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ABSTRACT

Objective: To investigate the predictive factors for
successful pregnancy in oocyte recipient ICSI cycles in an
egg-sharing donation program.

Methods: Analysed data were obtained via chart re-
view of 1505 vitrified oocytes donated from 268 patients
to 225 oocyte recipients, undergoing 307 ICSI cycles. Pa-
tients were participating in an egg-sharing donation pro-
gram between January 2015 and May 2017. Adjusted gen-
eralised linear models were used to investigate the impact
of oocyte donor and recipient characteristics on recipients’
pregnancy achievement.

Results: Implantation rate in the oocyte donor was
highly correlated with pregnancy achievement in the oo-
cyte recipient’s cycles (ExpB: 1.181, CI: 1.138-1.226,
p<0.001). The ROC curve analysis demonstrated that the
implantation rate in the oocyte donor has a strong pre-
dictive value for pregnancy success in the oocyte recipi-
ent (area under the curve: 0.98, CI: 0.95-0.99, p<0.001).
Pregnancy in oocyte donors and recipients were highly as-
sociated (ExpB: 54.6, CI: 28.1-105.8, p<0.001), regard-
less of the oocyte recipient’s age. In oocyte recipients, the
high-quality embryos rates on days 2 (ExpB: 3.397, CI:
1.635-7.054, p=0.001) and 3 (ExpB: 6.629, CI: 1.185-
37.092, p=0.031), and blastocyst development rates
(ExpB: 2.331, CI: 1.086-5.001, p=0.030) were positively
associated with pregnancy outcome.

Conclusion: The strong association in pregnancy
success between donors and recipients, and the lack of
correlation between donor characteristics and cycles’ out-
comes, demonstrate the power of oocyte quality on the
success of ICSI treatment.
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INTRODUCTION

Since the first birth from an oocyte fertilised in vitro
and transferred to a recipient was reported (Lutjen et al.,
1984), advances in assisted reproductive technologies
(ART) have allowed women who cannot use their own oo-
cytes to achieve a viable pregnancy through oocyte dona-
tion. The success of oocyte donation is reportedly influ-
enced by multiple factors including the age of the oocyte
donor and recipient, the embryo quality, endometrial re-
ceptivity, and others (Yeh et al., 2014; Provost et al., 2016;
Labarta et al., 2017; Capelouto et al., 2018).

Donor age is one of the most significant factors affecting
in vitro fertilisation (IVF) outcomes (Stolwijk et al., 1997;
Tufan et al., 2004). In fact, advancing age not only leads to
declining fertility by reduced oocyte quantity, but also due
to reduced oocyte quality (Baird et al., 2005). Although
the effect of increased maternal age on reproduction has

been widely studied, the influence of the oocyte donor’s
age on the recipient’s pregnancy success is still controver-
sial. While many investigators have reported that recipient
age is inversely related to oocyte donation success (Levran
et al., 1991; Check et al., 1993; Meldrum, 1993; Borini et
al., 1996; Marcus et al., 2016), others have not observed
this relationship (Abdalla et al., 1997; Paulson et al., 1997;
Remohi et al., 1997).

The low variability of age and embryo quality in oocyte
donation programs gives the opportunity for examination
of the independent effect of uterine receptivity on implan-
tation outcomes. The endometrium is a highly dynamic
tissue that undergoes cyclic cellular proliferation, differen-
tiation, and immune cell trafficking in response to changing
circulating ovarian-derived steroids (Valdes et al., 2017).

Accumulated evidence has suggested that there is an
alteration of endometrial receptivity in patients with recur-
rent implantation failure (RIF) (Li et al., 1993; Demirol &
Gurgan, 2004; Margalioth et al., 2006). Despite this, the
role of the endometrial thickness and pattern as predictors
of success in oocyte donation cycles is still controversial
(Abdalla et al., 1994; Zenke & Chetkowski, 2004; Barker et
al., 2009; Oyesanya et al., 2009; Amui et al., 2011; Dain
et al., 2013; Mac Conell et al., 2015; Zhang et al., 2018).

Previous studies have suggested that the body mass
index (BMI) likely plays a role in the poorer endometrial
receptivity in oocyte donation programs. Increasing oo-
cyte recipient BMI was associated with a reduction in clin-
ical pregnancy and live birth rates (Bellver et al., 2007;
2013; Provost et al., 2016). On the other hand, (Luke et
al., 2011) found that increasing BMI was associated with
a significant rise in failure to achieve pregnancy with the
use of autologous oocytes, but no difference with the use
of donor oocytes was observed. Moreover, a systematic re-
view and meta-analysis suggested no effect of recipient
BMI on the chance of pregnancy (Jungheim et al., 2013).

The same lack of consensus is observed concerning the
association of other donor characteristics such as response
to controlled ovarian stimulation (Barton et al., 2010; Bak-
er et al., 2015; Hariton et al., 2017) in recipients’ pregnan-
cy achievement. Therefore, the goal for the present study
was to investigate the predictive factors for successful
pregnancy in oocyte recipient intracytoplasmic sperm in-
jection (ICSI) cycles in an egg-sharing donation program.

MATERIALS AND METHODS

Patients and experimental design

Analysed data were obtained via chart review of 307
ICSI cycles with 1505 vitrified oocytes donated from 177
patients to 225 oocyte recipients in a private universi-
ty-affiliated IVF center. Patients were participating in an
egg-sharing donation program between January 2015 and
May 2017. For this sample size, computed achieved post-
hoc power was 100%, considering pregnancy achievement
as the main outcome measure.
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Oocyte donors were between the ages of 19 and 34
years, and recipients were between the ages of 26 and
50 years. The impact of oocyte donor characteristics (age,
BMI, number of follicles, retrieved oocytes, total dose of
FSH administered for COS, estradiol peak, pregnancy rate
and implantation rate) and recipient characteristics (age,
BMI, endometrial thickness, fertilisation rate, high-qual-
ity-embryos rate on cleavage stage, and blastocyst for-
mation rate) on recipients’ pregnancy achievement was
evaluated.

All patients signed a written informed consent form,
and the study was approved by the local institutional re-
view board.

Controlled ovarian stimulation and
procedures

Controlled ovarian stimulation was performed using re-
combinant follicle-stimulating hormone (r-FSH, Gonal-F®;
Serono, Geneva, Switzerland), with pituitary blockage us-
ing a gonadotropin-releasing hormone (GnRH) antagonist,
cetrorelix acetate (Cetrotide®; Merck KGaA, Serono, Gene-
va, Switzerland).

Follicular growth was monitored using transvaginal
ultrasound examination starting on day 4 of gonadotro-
pin administration. When adequate follicular growth and
serum estradiol levels were observed, leuprolide acetate
(Lupron®; TAP Pharmaceuticals, North Chicago, IL, United
States) was administered to trigger the final follicular mat-
uration. The oocytes were collected 35 hours later through
transvaginal ultrasound ovum pickup.

The recovered oocytes were assessed to determine
their nuclear status. Those in metaphase 1I were vitrified if
destined for the recipients, or submitted to ICSI if destined
for the oocyte donors.

laboratory

Oocyte vitrification and warming

The vitrification and warming procedures were per-
formed using the Cryotop method (Kuwayama et al.,
2005). Within three hours after ovum pickup, vitrification
was achieved by the initial exposure of the oocytes to the
equilibration solution, followed by a 30-second exposure to
the vitrification solution.

Individual oocytes were then picked up in an extremely
small volume (<0.1 mL) of vitrification solution, to facili-
tate rapid cooling, and placed on top of a very fine poly-
propylene strip attached to a hard-plastic handle. As soon
as the oocyte was placed onto the thin polypropylene strip
of the Cryotop, it was immediately submerged vertically
into liquid nitrogen. Then the thin strip was covered with a
hard-plastic cover on top of the Cryotop sheet.

For warming, the protective cover was removed from
the Cryotop while it was still submerged in liquid nitrogen,
and the polypropylene strip of the Cryotop was immersed
directly into the thawing solution at 37°C for 1 minute.
Oocytes were retrieved and transferred into dilution solu-
tion for 3 minutes and then washed twice in the washing
solution for 5 minutes each.

The tools and solutions required for the vitrification and
warming processes were obtained from Kitazato® (Tokyo,
Japan).

Within three hours after warming, oocytes were sub-
mitted to ICSI following routine procedures (Palermo et
al., 1997).

Embryo culture and morphology evaluation

Approximately 16 hours after ICSI, fertilisation was
confirmed by the presence of two pronuclei and the ex-
trusion of the second polar body. The embryos were main-
tained in a 50 pL drop of culture medium (Global®; Life-
Global, CT, USA) covered with paraffin oil in a humidified
6% CO, atmosphere at 37°C for three days.
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The embryo morphology was assessed 16-18 h
post-ICSI and on the mornings of days two, three, and
five of embryo development using an inverted Nikon Di-
aphot microscope (Eclipse TE 300; Nikon, Tokyo, Japan)
with a Hoffmann modulation contrast system under 400X
magnification.

To evaluate the cleavage-stage morphology, the fol-
lowing parameters were recorded: the number of blasto-
meres, the percentage of fragmentation, the variation in
blastomere symmetry, the presence of multinucleation,
and the defects in the zona pellucida and cytoplasm. The
high-quality cleavage-stage embryos were defined as
those with all of the following characteristics: four cells on
day two or 8—10 cells on day three, <15% fragmentation,
symmetric blastomeres, the absence of multinucleation,
colourless cytoplasm with moderate granulation and no
inclusions, the absence of perivitelline space granularity
and the absence of zona pellucida dysmorphism. Embryos
lacking any of these characteristics were considered to be
of low quality.

To evaluate the blastocyst morphology, embryos were
given a numerical score from one to six based on their
degree of expansion and hatching status as follows: 1, an
early blastocyst with a blastocoel that was less than half of
the volume of the embryo; 2, a blastocyst with a blastocoel
that was greater than half of the volume of the embryo; 3,
a full blastocyst with a blastocoel that completely filled the
embryo; 4, an expanded blastocyst; 5, a hatching blasto-
cyst; and 6, a hatched blastocyst. Full, expanded, hatch-
ing, and hatched blastocysts were classified as complete
blastocysts.

Full blastocysts onwards, presenting morphologically
normal inner cell mass (ICM) and trophectoderm (TE) were
defined as high-quality blastocysts. A tightly packed ICM
presenting many cells was defined as a high quality ICM.
Similarly, the TE was classified as high quality by the pres-
ence of many cells forming a cohesive epithelium.

Endometrial preparation

For donors, on the day after ovum pick-up, 600 mg of
progesterone (Utrogestan®; Farmoquimica, Rio de Janeiro,
Brazil) was vaginally administered per day. In the case of
a positive B-hCG test, progesterone treatment was main-
tained until week 12 of gestation or was suspended in the
case of a negative B-hCG test.

For recipients, after menses, endometrial development
was followed by ultrasound examination, and the patients
received 200 pg of transdermal 17-B oestradiol every 3
days (Estradot®; Noven Pharmaceuticals, Miami, USA).

Approximately 14 days after initiation of 17- oestradi-
ol administration, serum E2 levels and endometrial thick-
ness were determined. When the endometrium showed
proliferative morphology and thickness of at least 7.5 mm,
600 mg of progesterone (Utrogestan®; Farmoquimica, Rio
de Janeiro, Brazil) was vaginally administered per day.

Both 17-B oestradiol and progesterone were adminis-
tered concomitantly after embryo transfer and were sus-
pended in the case of a negative B-hCG test. In the case of
a positive B-hCG test, the 17-B oestradiol and progester-
one treatments were maintained until weeks 6 and 12 of
gestation, respectively.

Embryo transfer and clinical follow-up

Embryo transfers were performed on day 5 of embryo
development and one or two embryos were transferred per
patient.

A pregnancy test was performed 10 days after embryo
transfer. All women with a positive test had a transvaginal
ultrasound scan 2 weeks after the positive test. A clinical
pregnancy was diagnosed when the foetal heartbeat was
detected. Pregnancy rates were calculated per transfer.
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The implantation rate was calculated by dividing the nhum-
ber of gestational sacs with foetal heartbeats by the nhum-
ber of transferred embryos. Miscarriage was defined as
clinical pregnancy loss before 20 weeks.

Data analysis and statistics

Computed achieved post-hoc power was 100%, consid-
ering pregnancy achievement as the main outcome mea-
sure. The calculation was performed using G*Power 3.1.7.
Data are expressed as the mean + standard deviation for
continuous variables, while percentages are used for cat-
egorical variables. General Mixed Models (GMM) fit by re-
stricted maximum likelihood was used to investigate the
impact of oocyte donors’ and recipients’ characteristics on
recipients’ pregnancy achievement.

Linear mixed effects models were generated using co-
variates as fixed effects and egg-donors and egg-recipients
as random effects, with unstructured covariance structure.
A Gaussian distribution was assumed, and we checked the
normal distribution of model residuals to confirm goodness
of fit. Final model selection was decided using Akaike’s In-
formation Criterion (AIC) and Schwarz's Bayesian Criteri-
on.

In a further step, a receiver operating characteristic
(ROC) curve was constructed to investigate the predictive
value of oocyte donor implantation rate on oocyte recipient
pregnancy achievement.

The results are expressed as exponentiation of regres-
sion coefficient (ExpB), standard errors, 95% confidence
interval (CI) and p-values. The ROC curve results are ex-
pressed as area under the curve (Gawecka et al., 2013)
with 95% CI. A p<0.05 was considered statistically signif-
icant. Data analyses were conducted using the SPSS Sta-
tistics 21 (IBM, New York, NY, USA) and MedCalc Statistical
Software version 16.4.3 (MedCalc Software bvba, Ostend,
Belgium; https://www.medcalc.org; 2016).

RESULTS

The donors’ and recipients’ characteristics are de-
scribed in Table 1.

Implantation rate in oocyte donors was highly correlat-
ed with pregnancy achievement in oocyte recipient cycles
(ExpB: 1.181, CI: 1.138-1.226, p<0.001). Pregnancies
in oocyte donors and recipients were highly associated
(ExpB: 54.6, CI: 28.1-105.8, p<0.001), irrespective of oo-
cyte recipient age. Oocyte donor age, body mass index,
number of follicles, retrieved oocytes, total dose of FSH
administered and estradiol peak were not associated with
oocyte recipient pregnancy achievement (Table 2).

In oocyte recipients, no effect of the BMI, endometrial
thickness and fertilisation rate on pregnancy success could
be noted, but the high-quality embryos rates on days 2
(ExpB: 3.397, CI: 1.635-7.054, p=0.001) and 3 (ExpB:
6.629, CI: 1.185-37.092, p=0.031) and blastocyst devel-
opment rates (ExpB: 2.331, CI: 1.086-5.001, p=0.030)
were positively associated with pregnancy results. The age
negatively influenced the pregnancy outcomes (Table 3).

The ROC curve analysis (Fig. 1) demonstrated that the
implantation rate in oocyte donors has a strong predictive
value for the achievement of pregnancy in oocyte recipi-
ents (area under the curve: 0.98, CI: 0.95-0.99, p<0.001).

DISCUSSION

The use of IVF with donor oocytes has become an in-
creasingly common treatment for women who are unable
to conceive using their own oocytes. Data from the Society
for Assisted Reproductive Technology (Luke et al., 2011)
in the United States demonstrated that >9000 donor oo-
cyte-recipient cycles were initiated in 2014 and 2015 (Dyer
et al., 2016). However, considering the inconsistency of
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Table 1. Demographic and cycle characteristics for
oocyte donors and recipients

Oocyte donors

Age 30.1 £ 3.2 years
Body mass index 28.9 £ 3.7 kg/m?
Number of follicles 23.4 £ 13.7
Retrieved oocytes 18.7 £ 15.4

Total dose of FSH 2515.8 =+ 675.1 IU
4376.1 + 2372.2 pg/mL
120/255 (47.1)

29.4 £ 40.1%

Estradiol peak

Pregnancy rate (%)

Implantation rate

Oocyte recipient

Age 41.7 £ 7.5 years

32.8 £ 4.3 kg/m?
11.5 £ 2.3 mm
81.4 £ 16.8%
41.7 + 45.8%

Body mass index

Endometrial thickness

Fertilisation rate

High-quality embryos rate
on D2

High-quality embryos rate
on D3

36.2 £ 42,2%

Blastocyst formation rate 41.1 + 38,3%
116/294 (39.5)

29.6 £ 40.4%

Pregnancy rate (%)

Implantation rate

previously published reports, the analysis of factors which
may predict the pregnancy outcome is needed. In the pres-
ent study, the predictive factors of successful pregnancy in
oocyte recipient cycles were investigated in an egg-shar-
ing donation program. Oocyte donor implantation rate and
successful pregnancy, high-quality embryos rate, and blas-
tocyst development rate predict pregnancy achievement in
the oocyte recipient cycle.

Intriguingly, the recipient’s, and not the donor’s, age
negatively correlated with the pregnancy success. Donor
age was supposed to be the most significant factor affect-
ing IVF outcome. It is well established that female fertility
decreases with increasing age as a reflection of not only
declining oocyte quantity but also declining oocyte quality.
In the present study, the reason why no correlation be-
tween the oocyte age and implantation could be noted may
be due to the selection of oocyte donors, usually young
women with a good prognosis, leading to low variability of
age and oocyte quality.

As for the effect of the recipient’s age on a cycle’s out-
come, it could be argued that the recipient’s age may be
one of the factors implicated in the cross-talk between
the embryo and the endometrium preceding implantation.
Some studies found that recipient age has a negative im-
pact on embryo implantation (Moomjy et al., 1999; Harris
et al., 2002; Huang et al., 2008), while others reported
that the age of the uterus does not affect embryo implan-
tation rates, at least while cyclic hormonal stimulation and
menstruation are present (Noci et al., 1995; Abdalla et
al., 1997; Garcia-Velasco et al., 2003; Zenke & Chetkows-
ki, 2004). However, some of these studies suggested that
uterine receptivity is reduced for women over 40 years of
age (Noci et al., 1995; Abdalla et al., 1997). In addition,
the advanced age of the recipients was also associated
with a significantly increased miscarriage rate (Huang et
al., 2008).
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Table 2. Association between donors * characteristics on oocyte recipient pregnancy achievement
Oocyte donor characteristics Qocyte recipient pregnancy
B ExpB SE CI P

Age 0.022 1.023 0.033 0.958-1.092 0.502
Body mass index -0.016 0.984 0.0373 0.915-1.059 0.665
Number of follicles -0.012 0.988 0.0097 0.969-1.007 0.222
Retrieved oocytes -0.0001 1.000 0.0082 0.984-1.016 0.988
Total dose of FSH 0.0004 1.000 0.0002 1.000-1.001 0.096
Estradiol peak -0.00003 1.000 0.00006 1.000-1.000 0.642
Pregnancy rate 3.999 54.553 0.3381 28.122-105.824 <0.001
Implantation rate 0.166 1.181 0.0190 1.138-1.226 <0.001

B: regression coefficient;SE: standard error;ExpB: exponentiation of B;CI: 95% confidence interval.

Table 3. Association between recipients® characteristics on oocyte recipient pregnancy achievement
Recipient characteristics Oocyte recipient pregnancy
B ExpB SE CI p

Age -0.056 0.945 0.0228 0.904-0.988 0.013
Body mass index 0.040 1.041 0.0264 0.988-1.096 0.132
Endometrial thickness -0.054 0.947 0.0683 0.829-1.083 0.847
Fertilisation rate 0.007 1.007 0.0056 0.996-1.018 0.232
High-quality embryos rate on D2 1.223 3.397 0.3729 1.635-7.054 0.001
High- quality embryos rate on D3 1.140 6.629 0.3888 1.185-37.092 0.031
Blastocyst formation rate 0.846 2.331 0.3895 1.086-5.001 0.030

B: regression coefficient;SE: standard error;ExpB: exponentiation of B;CI: 95% confidence interval.
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Figure 1. Receiver operating characteristic (ROC) curve
for predicting recipients’ clinical pregnancy using donors’
implantation rate as test variable
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The underlying factors that decrease endometrial re-
ceptivity in older women are still unclear; however, it has
been suggested that the endometrium from these pa-
tients may undergo a reduction in progesterone receptors
(Meldrum, 1993; Weckstein et al., 1993; Tapia-Pizarro et
al., 2014).

Curiously, the recipients’ endometrial thickness did
not influence the pregnancy rate. Endometrial thickness
and pattern have been evaluated as possible predictors
of pregnancy in multiple studies, with conflicting results.
Some investigators have reported significant correlations
between pregnancy rate and endometrial thickness or pat-
tern (or both) (Al-Ghamdi et al., 2008; Zhao et al., 2012).
Others have not shown such a relationship (Dietterich et
al., 2002; Rashidi et al., 2005).

A recent meta-analysis showed that clinical pregnancy
rates were significantly lower in women with endometrial
thicknesses <7 mm at the end of ovarian stimulation (Ka-
sius et al., 2014). Although Arce et al. (2015) reported that
endometrial thickness =5 mm is a reasonable parameter
for determining success in oocyte donation cycles, the best
reproductive outcomes tend to be achieved if the endome-
trium is >8-9 mm (Dain et al., 2013).

According to Zhao et al. (2014), an endometrium with
adequate growth, a triple-line on B-hCG day, or both, seems
to be favourable for pregnancy. The endometrial thickness,
however, is not prognostically useful in predicting the oc-
currence of pregnancy. In addition, for the present study,
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recipients were administered hormone replacement ther-
apy for endometrial preparation, and apparently the en-
dometrial thickness in artificially prepared cycles does not
seem to influence pregnancy outcome. Noteworthy is that
only a very small proportion of cycles demonstrated a thin
endometrium after artificial preparation.

Our results also showed that the embryo quality in the
cleavage stage, the blastocyst formation, and donor clini-
cal outcomes are positively correlated with pregnancy suc-
cess. was here We proposed the donor oocyte model as a
strategy to investigate the effects of characteristics such
as endometrial receptivity on a cycle’s outcomes, as oo-
cytes were often obtained from young donors with a good
prognosis. However, except for the age, no other recipi-
ents’ characteristics affected the pregnancy result.

On the other hand, a very strong correlation between
donors’ and recipients’ clinical outcomes was noted. Our
evidence demonstrated that the chance of successfully
achieving a pregnancy is drastically increased (more than
54 times) when the pregnancy result was positive in the
donor cycle. In addition, the ROC curve analysis demon-
strated that the donor’s implantation rate can predict re-
cipient pregnancy with a 98.0% accuracy.

Since oocyte donors are usually young women with
good a prognosis, and considering the emotional and eco-
nomic burdens involved in assisted reproduction treat-
ments, the abovementioned information may be extremely
valuable for counselling patients of advanced age contem-
plating pregnancy.

To the best of our knowledge, for the first time in an
egg-sharing donation program, a correlation between do-
nors’ and recipients’ clinical outcomes was demonstrated.
It could be argued that the population evaluated here dif-
fers from that in most other studies, in which oocytes are
obtained from young fertile oocyte donors. Indeed, in Bra-
zil, until very recently egg donation could not be conducted
for profitable purposes; therefore, surplus oocytes were
only obtained from patients that are undergoing IVF treat-
ments, and the oocytes available for donation originated
from infertile couples. This creates an interesting situation
in which the functionality of oocytes derived from infertile
couples could be analysed.

In conclusion, oocyte donor implantation and success-
ful pregnancy rates, high-quality embryos rate, and blasto-
cyst development rate predict pregnancy in the oocyte re-
cipient cycle. The strong association in pregnancy success
between donors and recipients, and the lack of correlation
between donor characteristics and cycles’ outcomes, high-
light the importance of the oocyte quality on the success
of ICSI treatment.
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