of transferred fresh embryos 1.69 + 0.86 1.55 + 0.85 0.081

Data presented as Mean ± SD

ICSI, Intracytoplasmic sperm injection.

a Embryo quality was determined according to the SART grading
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Table 2
Comparison of frozen-thawed cycles data between the successful and unsuccessful fresh cycle from the

same ovum pick-up

Parameter Successful fresh
cycle

Unsuccessful fresh
cycle

P
value

N of frozen cycles 176 547  

Age at FT-ET 36.05 ± 5.70 35.44 ± 5.92 0.497

Day of freezing      

Day 2 17/178 (9.6%) 86/561 (15.3%) 0.055

Day 3 117/178 (65.7%) 391/561(71.5%) 0.320

Day 5 44/178 (24.7%) 84/561 (15.0%) 0.003

Blastocyst transfer 37/178 (20.8%) 85/561 (15.2%) 0.079

Frozen-thawed cycles 1.18 ± 0.49 1.22 ± 0.55 0.476

N of transferred embryos 1.79 + 0.67 1.69 + 0.72 0.141

Implantation rate 105/299 (35.1%) 123/889 (13.4%) < 
0.001

Clinical pregnancy in �rst frozen cycle 81/149 (54.4%) 86/450 (19.1%) < 
0.001

Overall clinical pregnancies in frozen cycles 86/176 (48.9%) 114/547 (20.8%) < 
0.001

Patients with at least 1 clinical pregnancy in a
frozen cycle

82/149 (55.0%) 103/450 (22.9%) < 
0.001

Data presented as Mean ± SD or n/N (%).

Overall, pregnancy rate for FT-ET cycles was 27.7%. Outcome assessment of frozen-thawed ET cycles in
each group (Table 2) demonstrated signi�cantly higher implantation and clinical pregnancy rates in the
successful fresh cycle group compared to the unsuccessful fresh cycle group (35.1% vs. 13.4% and
48.9% vs. 20.8%, respectively; p < 0.001 for both). Live birth data was available for most of FT-ET
pregnancies (164/200). Live birth rate was similarly higher in the successful fresh group (42.7% vs.
18.3%, respectively; p < 0.05).

Comparison of the FT-ET cycles success rate per patient showed similar signi�cant results in favor of the
successful fresh cycle group (51.3% vs. 20.8%, p < 0.001). The percentage of patients that achieved at
least one pregnancy in their frozen-thawed cycles was signi�cantly higher in the successful fresh cycle
group compared with the unsuccessful fresh cycle group (55.0% vs. 22.9%, p < 0.001)
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When comparing the �rst frozen-thawed cycles only, similar signi�cant differences were found with
regard to clinical pregnancy rates and live birth rates in favor of the successful fresh cycle group
(Table 2).

In a univariate analysis performed, the parameters that were found to be signi�cantly associated with
clinical pregnancy in the frozen-thawed cycles were clinical pregnancy in the fresh cycle from the same
OPU, age at fresh cycle and number of oocytes retrieved. In order to determine whether previous
successful fresh cycle is an independent prognostic factor for successful FT-ET - a multivariate analysis
was performed. Logistic regression (Table 3) showed that clinical pregnancy in the fresh cycle, among
other factors, remained a signi�cant predictor of success in the consecutive frozen cycle with an adjusted
OR of 5.02 (95% CI: 3.12–8.07; p < 0.001).

Table 3
Multi-variate analysis of factors associated with clinical pregnancy in frozen

thawed embryo transfer cycles

Parameter Adjusted OR 95% CI for OR P value

Clinical pregnancy in fresh cycle 5.019 3.121–8.070 < 0.001

Age at oocyte aspiration (years) 1.031 0.990–1.072 0.148

Age at oocyte aspirationa      

Under 35 years 1.667 0.899–3.093 0.105

35–40 years 1.867 0.931–3.744 0.079

N of oocytes retrieved 1.041 1.008–1.075 0.015

Note: ICSI, Intracytoplasmic sperm injection

aCompared to patients > 40 years

Discussion
This study aimed to address the possible prediction of FT-ET results with regard to its previous fresh ET
cycle from the same OPU. Our results showed consistent, signi�cant differences between patients with a
successful fresh ET cycle compared to those with an unsuccessful fresh ET with regard to the success of
consecutive FT-ET cycles from the same OPU. This was also demonstrated in the �rst FT-ET cycle
separately. Logistic regression showed this factor to be a signi�cant independent factor, with an adjusted
OR of 5.02.

This is the �rst study to evaluate this link in embryos cryopreserved using the vitri�cation method which
is the prevalent method applied today in most IVF laboratories.
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As previously reported by van Loendersloot et al. [3] and Lintsen et al. [4], our analyses demonstrated that
the number of oocytes retrieved and use of ICSI are independent prognostic factors for successful ET. In
addition to the previous studies mentioned, we showed a similar association between previous
successful fresh cycle and successful ET. This further establishes these parameters as important
prognostic factors that should be evaluated in predicting success of FT-ET.

Our �nding of higher pregnancy rates for FT-ET cycles after successful fresh ET are in agreement with
that reported by Molloy et al. [11] on 784 patients who had favorable pregnancy outcomes of FT-ET
cycles depending on the outcome of the original fresh cycle.

El Toukhy et al. [12] similarly reported double implantation and pregnancy rates in FT-ET cycles using
embryos originated from successful fresh ET cycles. Their data was based on 459 fresh cycles. However,
both abovementioned studies were carried out prior to the introduction of the vitri�cation technique.
Therefore, they did not assess this phenomenon in embryos frozen by vitri�cation, rendering them less
relevant for IVF programs currently using this technique.

In order to address this issue, our study included only embryos frozen using vitri�cation. Frozen cycle
success rate after vitri�cation reached 50% in patients with a previous successful fresh cycle compared
with nearly 20% in patients with a failed fresh cycle.

A systematic review by Rienzy et al. [15] showed that the vitri�cation technique results in improved
survival rates of cryopreserved oocytes and improved clinical pregnancy rates per cycle [16, 17]. Ultra-
rapid cooling by vitri�cation enables solidi�cation of cells and extracellular environment into a glass like
state without formation of ice eliminating the mechanical injury which may occur during freezing of
water particles. We hypothesize that the advantage of this technique over slow freezing may contribute to
higher quality frozen-thawed embryos that preserve a "fresh embryo" potential with clinical outcomes as
good as fresh embryos. Therefore, when the fresh cycle is successful, the consecutive vitri�ed frozen
thawed embryos from same OPU are of a much higher potential for successful implantation and clinical
pregnancy and are only minimally affected by vitri�cation. This hypothesis is supported by the major
difference (~ 30%) in clinical pregnancy rate between our study groups, compared to smaller advantage
in clinical pregnancy rates shown in similar studies that investigated this association in embryos frozen
by slow freezing.

Besides its retrospective nature, this study has several limitations. During the study period only 122
blastocysts were transferred, Therefore, we were not able to separately analyze the groups according to
cleavage stage and blastocysts transfers. Another limitation was the age difference of nearly a year in
favor of the successful fresh cycle group. Though this may affect the subsequent frozen cycle's results,
our logistic regression demonstrated that successful fresh cycle is an independent factor even when
considering age at oocyte retrieval. Clinical pregnancy rates rather than live birth rates were used as the
primary outcome due to lack of birth data for some (~ 20%) of the women included in the study. However,
in most cases birth data was available and live birth rate was similarly higher in FT-ET following a
successful fresh cycle.
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In conclusion, this study shows that in addition to known factors such use of ICSI and number of
retrieved oocytes, a successful fresh cycle is a positive independent prognostic factor for a successful FT-
ET cycle of embryos derived from the same OPU. This data may assist physicians facing the challenge of
counselling women planning a frozen thawed embryo transfer cycle.
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