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Introduction

Controlled ovarian stimulation protocols during assisted reproduction
techniques lead to the production of oocytes with great heterogeneity
in both number and quality. The classical evaluation of the oocyte
quality is based on the morphological characteristics of cumulus—
oocyte complexes (COCs) and the presence of intracytoplamic [refrac-
tile bodies, dense cellular granulation, vacuoles, smooth endoplasmic
reticulum (SER)] and extracytoplasmic (first polar body morphology,
perivitelline space size and granularity, zona pellucida defects, shape
anomalies) dysmorphisms of the oocytes. In the recent report of the Is-
tanbul Consensus Workshop on embryo assessment (Alpha Scientists in
Reproductive Medicine and ESHRE Special Interest Group of Embry-
ology, 201 1), it has been agreed that, although the influence of the ma-
jority of oocytes dysmorphisms on the predictive value for IVF success
is still controversial (Rienzi et al., 201 1), the presence of SER aggregates
is associated with an increased risk of an abnormal outcome. This conclu-
sion was based on previously reported cases of Beckwith—Wiedmann
syndrome (Otsuki et al., 2004), diaphragmatic hernia (Ebner et dl.,
2008), multiple malformations (Akarsu et al., 2009) and ventricular
septal defect (Sa et al., 201 1) after transfer of embryos originated from
SER-positive oocytes. Therefore, it was strongly recommended that
oocytes displaying SER should not be inseminated (Alpha Scientists
in Reproductive Medicine and ESHRE Special Interest Group of
Embryology, 201 1).

Considering the reported findings, we were interested to retrospect-
ively analyze the clinical and neonatal data of ICSI cycles that involved
embryo transfer (ET) of embryos originating from oocytes displaying
SER (SER+MII), in order to see whether our data support the alarming
reports. In addition, we investigated the clinical and embryological data of
ICSI cycles that showed at least one SER+MIl and compared them with
ICSI cycles with oocytes without (SER —MIl) within the same period.

Materials and Methods

All consecutive ICSl cycles (n = 7239) carried out between | February 2009
and 30 April 201 | were included, except the cycles with PGD treatments.
As the study was a retrospective observational one, no permission from
the Institutional Review Board was necessary.

Ovaryan stimulation and oocyte retrieval

The patients underwent either natural or stimulated cycles. In the latter
cases, the ovarian stimulation was performed using urinary (Menopur,
Ferring Pharmaceuticals A/S, Copenhagen, Denmark) or recombinant
FSH (Puregon, NV Organon, Oss, The Netherlands; Gonal F, Merck-Serono,
Geneva, Switzerland) in combination with GnRH antagonist (Orgalutran, NV
Organon) or agonist (Suprefact, Aventis Pharma, Frankfurt, Germany). Final
oocyte maturation was induced by injection of hCG (Pregnyl; Schering-
Plough, Oss, The Netherlands, or Profasi, Merck-Serono). Oocyte retrieval
was carried out using vaginal ultrasound-guided puncture of ovarian follicles
36 h after hCG administration.

Embryo culture and evaluation

The oocyte denudation and ICSI procedure were carried out as described by
Van Landuyt et al. (2005). At the time of ICSI, each oocyte was evaluated for
the presence of cytoplasmic abnormalities using an inverted microscope and
datawere recorded. The large SER presentin the cytoplasm of Ml resembles
a vacuole but can be easily distinguished from a vacuole since it is not fluid
filled and not separated from the rest of the cytoplasm by a membrane
(Ebner et al., 2006) (Figure ). Throughout this report, the term SER refers
only to this dysmorphism, which is visible with the inverted microscope,
and not to the presence of small, rounded SER aggregates associated with
mitochondria that are typical of the normal human MIl oocyte, as seen by
light and transmission electron microscopy analysis (Nottola et al., 2007;
Sathananthan, 2013).

The zygotes and embryos were cultured in vitro at 37°C in an atmosphere
of 6% CO,, 5% O, and 89% N, in individual 25 .l droplets of sequential
media. Fertilization was assessed | 6— 18 h afterinsemination by the presence
of two pronuclei (PN). Evaluation of Day 3 embryos was based on the
number and symmetry of blastomeres, percentage of fragmentation, vacuo-
lization, granulation and multinucleation. Blastocysts were scored according
to the grading system of Gardner and Schoolcraft (1999). Embryo transfer
was performed at either Day 3 or Day 5 using a soft catheter (K-Soft 5100;
Cook, Brisbane, Australia).

Embryos were considered for transfer on Day 3 if at least five blastomeres
were present with no more than 50% fragmentation. Embryos with four blas-
tomeres were exceptionally taken into account if they had further developed
between Day 2 and Day 3. Cryopreservation of the embryos was performed
on Day 3 ifatleast six blastomeres were present with no more than 20% frag-
mentation.

On Day 5, fully compacted embryos and early blastocysts to fully expanded
or hatching blastocysts were considered for transfer. Expanded blastocysts
fulfilled the criteria for transfer if they had at least an inner cell mass type C
and trophectoderm quality type B. On Day 5, early blastocysts or full,

Figure | Metaphase Il oocyte displaying the SER dysporphism.
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expanded or hatching blastocysts with ICM and trophectoderm type A or B
were considered eligible for cryopreservation. On Day 6, only full, expanded
or hatching blastocysts with ICM and trophectoderm type A or B were cryo-
preserved.

The presence of SER was not taken into account when choosing the
embryo for transfer or cryopreservation.

Outcome parameters

The embryological outcome measures were the fertilization rate (the mean
percentage of fertilized Mll perinjected Ml per cycle) and cycle efficiency for
SER+ cycles (cycles with at least one SER+MII) and SER— cycles (cycles
without SER+MII). Within SER+ cycles, the fertilization rate and the devel-
opmental capacity rate for SER+MIl and SER—MIl were evaluated. The
terms cycle efficiency and developmental capacity are defined as the percent-
age of embryos transferred and cryopreserved per Mll, but cycle efficiency is
used to compare the SER+ and SER — cycles, while developmental capacity
is used within the SER+ cycles to compare sibling SER+MIl and SER —MIl.

The following clinical outcome measures were analyzed per ET: pregnancy
rate (positive hCG), biochemical pregnancy rate [pregnancy diagnosed only
by the detection of hCG that does not develop into a clinical pregnancy (CP)]
and CP rate (pregnancy with an gestational sac seen at transvaginal ultra-
sound scan at least 5 weeks after embryo transfer). Furthermore, the dur-
ation of pregnancy (weeks of gestation starting with oocyte pick up day
plus 2 weeks) was also analyzed.

The neonatal data that were analyzed included the birthweight and pres-
ence of major malformation at delivery, defined as a malformation that gen-
erally causes functional impairment or severe disfigurement and/or requires
surgical corrections (Bonduelle et al., 2002).

Statistical analyses

Student’s t-test was used to compare embryological data between SER+- and
SER— cycles (unpaired test) and between SER+MIl and SER —MIl within the
SER+ cycles (paired test). y* test was used to compare the clinical outcomes.
To compare the weeks of gestation and birthweight, unpaired Student’s t-test
was used between SER+ and SER — cycles, while one-way analysis of variance
(ANOVA) test was used for comparison between the three subgroups within
SER+ cycles. P values of <<0.05 were considered statistically significant.

Results

Out of the 7239 ICSI cycles included in the study, 394 were SER+ cycles
and 6845 were SER — cycles, with no difference in the mean female age.

Embryological and clinical outcome
of SER+ and SER— cycles

Regarding the embryological outcome of the two groups (Table I), the
mean number of COCs was significantly higher in SER+ (I 1.5) than in
SER— (8.9) cycles, but the mean percentage of Ml per cycle was com-
parable. Moreover, the fertilization rate was similar for SER+ and
SER— cycles.

Concerning the transfer rate per oocyte retrieval, no difference was
observed between SER+ and SER— cycles, with a mean number of
transferred embryos per transfer being 1.8 and 1.7, respectively.

For the analysis of the cycle efficiency in the two groups, we have
considered the cycles with Day 3 or Day 5 embryo cultures separately.
No difference in the cycle efficiency was observed for cycles with
culture up to Day 3. However, the cycle efficiency was significantly
lower in the SER+ cycles than that in the SER— cycles (42.2 versus
62.8%) when embryos were cultured up to Day 5.

Regardingthe clinical outcome (Table I), the pregnancy and CPrates per
transfer were comparable among SER+ and SER— cycles. Considering
the clinical pregnancies with fetal heart beat (FHB), similar results were
obtained in the two groups. As several ongoing pregnancies were lost to
follow-up (the majority of which were patients from abroad) in the
SER — cycles, statistical analysis was not performed for further parameters.

Embryological and clinical outcome
of SER+ and SER—MII in SER+ cycles

In the next step we were interested in analysing the outcome of SER+MII
and SER —Mll from the SER+ cycles (Table Il). Of the 4557 COCs, 3759
contained were MIl oocytes with a mean % of Ml oocytes/cycle being
significantly lower for SER+MII than for SER —MII (24.8 versus 75.2%,
respectively). Fertilization rates as well as |PN and 3PN rates were
similar between SER-+MIl and SER—MII. The capacity of MIl oocytes
to develop into good-quality embryos was not different between
SER+MII and SER—MII, whether it was a Day 3 or Day 5 culture
(Table II).

In Table Ill, the clinical outcome was compared between SER+ and
SER—MII within SER+ cycles. From the 394 SER+ cycles, 364 had ET
and were divided in three subgroups: (i) ETs performed with only
SER+MII (n=31; 8.5%), (i) ETs performed with only SER—MIl (n =
235; 64.5%) and (iii) ETs performed with mixed SER+ and SER—MI
(n = 98; 26.9%). The pregnancy, implantation and CP rates were similar
among the three subgroups. From the cycles with known outcome, 81 de-
liveries and 94 newborns were reported with 6, 53 and 22 deliveriesand 7,
62 and 25 newborns in the respective groups. In addition, one induced
abortion was performed at 12 weeks of gestation from a mixed ET (3
embryos transferred from which | SER+MII, resulting in 2 gestational
sacs and | FHB) due to abnormal 47,XX,+- 18 karyotype.

When analysing the neonatal data from the three subgroups of SER+
cycles, no difference was observed in the weeks of gestation and birth-
weight of the newborns (Table IV). Moreover, no difference was
observed when these parameters were compared between SER+ and
SER— cycles.

Regarding the presence of major malformations at delivery, similar
rates were observed between SER+ cycles [5 cases: trisomy 21
(47XY + 21), duplicated kidney, hypospadias and two cases of brachialis
paresis] and SER — cycles (31 cases) (Table IV). All the five live births with
major malformations were from the subgroups where embryo transfer
was performed with SER —Mll or mixed SER+ and SER —MII.

Of the seven newborns who definitely originated from SER-+MII
embryos, five were from singleton deliveries and two were from a twin
delivery. One of the deliveries was a consequence of single ET from a
cycle were all the oocytes (three) were SER positive. Additionally two
ETs with mixed SER+ and SER—MIl led to twin deliveries. From these
I'I newborns in total, no major malformations are reported. In addition,
three newborns from single ET with frozen—thawed embryos originated
from SER+MIl oocytes were delivered and presented no major malfor-
mation.

Discussion

The aim of the present study was to analyze the capacity of embryos ori-
ginating from SER+4-MIl to develop normally and to lead to healthy new-
borns without major malformation. It has been suggested that the
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Table | Embryological and clinical outcomes of the SER+ and SER— cycles.

SER+ cycles SER— cycles P value
Embryological outcomes

Age 34.6 £ 0.2 349 +0.1 NS

Nr. cycles 394 6845

Mean nr. COCs/cycle 1.5+ 0.4* 89 + 0.1 <0.001

% Mll/cycle 83.6+0.8 823+02 NS

% Fertilized Mll/injected MII 762+ 1.0 735403 NS

Cycles with ET (%) 364 (92.4) 6162 (90.0) NS

Mean nr. embryos transferred/ET 1.8 + 0.05 1.7+ 0.01 NS

Cycle efficiency® (Day 3 and Day 5 ETs) 58.7 + 1.5% 654+ 0.3 <0.001
Day 3 ET 65.1 £ 1.7 66.2 + 0.42 NS
Day 5 ET 42.2 +2.3* 628 + 1.5 <0.001

Clinical outcome (%)

Pregnancy/ET 137/364 (37.6) 2321/6162 (37.8) NS
Lost to follow-up (only hCG results)/ET 7/364 (1.9) 178/6162 (2.9) NS
Biochemical pregnancy/ET® 12/357 (3.4) 206/5984 (3.4) NS

CP/ET® 118/357 (33.0) 1937/5984 (32.4) NS
Ectopic pregnancies/ET® 1/357 (0.3) 52/5984 (0.8) NS
Spontaneous abortions/ET® 20/357 (5.6) 236/5984 (3.9) NS

Clinical pregnancies with FHB/ ET® 97/357 (27.2) 1649/5984 (27.6) NS
Lost to follow-up/ET® 8/357 (2.2)* 295/5984 (4.9) <0.05
Lost to follow-up/CP with FHB 8/97 (8.2)* 295/1649 (17.9) <0.05
Induced abortions/ET* 1/349 (0.3) 8/5689 (0.1) ND
Spontaneous abortions/ET® 6/349 (1.7) 96/5689 (1.7) ND
Stillborn deliveries/ET® 1/349 (0.3) 24/5689 (0.4) ND

Deliveries with live births/ET® 81/349 (23.2) 1226/5689 (21.5) ND

Values are expressed as 4+ SEM where appropriate. NS, no significant difference; ND, not done.
Cycle efficiency defined as % of embryos transferred and cryopreserved per fertilized Ml per cycle.

PExcluding the ET from patients with +-hCG that were lost to follow-up.
“Excluding the ET from patients with CP with FHB that were lost to follow-up.
*Significant difference.

presence of SER in the cytoplasm of an oocyte may interfere with normal
calcium stores and calcium oscillations during fertilization, and therefore
may have a detrimental effect on embryo development and implantation
(Otsuki et al., 2004; Ebner et al., 2008). Previous investigations (Otsuki
et al., 2004; Ebner et al., 2008; Akarsu et al., 2009; Sd et al., 201 1) con-
cluded that SER is associated with lower clinical and newborn outcomes,
as well as with imprinting disorders and major malformations (54 et al.,
2011). The present study reports the delivery of healthy babies after
transfer with embryos originating from SER+ oocytes. This study
includes the highest number of SER+ cycles analyzed so far.

Our data show that ~5% of the ICSI cycles taken into consideration
had at least one SER+MII oocyte. Although these SER+ cycles have a
similar fertilization rate to those with only SER —MIl, the overall cycle ef-
ficiency was lower if extended culture was performed. Nevertheless,
SER+MIl showed the same capacity to develop into good-quality
embryos as their sibling SER — MIl within the SER+ cycles. This supports
the idea that the intrinsic developmental capacity of the entire cohort of
oocytes from SER+ cycles, rather than SER+Mll only, was reduced. Our

embryological data from the SER+ and SER— cycles are in line with the
reports of Otsuki et al. (2004) and Ebner et al. (2008) but are in contra-
diction with the findings of Sa et al. (201 1) which showed a lower fertil-
ization and embryo quality rate in the SER+ cycles. However, when
analysing only SER+ cycles, Ebner et al. (2008) found significantly
lower fertilization rates in SER+MII, which contradicts our findings.

Regarding the clinical data, we found similar outcomes between the
SER+ and SER— cycles. Similar results for CP rates were reported by
Ebner et al. (2008) and Sa et al. (2011), while Otsuki et al. (2004)
showed a lower CP rate and a higher biochemical pregnancy rate in
the SER+ cycles.

As our main goal was to study the clinical and neonatal outcomes from
the embryos originating from SER+MIl oocytes, ETs from SER+ cycles
were subdivided in ET with SER+MIll only, SER —MIl only and with mixed
SER MII. We showed that most of the ETs were performed with only
SER—MII. This means that, despite the similar fertilization and embryo
development of the SER+ and SER—MII, there was a preferential
choice of embryos originated from SER—MII. However, our results
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showed no difference in the clinical outcomes between the three groups.
In contrast, Sa et al. (201 1) demonstrated lower biochemical and CP
rates after transfer of mixed or pure SER+MII.

Regarding the neonatal data, we found no significant difference in the
birthweight and weeks of gestation neither between the three subgroups
of SER+ cycles, nor between SER+ and SER — cycles. Similar findings on
birthweight but a shorter gestational time in the SER+ cycles was
reported by Saetal. (201 1), while Ebneretal. (2008) found a lower birth-
weight.

Table Il Embryological outcomes of the SER+ and
SER—MII from 394 SER+ cycles.

SER+MIl SER-MIl P

Embryological outcomes
Number of Mll 663 3096
% MIl +/ —SER/cycle 2484+ 09% 752+04 <00l

% Fertilized Mll/injectedMIl 729 + 1.6 770+ 04 NS
% |PN/injected Ml 34+06 2.6+ 0.1 NS
% 3PN/injected Ml 28406 2.7+ 0.1 NS
Developmental capacity® 57.6 +2.3 59.0+ 1.8 NS
(Day 3 and Day 5 ETs)
Day 3 623+27 637+18 NS
Day 5 454+42 474426 NS

Values are expressed as 4 SEM where appropriate. NS, no significant difference.
Developmental capacity defined as % of embryos transferred and cryopreserved per
fertilized MIl per SER+ cycle.

*Significant difference.

Table Il Clinical outcomes of ET in SER+ cycles.

Previous publications that raised concerns on using SER+Ml! for ICSI
and ET reported one neonatal death (Ebner et al., 2008) and major mal-
formations (Otsuki et al., 2004; Ebner et al., 2008; Akarsu et al., 2009; Sa
etal., 201 1)in SER+ cycles. Nevertheless, when SER+ and SER — cycles
were compared, similar rates were observed. In line with the findings of
Saetal. (201 1) and Ebneretal. (2008), we found no difference in the rate
of major malformations between SER+ cycles and SER— cycles.
However, contrary to previous studies, we do not report any major mal-
formations in the neonates originated from SER+MII.

The abnormal neonatal outcome presented in some of the previous
reports failed to provide a clear link between the presence of SER aggre-
gates and abnormal neonatal outcome. Otsuki et al. (2004) reported a
case of Beckwith—Wiedemann syndrome in a case of an SER+MII
oocyte that proceeded to a CP. Because this imprinting disorder is con-
sidered to occur more frequently in children conceived after ART thanin
children conceived spontaneously (Manipalviratn et al., 2009), it is not
clear whether its occurrence is linked to the ART procedure itself or
to the presence of SER aggregates (Otsuki et al., 2004), or whether
there is a direct association between genomic imprinting defects and
SER aggregations.

Akarsu et al. (2009) published the first case report presenting three
consecutive ICSI cycles with all oocytes being SER+-. After ET, two
cycles ended up in clinical ongoing pregnancies with multiple fetal anom-
alies. As the karyotype was normal, a question was raised whether the
abnormalities were a consequence of small chromosomal aberrations
notdetectable on the normal G-banding karyotype or of epigenetic mod-
ifications, associated or not with the presence of SER. In our data, one
patient, with all oocytes presenting SER, delivered a healthy newborn,
without major malformations.

There is currently no explanation for the variability in embryological
and clinical results across the studies and the underling mechanism that

Clinical outcome (%) ET with only SER+MII
Nr. ETs (%) 31/364 (8.5)
Nr. embryos transferred 37
Pregnancy/ET (%) 8/31 (25.8)
Lost to follow-up/ET (only hCG results; %) 0/31 (0.0)
Biochemical pregnancy/ET? (%) 1731 3.2)
CP/ET? (%) 7/31 (22.6)
Ectopic pregnancies/ ET* 0/31
Spontaneous abortions/ ET* (%) 1731 (3.2)
Clinical pregnancies with FHB/ ET* (%) 6/31 (19.3)
Lost to follow-up/ET? 0/31
Induced abortions/ET® 0/31
Spontaneous abortions/ ET® (%) 0/31(0.0)

Still born deliveries/ET® 0/31

Deliveries with live births/ET® (%) 6/31(19.3)
Live born children/ET® (%) 7/31(22.6)
Implantation rate (FHB/embryo transferred®; %)  7/37 (18.9)

ET with only SER—MII ET with mixed SER Ml P value
235/364 (64.5) 98/364 (26.9) ND
411 251

88/235 (37.4) 41/98 (41.8) NS
4/235(1.8) 3/98 (3.0) ND
9/231 3.9) 2/95 (2.1) NS
75/231 (32.4) 36/95 (37.9) NS
1/231 0/95 ND
117231 (4.8) 8/95 (8.4) NS
63/231(27.3) 28/95 (29.5) NS
5/231 3/95 ND
0/226 1795 (47 XX, +18) ND
4/226 (1.8) 2/92(2.2) ND
1/226 0/92 ND
53/226 (23.4) 22/92 (23.9) ND
62/226 (27.4) 25/92 (27.2) ND
70/403 (17.4) 32/244 (13.1) NS

NS, no significant difference; ND, not done.
?Excluding the ET from patients with +hCG that were lost to follow-up.
®Excluding the ET from patients with CP with FHB that were lost to follow-up.
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Table IV Neonatal outcomes.

Neonatal data SER— SER+ Pvalue  SER+ cycles subgroups

cycles cycles ET with only ET with only ET with mixed SER+ P value

SER+MII SER—-MII and SER—MII

Nr. newborns 1458 94 7 62 25
Weeks of gestation 38.0 + 0.08 380+ 0.3 NS 388+ 0.8 377+ 04 387403 NS
(mean + SEM)
Birthweight 29833 +20.1 3053.3+853 NS 3170.0 + 236.0 2991.6 + 110.0 3235.6 + 110.0 NS
(mean g + SEM)
Major malformations/  31/1458 5/94 (5.3%) NS 0/7 (0.0%) 3/62 (4.8%) 2/25 (8.0%) ND
live birth (2.1%)

NS, no significant difference; ND, not done.
Values are expressed as + SEM where appropriate.

leads to the appearance of SER aggregates is still unknown. It has been
suggested that their appearance is a consequence of inadequate
ovarian stimulation (Sathananthan et al., 1988; Van Blerkom, 1990).
However, different groups have observed a positive correlation
between the presence of SER and serum estradiol concentrations on
the day of ovulation induction (Otsuki et al., 2004; Sa et al., 201 1), as
well as concentrations of anti-Mullerian hormone (Ebner et al., 2008).
Therefore, it was assumed that the duration and dosage of the stimula-
tion may be positively correlated with the risk of having at least one
SER+MII (Ebner et al., 2008). We also found a higher number of
oocytes in the SER+ cycles, which may support the above assumption.

Conclusion

In the present study, we have shown that embryos derived from
SER+MIl oocytes have the capacity to develop normally and may lead
to healthy newborns. In our study, the absence of major malformations
in the cases when only SER+MIl were used for ET is encouraging, but
more data are needed to investigate the relationship between major mal-
formations and SER. In addition, due to the lower cycle efficiency in the
case of blastocyst cultures in SER+ cycles, ET with embryos originated
from SER+ cycles should be approached with caution. A follow-up of
the children born after ET with embryos originating from SER+ cycles
is encouraged and studies should be performed in order to investigate
the origin and possible effect of SER on the molecular status of the
oocytes and embryos.
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