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Objective: To investigate fertilization and embryo quality of dysmorphic mature oocytes with specific morphological abnormalities obtained
from intracytoplasmic sperm injection (ICSI).

Methods: The fertilization rate (FR) and embryo quality were compared among 58 dysmorphic and 42 normal form oocytes (control 1) ob-
tained from 35 consecutive ICSI cycles, each of which yielded at least one dysmorphic mature oocyte, performed over a period of 5 years. The
FR and embryo quality of 441 normal form oocytes from another 119 ICSI cycles that did not involve dysmorphic oocytes served as control 2.
Dysmorphic oocytes were classified as having a dark cytoplasm, cytoplasmic granularity, cytoplasmic vacuoles, refractile bodies in the cyto-
plasm, smooth endoplasmic reticulum in the cytoplasm, an oval shape, an abnormal zona pellucida, a large perivitelline space, debris in the
perivitelline space, or an abnormal polar body (PB).

Results: The overall FR was significantly lower in dysmorphic oocytes than in normal form oocytes in both the control 1 and control 2 groups.
However, embryo quality in the dysmorphic oocyte group and the normal form oocyte groups at day 3 was similar. The FR and embryo quality
were similar in the oocyte groups with a single abnormality and multiple abnormalities. Specific abnormalities related with a higher percent-
age of top-quality embryos were dark cytoplasm (66.7%), abnormal PB (50%), and cytoplasmic vacuoles (25%).

Conclusion: The fertilization potential of dysmorphic oocytes in our study was lower, but their subsequent embryonic development and em-

bryo quality was relatively good. We were able to define several specific abnormalities related with good or poor embryo quality.
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Introduction

Good-quality mature human oocytes are thought to have a clear,
moderately granular cytoplasm; a small perivitelline space (PVS); a
clear, colorless zona pellucida (ZP); and contain a single unfragment-
ed polar body (PB) [1]. However, some oocytes exhibit variations in
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shape, color, granularity and homogeneity of the cytoplasm, cyto-
plasmic incorporations, size of the PVS, color of the ZP, and/or requ-
larity of PB [2]. It has been reported that a majority (60% to 70%) of
retrieved oocytes exhibit one or more of these abnormal morpho-
logic characteristics [1,3-6].

Dysmorphic oocytes are commonly classified as having abnormal
cytoplasm (dark cytoplasm or cytoplasmic granularity), cytoplasmic
inclusions (vacuoles, refractile bodies, or smooth endoplasmic reticu-
lum [SER] clustering), an abnormal oocyte shape (e.g., an oval), an
abnormal ZP, an abnormal PVS (e.g., a large PVS or debris in the PVS),
and an abnormal PB [7]. Currently there are several reports that de-
scribe whether a specific oocyte abnormality has a good prognosis
in terms of successful fertilization and formation of good quality em-
bryos, but conflicting results exist regarding the influence of a given
oocyte morphological abnormality on the fertilization rate (FR) and
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embryo quality.

Poor FR has been reported in oocytes with cytoplasmic inclusions
[8-10], vacuoles [6,10], refractile bodies [1,6], dark ZP [11], a large PVS
[6,12,13], and abnormal PB [6,7]. Nonetheless, a relatively good FR
was also reported in oocytes exhibiting cytoplasmic inclusions [14],
refractile bodies [10], a dark ZP [10,15], a large PVS [16], debris in the
PVS[15,17], and an abnormal PB [15,18,19].

Thus, the fate of certain types of dysmorphic oocytes remains un-
clear. Moreover, the FR and embryo quality in dysmorphic oocytes
possessing two or more abnormalities are largely unknown. Here we
retrospectively assessed the influence of specific morphological oo-
cyte abnormalities on the success rate of intracytoplasmic sperm in-
jection (ICSI) in terms of FR and embryo quality. We also assessed the
FR and embryo quality in oocytes demonstrating multiple abnor-
malities.

Methods

Data from 35 consecutive ICSI cycles, conducted during a period of
5 years (2010 to 2014) and which each yielded at least one dysmor-
phic mature oocyte were selected for analysis. The FR and embryonic
development of dysmorphic oocytes and normal oocytes (control 1)
from these cycles were assessed. The FR and embryonic develop-
ment of normal oocytes from another 119 ICSI cycles during the
same period, in which at least one normal oocyte and no dysmorphic
oocytes were obtained (control 2), were also assessed.

The mean age of women in the 35 ICSI cycles was 36.1+3.9 years
(range, 29 to 45 years). Male factor infertility diagnosis was present in
14 cycles and non-male factor infertility in 21 cycles; non-male fac-
tors included tubal factor infertility (n=6), decreased ovarian reserve
or advanced maternal age (> 41 years old; n=6), unexplained (n=5),
endometriosis (n=2), ovulatory dysfunction (n=1), and uterine fac-
tors (n=1). The 14 obligatory ICSI cycles involving male factor infer-
tility included azoospermia (n=1), oligoasthenozoospermia (n=1),
asthenozoospermia (n=2), oligoasthenoteratozoospermia (n=4),
and teratozoospermia (n=6). Testicular sperm were used for ICSI in
the azoospermic case; ejaculated sperm were used in the remaining
341CSI cycles.

Stimulation was performed in a standard manner, using a luteal
long protocol of gonadotropin-releasing hormone (GnRH) agonist
(Decapeptyl, Ferring, Malmo, Sweden) or GnRH antagonist (Cetrotide,
Serono, Geneva, Switzerland) with daily administration of recombi-
nant follicle-stimulating hormone (FSH) (GONAL-f, Serono). Oocyte
retrieval was performed by transvaginal aspiration under ultrasound
guidance 35 to 36 hours after the injection of recombinant human
chorionic gonadotropin (Ovidrel, Serono).

The retrieved oocytes were exposed briefly to 80 IU/mL hyaluroni-
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dase (Sydney IVF Hyaluronidase, Cook Medical, Spencer, IA, USA),
and mechanically separated from their surrounding cumulus cells by
aspiration through a glass pipette. Next, all oocytes were examined
under standard light microscope at a magpnification of x400, and
those with a first PB present were selected for micromanipulation. At
this time, all oocytes were assessed by an embryologist, and abnor-
mal oocytes were classified as having a dark cytoplasm, cytoplasmic
granularity, cytoplasmic vacuoles, refractile bodies in the cytoplasm,
SER in the cytoplasm, an oval shape, an abnormal ZP, a large PVS, de-
bris in the PVS, or an abnormal PB (Figure 1).

Oocytes were incubated in the insemination medium (Sydney IVF
fertilization medium, Cook Medical) at 37°C in an atmosphere of 5%
CO in air prior to and following injection. Sperm injection was per-
formed, and oocytes with two pronuclei and two PBs at 14 to 18
hours post-ICSI were considered normally fertilized. Further embry-
onic development was assessed daily, and the final embryo quality
was assessed at day 3 using a morphological grading system: grade
A, equal-sized blastomeres without fragments or apparent morpho-
logic abnormalities; grade B, equal-sized blastomeres and <20% of
fragments without apparent morphologic abnormalities; grade C, ir-
regularity of blastomeres and 20% to 50% of fragments without ap-
parent morphologic abnormalities; grade D, irregularity of blasto-
meres and >50% fragments with apparent morphologic abnormali-
ties [20].

Data were analyzed with MedCalc Software ver. 6.10 (Medcalc Soft-
ware, Ostend, Belgium). Differences in FR at day 1, cleavage rate at
day 3, and the proportion of embryos at the 6-cell stage or beyond at
day 3 and the percentage of top-quality (grade A) and good-quality
(grade A or grade B) embryos at day 3 were compared between
groups of oocytes using the chi-square test. Differences were consid-
ered statistically significant when the p-value was <0.05.

Results

During the study period, 58 dysmorphic mature oocytes were ob-
tained from 35 ICSI cycles, from each of which at least one dysmor-
phic mature oocyte was obtained. Forty-two normal form oocytes
were retrieved simultaneously from the same cohort (control 1).
From another 119 ICSI cycles in which at least one normal mature
oocyte and no dysmorphic oocytes were retrieved, 441 normal form
oocytes were obtained (control 2). The frequency of dysmorphic oo-
cytes was 58% in the first group of 35 ICSI cycles, and 10.7% (58/541)
in the whole study population.

Overall, the FR was significantly lower in the dysmorphic oocytes
than in the normal form oocytes from the control 1 and 2 groups (Ta-
ble 1). Development up to the day 3 cleavage stage was significantly
lower in the dysmorphic oocytes than in the normal form oocytes in
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Cytoplasmic vacuoles Cytoplasmic vacuoles Cytoplasmic vacuoles

and granularity

Refractile bodies in cytoplasm Refractile bodies in cytoplasm Smooth endoplasmic reticulum

clustering in cytoplasm

Abnormal zona pellucida Abnormal zona pellucida Debris in perivitelline space

Large perivitelline space Large perivitelline space Large perivitelline space and

polar body abnormality

Polar body abnormality Polar body abnormality Polar body abnormality

Figure 1. Various abnormalities of dysmorphic oocytes. Observed by light microscopy (x400).
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the control 2 group. However, the percentage of > 6-cell embryos
and the percentage of embryos of top or good quality at day 3 were
similar between the dysmorphic oocyte group and the normal form

CERM B

Table 2. Overall fertilization rate and embryonic development in
dysmorphic oocytes with single or multiple abnormalities

Multiple

One abnormalit o -value

oocytes in either the control 1 or control 2 groups. Y abnormalities P

Among 58 dysmorphic oocytes, 34 oocytes (58.6%) exhibited a sin- No. of oocytes 34 24
gle abnormality and 24 oocytes (41.4%) exhibited two or more ab-  Fertilization rate 27/34(794)  17/24(70.8) NS
normalities. The FR, embryonic development, and the percentage of Cleavage rate at day 3 25/27(926) 14/17(82.4) NS

q i b imilar b h >6-cellatday 3 16/25 (64) 10/14(71.4) NS

top- or good-quality embryos were similar between these two Grade A embryo at day 3 4/25(16) 3/14(214) NS
groups (Table 2). Grade AorBembryoatday3  17/25(68) 914(643) NS

The FR and embryo quality in dysmorphic oocytes with single or

) y. 'qu yindy p ! ytes with sing Values are presented as number (%).
multiple abnormalities are presented in Table 3. The lowest FR N5 not significant.
Table 1. Overall fertilization rate and embryonic development in dysmorphic and normal form oocyte
35 Cycles? 119 Cycles”
Dysmorphic oocyte Normal oocyte p-value Normal oocyte p-value

No. of oocytes 58 42 441

Fertilization rate 44/58 (75.9) 40/42(95.2) 0.022 389/441 (88.2) 0.018
Cleavage rate at day 3 39/44 (88.6) 40/40 (100.0) NS 378/389 (97.2) 0.015
>6-cell at day 3 26/39 (66.7) 30/40 (75.0) NS 288/378 (76.2) NS
Grade A embryo at day 3 7/39(17.9) 10/30(33.3) NS 128/378(33.9) NS
Grade A or Bembryo at day 3 26/39 (66.7) 25/30(83.3) NS 266/378 (70.4) NS
Values are presented as number (%).
NS, not significant.
¥Yielded at least one dysmorphic mature oocyte; "Yielded at least one normal oocyte and no dysmorphic oocytes.
Table 3. Specific fertilization rate and embryonic development in dysmorphic oocytes with single or multiple abnormalities

Oocyte abnormalities No. of oocytes Fertilized (%) Grade Aembryo (%)  Grade A+B embryo (%)
Dark cytoplasm 3 3(100) 2(66.7) 3(100)
Cytoplasmic granularity 5 3(60) 0 1(333)
Cytoplasmic vacuoles 6 5(83.3) 1(25) 3(75)
Refractile body in cytoplasm 6 6(100) 0 3(50)

SERin cytoplasm 1 1(100) 0 0

Oval shape 1 1(100) 0 1(100)
Abnormal ZP 1 1(100) 0 0

Large PVS 3 3(100) 0 3(100)
Debris in PVS 2 2(100) 0 1(50)
Abnormal PB 6 23338 1(50) 2(100)

Dark cytoplasm-+cytoplasmic granularity 15 11(73.3) 2(22.2) 6(66.7)

Dark cytoplasm-+large PVS 1 1(100) 0 1(100)

Dark cytoplasm-+abnormal ZP+abnormal PB 1 0 0 0
Cytoplasmic granularity+large PVS 1 1(100) 1(100) 1(100)
Cytoplasmic vacuoles+abnormal PB 2 2(100) 0 0
Refractile body in cytoplasm+abnormal PB 1 1(100) 0 1(100)

Oval shape+abnormal ZP 1 0 0 0

Large PVS+debris in PVS 1 1(100) 0 0

Debris in PVS+abnormal PB 1 0 0 0

Total 58 44 7 26

SER, smooth endoplasmic reticulum; ZP, zona pellucida; PVS, perivitelline space; PB, polar body.
?p < 0.05 when compared with the corresponding data in normal form oocytes from 35 cycles; ®p < 0.05 when compared with the corresponding data in nor-

mal form oocytes from 119 cycles.
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(33.3%) was evident in the oocytes with an abnormal PB and this
was significantly lower than the FR of normal form oocytes in the
control 1 and 2 groups. No fertilization occurred in oocytes with three
of the combinations of multiple abnormalities, but each had only
one oocyte.

The percentage of top- or good-quality embryos varied from 0% to
100% and all values were similar to that in the normal form oocyte
groups. The majority of oocytes with single or multiple abnormalities
yielded at least one good-quality embryo. However, no good-quality
embryo could be obtained from oocytes with two kinds of single ab-
normalities and five of the combinations of multiple abnormalities.
In terms of the percentage of top-quality embryos, oocytes with a
dark cytoplasm (66.7%), oocytes with an abnormal PB (50%), and
oocytes with cytoplasmic vacuoles (25%) had a good prognosis. Al-
though a single oocyte with both cytoplasmic granularity and a large
PVS formed a top-quality embryo, five oocytes with cytoplasmic
granularity alone and three oocytes with a large PVS alone did not
form a top-quality embryo.

Discussion

In the present study, dysmorphic oocytes had a significantly lower
FR and cleavage rate, but a similar rate of forming top- or good-qual-
ity embryos, compared with normal form oocytes. While this is in
contrast to an earlier report by De Sutter et al. [10], a relatively lower
FR in dysmorphic oocytes has also been reported previously (66.7%
t071.2%) [15,21].

There have been few studies examining the prognosis of specific
oocyte abnormalities in terms of successful fertilization and/or for-
mation of good-quality embryos. Two kinds of dysmorphic oocytes
in our study, specifically those with a dark cytoplasm or an abnormal
PB, had a relatively good prognosis, as they had a 50% or greater
chance of forming top-quality embryos. All three oocytes with a dark
cytoplasm were fertilized and yielded good-quality embryos. Al-
though only two oocytes were fertilized among six oocytes with an
abnormal PB, both of them developed into good-quality embryos.

It has also been reported that oocytes with a dark cytoplasm exhib-
it a FR and embryo quality similar to normal oocytes with a clear cy-
toplasm [15,22-24]. Taken together, the darkness of the cytoplasm
appears to represent a milder form of dysmorphism. In contrast, cy-
toplasmic granularity appears to represent a severe form of dysmor-
phism. In our study, five oocytes with cytoplasmic granularity dis-
played an acceptable FR, but the resulting embryo quality was poor.
Cytoplasmic granularity can be homogeneous or heterogeneous or
concentrated in the center [14]. Although we did not define the spe-
cific type of cytoplasmic granularity, oocytes of the heterogeneous
type have been reported to show a better FR than those with the
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concentrated type [23]. It has also been reported that those with the
concentrated type of granulation often fail to become fertilized and
have reduced developmental potential [1,8,9].

With regards to the FR of oocytes with an abnormal PB, conflicting
results have been published [6,7,15,18,19]. We observed a poor FRin
the oocytes with an abnormal PB, but all fertilized oocytes developed
into good-quality embryos. Since an abnormal PB represents abnor-
mal cytokinesis, oocytes with an abnormal PB may have a high po-
tential for a cytoplasmic defect, leading to unsuccessful fertilization.
However, if they are successfully fertilized, a pre-existent cytoplasmic
defect appears not to hinder subsequent embryonic development.

We observed a relatively good FR and embryo quality in oocytes
with cytoplasmic vacuoles, but this is in contrast with the previous
understanding. In general, oocyte vacuoles are a sign of severe de-
generation [2]. Cytoplasmic vacuoles vary in size, as well as in num-
ber, and can be observed in 5% to 12% of oocytes [4,25]. Previous
studies suggest that larger vacuoles may physically displace the
metaphase Il spindle from its usual polar position [15,26]. This is in
line with a recent report describing a significant correlation between
vacuole diameter and the presence of two pronuclei at the zygote
stage, in which no fertilizations were observed above a vacuole size
of 14 um [27]. Larger or multiple vacuoles would result in a more det-
rimental impact on the oocytes than smaller ones, but this associa-
tion could not be quantified because the vacuole parameters were
not measured in this study.

The refractile body is a structure approximately 10 um in diameter
first described by Veeck [8]. Its evolution and its relationship to oo-
cyte maturity and viability are not yet fully understood. Both mature
and immature oocytes can develop refractile bodies, and there is a
strong tendency toward their recurrence in repetitive treatment cy-
cles in the same patient [8].

Extracytoplasmic defects include abnormal morphology of the ZP,
the PVS, and first PB. Morphological abnormalities of the ZP include
a thick, indented, or dark ZP, and can emerge differently in different
IVF cycles with the same woman [16,28,29]. This type of oocyte pres-
ents with a total or partial absence of the PVS, an absence of resis-
tance to ZP and oolemma penetration during ICSI, and low ooplasm
viscosity during aspiration [16].

Although several studies have described FR and embryo quality in
oocytes with a specific abnormality, few reports have examined oo-
cytes with multiple abnormalities [14]. Because approximately 40%
of dysmorphic oocytes exhibited two or more abnormalities in the
present study, its occurrence is not rare. We here report a similar FR
and similar embryo quality between oocytes that exhibited a single
abnormality and those with two or more abnormalities. Interestingly,
cytoplasmic granularity frequently occurred in combination with
dark cytoplasm; 15 oocytes with both dark and granular cytoplasm
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had an acceptable FR, cleavage, and embryo quality. Thus oocytes
displaying both dark cytoplasm and cytoplasmic granularity appear
to have a good prognosis, although oocytes with cytoplasmic granu-
larity alone have a poor prognosis. Since dysmorphic oocytes com-
monly exhibit multiple abnormalities, our data could help to assess
the prognosis in oocytes with certain combinations of multiple ab-
normalities.

Pregnancy rates from oocytes with specific single abnormalities are
difficult to assess because a typical embryo transfer includes mixed
embryos generated from normal and dysmorphic oocytes. Nonethe-
less, a poor pregnancy rate has been reported in oocytes with cyto-
plasmic granularity [14], cytoplasmic inclusions [8-10,14], an indent-
ed ZP [16], oval shape [30,31], a dark ZP [11], and an abnormal ZP
[16], compared with those without such anomalies.

In the present study, the frequency of dysmorphic oocytes was
10.7% in the population examined (154 cycles). However, this fre-
quency was 58% in the 35 ICSI cycles in which at least one dysmor-
phic mature oocyte was obtained. Such a high rate has also been re-
ported in the literature [10,32].

The origin of morphological abnormalities of oocytes is largely un-
known but is likely multifactorial. Intrinsic factors such as age and ge-
netic defects, or extrinsic factors such as ovarian stimulation protocol-
or handling procedures immediately following aspiration have been
proposed [12]. Additionally, ovarian stimulation may result in the
maturation of abnormal oocytes that would otherwise have become
atretic in the absence of stimulation. Oocyte quality may also be di-
rectly affected by the supraphysiological level of estrogen and pro-
gesterone, which are intimately involved in the initiation of cytoplas-
mic maturation and the final stage of nuclear maturation of oocytes.

Human oocytes recovered from stimulated IVF cycles have an ap-
proximately 40% incidence of numerical chromosomal abnormali-
ties. In addition, oocytes with abnormal cytoplasmic morphologies
were found to have a high frequency of aneuploidy [33]. A high de-
gree of morphological and nuclear anomalies has been shown in 0o-
cytes after stimulation with pure FSH following pituitary desensitiza-
tion [34]. Debris in the PVS has been associated with high levels of
gonadotropin during stimulation [35]. Mature oocytes exhibiting se-
vere cytoplasmic disorganization have a lower intracytoplasmic pH
and adenosine triphosphate content, as well as an increased inci-
dence of aneuploidy and chromosomal scattering [36].

One limitation of our study was that we did not investigate specific
conditions or stimulation protocols that could produce dysmorphic
oocytes; instead, we focused on the individual developmental com-
petence of oocytes with single or multiple abnormalities. Larger
studies are needed to investigate patient-related factors and the
benefits of ICSI in patients with dysmorphic oocytes.

Dysmorphic oocytes showed a significantly lower FR than normal-
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form oocytes, but subsequent embryonic development and embryo
quality was relatively good. We here demonstrated that the FR and
embryo quality are similar between oocyte groups with a single ab-
normality and multiple abnormalities. We also defined several specif-
ic abnormalities of dysmorphic oocytes related with top-quality em-
bryos such as dark cytoplasm, abnormal PB, or cytoplasmic vacuoles.
Because our cases were rather small, further large-scaled studies will
be needed.
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