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Abstract

Frozen embryo transfer (FET) is an important part of present-day IVF,
ICSI treatment. There is limited understanding of the factors affecting
success rates after FET. The aim of this work to study the Clinical and
laboratory factors which affect clinical pregnancy rate after frozen—thawed
embryo transfer.

Study design: This is three-center prospective study. Analysis was carried
out on 150 consecutive FET cycles during the period from 2011 - 2015.
The primary outcome was clinical pregnancy per cycle. We assessed the
independent effect on clinical pregnancy of the following variables: female
age, female age at embryo freezing, BMI, primary versus secondary
infertility, cause & duration of infertility, LH/FSH ratio, protocol of fresh
cycle, serum estradiol level before Human Chronic Gonadotropin (HCG)
at fresh cycle, sperm source (testicular or ejaculated), day of freezing,
pregnancy in the fresh cycle, storage duration of embryos, cause of]
thawing method as well as number of thawed transferred embryo (s).

Main results: Pregnancy rate in FET was 31%. Pregnancy rate was 21.6%
in patient younger than 30 years old at fresh cycle with RR 2.31 with CI
(1.72-7.37). Patients of age at FET more than 35 years to have positive
outcome 9.4% of FET with 95% Cl= (1.72-7.37).There was absolute risk
increase of 2.91 between the two BMI groups (>=30 & <30) with 95%
CI: (1.13-7.50) %. patients having explained cause of infertility would
be 0.26 times as likely as patients having unexplained infertility to have
positive outcome of FET with 95% CI= ( 0.12-0.55). Patients having
abnormal semen analysis would be 1.44 times as likely as patients having
normal analysis to have positive outcome of FET with 95% CI= ( 0.20-
0.99). Patients having Negative Pregnancy outcome at fresh cycle would
be 0.9 times as likely as patients having Positive Pregnancy outcome at
fresh cycle but this is not significant 95% Cl= (0.38-2.66). Patients with
excess number of embryos as a cause of freezing would be 0.38 times as
likely as patients of unusual Cause of freezing to have positive outcome of
FET16.2% with 95% C1=(0.14-0.99). The chance of pregnancy increases
significantly if >3 thawed embryos was transferred (odds ratio (OR) 0.34
95% confidence interval (CI) (0.12-0.97).

Conclusion: Increased number of transferred thawed embryos is associated
with increased clinical pregnancy; Age, BMI, cause of infertility, semen
parameters, pregnancy at fresh cycle, endometrial thickness on the thawed
embryo transfer day and cause of freezing. Number of transferred thawed
embryos affected independently the clinical pregnancy rate in FET.

Introduction

The first IVF pregnancy was achieved in 1978. Since then, the number
of IVF centers and IVF procedures performed has increased dramatically
(1). In order to reduce the chance of multiple pregnancies during in-vitro
fertilization (IVF)-ET treatment, there is an increasing trend towards
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transferring a lower number of embryos. Surplus
good-quality embryos are then transferred in frozen-
thawed embryo transfer (FET) cycles. The first
pregnancy after FET was reported in 1983. Elective
cryopreservation of all fresh embryos is also required
in special circumstances where fresh embryo transfer
is undesirable. Examples of the latter include: patients
in whom the risk of ovarian hyper stimulation
syndrome (OHSS) is high, or those involving oocyte
or embryo donations where a quarantine period is
advisable (2).Several investigators have detected lower
implantation and pregnancy rates in frozen thawed
embryo replacement cycles compared with fresh IVF
cycles, and two important etiologies of this lowered
rate are adverse effect of the freeze thawing process
& ice crystal damage and transferring higher-quality
embryos in the fresh cycle and freezing the lower-
grade ones. The question that comes to mind is whether
there is any way to improve the pregnancy outcome of
a cryopreserved embryo transfer cycle. A few studies
have assessed the clinical and embryological factors
affecting pregnancy outcome, and there is controversy
about the parameters among the performed studies (3).
In this study, data from frozen embryo transfer (FET)
cycles was collected for a better understanding about
some of the clinical and embryological factors that
may influence pregnancy rate.

Subjects and methods

Our study was conducted at the International Islamic
Centre for Population Studies and Researches (IICPR)
IVF unit and two private IVF centers in Cairo. It was
performed during March 2011 to June 2015.The study
was randomized control study collecting data from
prospective cases who underwent frozen embryo
transfer (FET) after ICSI procedure. We studied 150
couples complaining of infertility who have been
undergone FET after fresh cycle. Female age more
than 40 years old and poor responders patients were
excluded from our study. The clinical factors data
were collected consisting of maternal age at both
oocyte retrieval and at time of FET, BMI, duration ,
type & cause of infertility, sperm parameters , FSH /
LH ratio, protocol of controlled ovarian cycle ,E2 at
day of HCG , source of sperm, pregnancy outcome
at fresh cycle , reasons for embryo cryopreservation,
endometrial thickness on the day of embryo transfer,
duration embryo cryopreservation and number of
thawed- transferred embryos. Controlled ovarian
stimulation (COH) was achieved mainly using the
gonadotropin-releasing hormone agonist (GnRH) for
pituitary suppression in the fresh cycle.

COH was done by HMG either through long protocol
(in 96 cycles) or short protocol (in 54 cycles). The
subjects undergo pituitary desensitization by a long
acting GnRH analogue administered in the luteal phase
of the previous cycle. While patients who submitted to
short protocol were given GnRH agonist starting early
in the follicular phase of ovulation induction cycle
(cycle day 1) then exogenous gonadotropins starting
on cycle day 2 an initial daily dose of 150 IU HMG
has been started. This dose is adjusted according to
the patient’s response after 6 days of stimulation as
assessed by TVS and E2 level. Folliculometry and
endometrial thickness evaluation were done using
TVS. When follicles reach 18 mm or more, HCG (5000
or 10000 1U) was given. TVS directed oocyte recovery
was performed 34-36 hours after HCG administration,
in the operating theatre under full aseptic technique
under light general anesthesia.

All semen parameters were recorded and evaluated
in accordance to the WHO standards 2010 of semen
evaluation. Sperms obtained from husband either
through fresh ejaculation in 128 (85.4%), testicular
sperm extraction (TESE) in 15(10%) or percutaneous
sperm aspiration (PESA) in 7 (4.6%).The ICSI
procedure involved the injection of a single motile
spermatozoon into the cytoplasm of oocyte. The
cleavage characteristics of the fertilized oocytes were
evaluated: the numbers and sizes of blastomeres and
the presence of a nucleate cytoplasmic fragment are
recorded. The cleaving embryos are scored according
to cleavage stage, blastomeric size and shape, and
fragmentation. The assessment criteria of blastocyst
quality were based on blastocoel cavity, inner cell mass,
trophectodermal cells, and volume of zona-pellucida.
Embryos with grade A were transferred on Day 2, 3,4,5
or 6 (where day of fertilization were considered day
1).Surplus embryos (with grade A or B) in fresh cycles
were cryopreserved for subsequent FET cycles.

Freezing and thawing were performed with 1,
2-propanediol and sucrose as cry protectants. Straws
were used for freezing and storage. Embryos were
cryopreserved by vetrification in 139 cases (92.6%)
and by slow method in 11 cases (10.1%).The embryos
are thawed either the day before (if blastocyst) or on
the day of the scheduled embryo transfer (cleavage
stage). Embryo thawing takes approximately 2 hours.
Sometimes individual cells within the embryo were
damaged by the freezing process. Embryos with
some freezing damage can still go on to produce a
healthy pregnancy however the more the embryo is
damaged the less likely it will be for the embryo to
develop. Sometimes all of the cells within the embryo
were damaged and was not been transferred. Embryo
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quality was typically evaluated at two stages: just
before freezing and about 4 hours before transfer. An
additional evaluation was also performed immediately
after thawing. Embryos were transferred if there are
> 50% intact blastomeres and no multinucleated
blastomeres were observed after thawing. The embryos
that would be transferred were loaded into the ET
catheter. Labotect catheter: 150 mm long, a traumatic
catheter and having a pre-curved guiding cannula with
spherical finish. The hormonal replacement therapy
(HRT) protocol was used for FET. Oral estradiol (2
mg/d) was taken daily from cycle day 5. Transvaginal
ultrasound scan was performed at eleventh day of the
cycle to assess endometrial-thickness. Progesterone
(intramuscularly or as vaginal suppository ) was
given when the endometrium reached a thickness >
8 mm. FET was done 2,3,4,5 or 6 days after starting
progesterone according to day of freezing . Both
estrogen & progesterone were continued for 2 weeks,
if pregnancy test was positive they were continued
until 8 weeks gestation. Patients (who were not fasting
and with full urinary bladder) were put in lithotomy
position frozen embryo transfer, and was considered

Results

as positive biochemical pregnancy. Clinical pregnancy
and abdominal ultrasound guided embryo transfer was
done using Labotect ET catheter. Confirmation of a
successful implantation was performed by detecting
serum human chorionic gonadotropin (B-HCG)
concentration (>25 1U/ml) 2 weeks post- was defined
by a presence of a gestational sac, fetal pole and fetal
heart activity by ultrasound at 7 weeks of pregnancy.
Overall success rate were calculated and factors
affecting incidence of clinical pregnancy after FET
were analyzed.

Statistical analysis

Different specific software packages were used
through- out the analysis. They are: EGRET, EPI-
INFO 7.1.5, EPI-INFO 3.5.1, DATA 6.1, SPSS ver.19
and Excel 2010. Of normally distributed continuous
variables were assessed by Student’s t test. Significant
differences were evaluated by the Chi-square test to
compare the non- continuous variables. The data were
expressed as mean + SD. P-value<0.05 was considered
statistically significant.

Table 1: shows the background characteristics of the studied cycles

Risk Factor Mean = S.D
Age 27.37 4.78 B
BMI 29.50 5.78 B
Infertility duration 5.07 3.20
LH /FSH ratio 0.80 0.44 i
Prolactin 17.32 8.71 |
Basal E2 44 41 37.59 |
E2on day of HCG 2610.06 1036.37 B
No. of retrieved Oocytes 13.21 337
Total no. of embryos (grade A) 2,75 0.13 |
No. of ET. At fresh cycle 2.77 0.56
Total no of cryopreserved embryos (grade A) 2.56 0.26
Time to FET 3.45 1.36
Age at FET 30.56 2.36 ]
NO. OF thawed ET 3.15 1.80
Day of freezing 2.10 2.10 |

(Median=3.00) (Mode=3.00)

On average, FET cycles were performed 1.5 year after cryopreservation. The overall PR in all FET cycles was 18% (27 patients).

]
o
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Table 2: Shows the female clinical factors influencing clinical pregnancy rates.

Ll Relative Risk 45
Clinical factors No of patients | pregnancy rate (RR) Confidence
(%) interval (CI)
<30 94 21.6Y
Age (years) . B 2.31 1.72-7.37
>30 56 9.4%
>3 72 21.7%
o =t ° 291 1.13-7.50
8 <30 78 9.3%
i 89 19.19
Type of Infertility — i 1.62 -0.41-6.39
secondary 61 11.9%
Explai 9 14.4%
el xplained ! - 0.26 0.12-0.55
y Unexplained 53 17.6%
i 25 81 21.6°
inflz;‘t'i'ﬁg‘;“e‘;frs) L o 1.36 0.60-3.07
y <235 69 9.4%
> 1%
LH/FSH ratio = i 24.1% 1.55 0.68-3.55
<1 77 6.9%
16.7%
Protocol of COH Long e - 0.56 0.20-1.58
Short 54 14.3%
E2 atday:ol <=3500 88 18.2%
HCG2 = 1.09 0.35-3.36
Pg/ml >3500 52 12.8%
Table 3: shows the male factors influencing clinical pregnancy rates.
Clinical . ; 95%
Sperm sources No of patients | pregnancy rate Rela(tll:lg)RlSk Confidence
(%) interval (CI)
Abnormal 71 9.0% 1.44 0.20-0.99
Semen
Normal 57 13.8% 0.56 0.21-0.93
Testicular PESA&TESE 39 8.2%, 1.02 0.38-2.66
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Table 4: shows the clinical factors influencing clinical pregnancy rates.

Chinical Relative Risk 95%
Clinical factors No of patients | pregnancy rate (RR) Confidence
(%) interval (CI) |
1 t 11 17.0%
Dayof frepzing | oue Stage 0 - 0.51 0.15-1.71
Blastocyst 40 14.0% B
Preguancy Negati 85 16.0%
outcome from HERT 2 0.90 0.38-2.15
fresh cycle Positive 65 18%
. < 0
Duration of =y o1 209% 1.63 0.64-4.18
cryopreservation >1y {3 10.1% )
E b 99 16.2%
Cause of freezing > S 121Y0S ° 038 0.14-0.99
Other cause 51 15.8%
1 11 10.1%
Thawing method i & 1.02 0.27-3.82
Vetrification 139 20.9% a
>35 9.4%
Age at FET 2 . 0.35 1.08-3.59
<=35 94 21.6% ]
No. of Thawed 3 58 13.5%
Transferred L 0.48 0.22-0.89
Embryos >3 92 17.5% B
Table 5: Multivariate logistic regression analysis for pregnancy outcome
NO. OF thawed ET (YES/NO) p-value OR(95%CI)
23 0.0445 Reference Category
<3 0.0170 0.34 (0.12-0.97)

As noted, the pregnancy rate after FET in women
aged <35 years was 21.6 %; In contrast, the pregnancy
rate in patients aged >35 years was 9.4%. Statistical
analysis showed that young (<35) and old (35-40)
mothers have significant differences in pregnancy
rate following FET (95%CTI: 1.72-7.37). In our study,
pregnancy rate was 31%. cryopreservation was done
for OHSS& endometrial polyp in 51 cases which
their pregnancy rate was 15.8%. Pregnancy rate in
short protocol subjects (54 cases) were 14.3% that
showed statistically insignificant difference to long
protocol patients (96 cases) who had 16.7% positive
clinical pregnancy. Concerning to the BMI, our results
indicated a difference between patients=>30kg/
m2 BMI (72 cases) with pregnancy rate 21.7%,
when compared to patients<30 BMI (78 cases) with
9.3%% of pregnancy rate. Pregnancy rate in women,

who had unexplained cause of infertility, showed a
significant difference in comparison to the subjects
with explained cause(95%CI0.12-0.55).Couples with
normal semen parameters had pregnancy rate 13.3%
compared to couples with abnormal semen who had
pregnancy rate 9.0%. There was no pregnancy in
patients with endometrial thickness < 8 mm on FET
day. By logistic regression analysis, the most detector
factor for pregnancy outcome was number of thawed
embryo transfer (table 5) . Our data showed that the
some clinical factor such as primary or secondary and
duration of infertility, LH/FSH ratio , type of protocol,
level of E2 at day of HCG , source of sperm, day of
freezing, pregnancy outcome at fresh cycle, duration
of cryopreservation and thawing method had no
influence on pregnancy outcomes. The detailed data
are presented in tables.
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Discussion

In this study we attempted to evaluate prognostic
factors associated with pregnancy outcome in frozen
embryo transfer (FET). We carried out an analysis of
150 cases of FET and identified 18 significant clinical
variables. These factors are: age of female at both
fresh &FET cycles, BMI , type, cause and duration of
infertility , semen parameters , LH\FSH ratio , serum
prolactin , basal E2, protocol of fresh cycle ,E2 at day
of HCG , sperm source ,day of freezing , total number
of cryopreserved embryos , pregnancy outcome at fresh
cycle , time interval between fresh and FET cycles ,
cause of freezing, thawing method , endometrium
thickness at FET and number of thawed transferred
embryos .The age of the women has generally been
considered to be an important determinant of treatment
success following both fresh and frozen embryo
transfers. Another study (2) showed that women aged
35 years or below had higher pregnancy rates than
older women. Many studies showed some common
characteristics in women above 30, especially above
35, include diminishing ovarian reserve, poor quality of
remaining oocytes, decreasing endometrial receptivity
and abnormal genetic factors (4). By analysis of our
collected data It was obvious that patients aged <30
years old would be 2.3 times as likely as patients aged
>= 30 years old to have positive outcome of FET.
Where pregnancy rate was 21.6% in patients aged <30
while it was only 9.4% patients aged >= 30 years. Also
age at FET is an important factor where patients of age
at FET<=35 would be 1.88 times as likely as patients
of age at FET>35 to have positive outcome of FET.
Many studies support our results and found that with
advanced age, the pregnancy rate reduced after frozen
embryo transfer, and the major reduction occurred in
women above 40 years (4 & 5). But these contradict
to a study (3), in which they have found no impact of
women age on FET success rates; they concluded that
the quality of embryos was crucial factor determining
the success of FET. Also another studies (6, 7) did
not find significant differences in pregnancy outcome
in two maternal age groups (40 years and >40 years)
and suggested that if enough good-quality eggs and
embryos were transferred, the age does not have an
effect on pregnancy outcome. Obesity contributes
to bad outcomes following treatment using assisted
reproductive technology, including lower pregnancy
and a higher miscarriage rate and live birth rates.
This could be mediated through a detrimental effect
on oocyte and embryo quality (8). Another study (9)
analyzed frozen-thawed embryo transfers cycles and
conclude that obesity negatively impact pregnancy
rates. On the other hand, (3, 10) in another studies

found that no significant difference was found in
BMI between pregnant and none pregnant groups.
(3).On the other hand Bellver’s study (11) compared
embryo quality and reproductive outcome among BMI
groups and conclude that female obesity impairs ICSI
outcome, but embryo quality is not affected, pointing
to an alteration in uterine environment. This explains
our results that BMI >=30 usually have PCO patient
have more oocyte retrieved and good quality embryos.
So, by improving uterine environment using HRT
regimen, the outcome would be improved. Where
patients having BMI>=30 would be 2.91 times as
likely as patients having BMI < 30 to have positive
outcome of FET with 95% CI= (1.13-7.50). In addition
this BMI was measured at fresh cycle and it might be
corrected later on in FET cycle.

In our study we found that types of infertility either
primary or secondary and durations of infertility had
no significance effect on pregnancy outcome after
FET. This is supported by study of Eftekhar (12) who
concluded that the type and duration of infertility seems
to have no effects on the pregnancy outcome following
FET. This indicates that wherever good embryos
are present, the chance of pregnancy is increased.
In our study, patients who had unexplained cause of
infertility had more positive outcome than patient who
had underlying factor. Our results may be explained
on the basis of those patients with explained infertility
usually referred to ICSI at earlier age. Another study
(7, 13) did not find an association between cause of
infertility and clinical outcomes in FET.

In our study, Patients having abnormal semen was
1.44 times as likely as patients having normal semen
parameters to have positive outcome of FET. The
question of whether male factor infertility would affect
the outcome of ICSI and the health of the offspring has
gained great attention since the introduction of ICSI for
the treatment of patients with extremely poor-quality
sperm (14). Although ICSI can help sperm penetrate the
zona pellucida and reach the cytoplasm of the oocytes,
the completion of oocyte activation and the formation
of the male and female pronuclei are determined by
the intrinsic nature of the sperm and oocytes (15, 16
and 17) Many studies investigate the effect of different
sperm qualities on the clinical outcome and perinatal
parameters of offspring and concluded that there is no
significant effect when different qualities and sources
of sperm are used for ICSI (18, 19, and 20). However
till now no study investigates the effect of sperm
parameters on outcome of FET.

In our study there was no statistically significant
difference in outcome between patients with different
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sperm origin. This is supported by (6) study that
concluded that the sperm origin did not affect the
outcome of frozen-thawed embryo transfer cycles. We
studied the effect of FSH\LH ratio on pregnancy rate
of FET and concluded that although patients of LH /
FSH ratio >1 would be of 1.55 as likely as patients of
LH /FSH ratio <1 to have positive outcome of FET,
it is not statistically significant. LH is required for
normal folliculogenesis, while low LH concentrations
on day 3 could lead to a poor ovarian response (21).At
the beginning of stimulation, high LH concentration
can lead to increased endometrial maturation at oocyte
pick-up (22).However, basal LH and E2 levels are not
considered as proper factors in order to distinguish
the infertile patients responding differently to ovarian
stimulation ( 23).Other studies also revealed the FSH
level caused a remarkable effect on pregnancy rate
in FET (24, 25, 26 and 3). In another investigation,
Kassab’s study (27) reported inverse correlation
between basal serum FSH levels before fresh IVF/ICSI
cycle with pregnancy outcome in FET cycles.

As regard the type of COH protocol at fresh cycle, we
didn’t find any difference in outcome of FET between
short and long protocol. This is similar to study (12)
that concluded that ovulation-stimulating protocol
has no effects on the pregnancy outcome following
FET. Generally, after stimulation with the GnRH
agonist long protocol, a large amount of oocytes are
obtained in women with normal ovaries, and large
numbers of embryos are provided for fresh embryo
transfer or freezing. Consequently, significantly lower
cancellation and higher pregnancy rates are observed
in the long protocol in comparison with those of other
stimulation protocols (28). Another study (29) and (7)
reported higher pregnancy and implantation rates in
women stimulated with the long protocol than those
in women with short protocol in FET cycles. In our
study, there was no statistically significant difference
in outcome of FET between patients with different E2
levels at day of HCG in fresh cycle. This is supported
by another study (30, 31) concluded that cryo-survival
of frozen embryos are equal in both patients who have
a normal stimulation profile and patients with OHSS.

In our study, we didn’t find any difference in outcome
of cleavage stage and blastocyst in FET. This is
supported by study in which, they concluded that day 3
and 5 transfer had similar pregnancy and implantation
rates (32). This explained by the fact that good quality
embryo present is the most important factor of good
outcome. This contradicts with other studies that showed
improved success rates with transfer of blastocysts
compared with cleavage-stage (33, 34 and 35). In our
study patients with negative pregnancy was 0.9 times
as likely as patients with positive pregnancy from fresh

cycle but this result was not statistically significant.
Pregnancy in the fresh ICSI cycle has been shown to
be associated with an improved PR in subsequent FET
in many studies (36 and 7). Conversely, a study has
reported impaired implantation rate in FET for patients
who became pregnant in their fresh treatment cycle (37).

In this study, although we found that embryos with
duration of cryopreservation equal or less than one
year gave better outcomes, this was not statistically
significant. Also another study showed no significant
difference in pregnancy outcome according to the
duration of cryopreservation. In our study patients who
had FET due to specific cause like polyp or OHSS had
more positive outcome (7). This differs from study of
Eftekhar in which they found that the cause of embryo
cryopreservation has no effects on the pregnancy
outcome following FET (12). Currently, vetrification
does not appear to be associated with an increased
probability of pregnancy. However, a significant
advantage of vetrification over slow freezing in
terms of post-thawing survival rates is present (38).
This support our study where there is no significant
difference between pregnancy rate in both verification
and slow method .But there was large decrease in
post-thawing survival rates with slow method due to
degenerated embryos.

In our study we investigated the association between
endometrial thickness and treatment outcome in
HRT cycles. Endometrial thickness was regarded as
prognostic parameters for successful pregnancy in
FET. There was no positive pregnancy in patients with
endometrial thickness (<8 mm). This is supported by
study (36, 7) while contradicts (26) and (12) in their
studies in which they concluded that endometrial
thickness at embryo transfer day had not influence
on the pregnancy rate after FET. Also other results
concur with the consensus that there is no endometrial
thickness value that precludes pregnancy (39).

In the present study patients having number of thawed
transferred embryos >=3 have more positive outcome
of FET. A higher number of FETs was associated with
a significant increase in rates of clinical pregnancy,
ongoing pregnancy, and multiple pregnancy. However,
the transfer of more than one embryo should always
be weighed against the risk of multiple pregnancies
(40). According to the results of other investigators,
there is a controversy among studies in the relationship
between the number of embryos transferred and
pregnancy outcome. Some researchers have reported a
higher pregnancy rate with greater number of embryos
transferred (41) and other studies did not support this
relationship (3).

26
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Conclusion

In our study , we found that there were positive effect
in FET of younger age , BMI> 30, , unexplained cause
of infertility , normal semen, endometrial thickness >=
8 mm on FET day , cause of freezing other than excess
embryos, increased number of thawed transferred
embryos. By logistic regression analysis, the most
detector factor for pregnancy outcome was number of
thawed embryo transfer. On the other hand, there were
no significant effect of type and duration of infertility,
LH/FSH ratio, type of stimulation, level of E2 at day of
HCG, origin of sperm, stage of freezing (cleavage or
blastocyst), pregnancy outcome at fresh cycle, duration
of cryopreservation and thawing method.
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