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The aim of this study was to examine the effect of different stimulation protocols on oocyte granularity 
and to detennine the influence of cytoplasmic granularity on further embryo development. A total of2448 
oocytes from 393 intracytoplasmic spenn injection (ICSI) cycles were analysed retrospectively. Oocytes 
were classified into 5 groups according to cytoplasmic granularity. (A) no granule or 1-2 small «5 flm) 
granules; (B) more than 3 sm all granules; (C) large granules (>5 flm); (D) refractile body; (E) dense 
centrally located granular area. Correlation between characteristics of honnonal stimulation, oocyte 
granularity and embryo development was analysed. The occurrence of cytoplasmic granularity was influ
enced by the patient's age and characteristics of stimulation. The type of granulation had no effect on 
fertilization rate and zygote morphology. However, some type of granulation resulted in a lower cleavage 
rate and more fragmented embryos. Our results provided additional information on how honnonal stimu
lation affects oocyte quality. While cytoplasmic granularity seems not to have an effect on fertilization 
and embryo development, the presence of refractile body in the oocyte is associated with reduced cleav
age rates and impaired embryo development. 

Keywords: Cytoplasmic granularity - hormonal stimulation - in vitro fertilization - oocyte quality -
refractile body 

INTRODUCTION 

Selecting the most viable embryos for transfer is a great challenge in assisted repro
duction. Different methods have been developed to predict embryo viability in in 
vitra fertilisation (lVF) programs. These methods have to meet the criteria of being 
non-invasive and not time consuming. Several studies have demonstrated an advan
tage in transferring embryos on the basis of their morphological appearance at the 
time of embryo transfer [15, 33]. The importance ofthe dynamies of development and 
of some morphological features on the day of embryo transfer has led to the introduc
tion of embryo grading systems [5, 34, 39] which are routinely used in IVF pro
grams. 

*Corresponding author; e-mail: fancsovits.peter@noil.sote.hu 

0236-5383/$ 20.00 © 2012 Akademiai Kiad6, Budapest 



190 P. F ANCSOVITS et al. 

Many other strategies have been developed and have widened the range of mor
phological features which are associated with embryo viability. lt has been reported 
that embryo viability also correlates with zygote or even with oocyte morphology. lt 
seems that equally sized pronuclei and synchrony in the formation and polarisation of 
nuclear precursor bodies in the two pronuclei [31, 35] or the presence of peripheral 
cytoplasmic translucency (cytoplasmic "halo") in the pronuclear zygote [30] result in 
better embryo morphology and viability. 

The introduction of intracytoplasmic sperm injection (ICSI) technique offers a 
good opportunity to evaluate denuded oocytes before fertilization and analyse the 
correlation between oocyte morphology and embryo viability. Moreover, detailed 
evaluation of oocyte morphology gives a new opportunity to analyse the effectiveness 
of different stimulation protocols and their effects on oocyte quality. 

There are, however, very few studies analysing the effects of different stimulation 
protocols on oocyte quality. Cytogenetic and cell biological studies demonstrate that 
a significant proportion of meiotically mature oocytes are developmentally compro
mised prior to oocyte collection [36]. lt has been showed that the rate of cytoplasmic 
abnormalities in retrieved oocytes was significantly higher with the use of GnRH 
antagonist than in GnRH agonist cycles [21]. Imthurn et al. [16] reported that ovarian 
stimulation with highly purified follicle stimulating hormone (FSH) resulted in a 
significantly lower number of oocytes with dark cytoplasm than human menopausal 
gonadotrophin (HMG) stimulation. However, other studies did not confirm this find
ing when HMG and recombinant FSH (r-FSH) were compared [19, 22, 23]. The 
steroid concentration of follicular fluid seems not to affect oocyte quality. 

In studies analysing morphological characteristics of oocytes, it was reported that 
good quality oocytes should have an intact first polar body, a clear, moderately 
granular cytoplasm, a small perivitelline space and a colourless zona pellucida [2, 6, 
39,40]. 

The effects of different types of oocyte dysmorphism on embryo development 
have also been intensively investigated [29]. Oocyte anomalies can be divided into 
extracytoplasmic and cytoplasmic abnormalities [4, 9]. 

Extracytoplasmic abnormalities include abnormal morphology of the first polar 
body, enlargement ofthe perivitelline space, presence of debris within this space, and 
irregular thickness, shape and colour ofthe zona pellucida. Some ofthese features are 
associated with decreased fertilization rates, embryo quality and viability after TCST 
[8, 13,40]. However, contradictory data have also been published [4, 6, 12]. 

Cytoplasmic abnormalities inc1ude dark cytoplasm, dark incorporations, spots, 
granules, refractile bodies and vacuoles. 

Veeck [39] described the refractile body as a structure with a diameter of approxi
mately 10 flm, partly encircled by a membrane. Tt appears highly refractile and consists 
oflipid material (Iipofuscin) and dense granules [26]. The development ofthese cyto
plasmic structures and their relationship to oocyte viability are not fully understood. Tt 
is speculated, that the occurrence of these lipid containing granules may related to 
oxidative stress, abnormal lipid metabolism or proteolytic degeneration during the 
growth phase of the oocytes [26]. The age of the patients does not correlate with the 
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occurrence of refractile bodies, but it has a strong tendency to reoccur in the same 
patient in repetitive treatment cycles and its presence is associated with decreased 
fertilization rates and poor embryo development after conventional IVF. However, 
other studies did not confirm this effect on fertilization rates after ICSI [4, 6]. 

Oocytes with an extremely darkened and granular centre were first described by 
Van BIerkom [36]. This phenomenon, called dense centrally located granular area, 
seems not to affect fertilization rate or further embryo morphology [17, 32]. 
Homogeneous cytoplasmic granularity was not associated with decreased fertiliza
tion rate or developmental potential after conventionalIVF either [39]. 

Previous publications about cytoplasmic granularity are conflicting. lt seems that 
analysing the effect of oocyte dysmorphism on embryo development or IVF outcome 
is difficult because the criteria of morphological features may vary from investigator 
to investigator. Some studies did not describe different types of oocyte dysmorphism 
in detail and designate most cytoplasmic anomalies (i.e. granules, vacuoles, spots 
etc.) with the term "cytoplasmic inclusion" without exactly defining the observed 
dysmorphism [29]. 

To eliminate these deficiencies in oocyte assessment, we introduced a new and 
objective oocyte classification system on the basis of cytoplasmic granularity which 
includes all types of granularities that have been recorded at morphological assess
ment of oocytes. 

The purpose ofthis work was to examine whether oocyte granularity is affected by 
the stimulation protocol and whether it has any effect on fertilization and on further 
embryo development. 

MATERIALS AND METHODS 

This retrospective study was performed on patients entering the IVF-ET program of 
the Division of Assisted Reproduction at the First Department of Obstetrics and 
Gynaecology, Semmelweis University School of Medicine, Budapest, Hungary. In 
total, 2448 Mll oocytes from 393 ICSI cycles were included in this analysis. 

The gonadotrophin-releasing hormone (GnRH) agonist + gonadotrophin "long 
protocol" or the multiple-dose/single-dose GnRH antagonist + gonadotrophin re gi
men was used for ovarian stimulation [7, 25]. 

Human menopausal gonadotrophin (HMG) or follicle stimulating hormone (FSH) was 
used for ovarian stimulation, which was monitored by oestradiol measurements and trans
vaginal ultrasound examination performed 1-2 daily from day 6 of stimulation. 

Ovulation was induced with 5,000-10,000 IU of human chorion gonadotrophin 
(hCG) when at least one follicle with a diameter of2:18 mm, and three or more fol
licles with a diameter of 2:16 mm were seen on ultrasound, and serum oestradiol 
levels reached 200-300 IU/l per 2:16-mm follicle. Transvaginal ultrasound-guided 
aspiration of follicles was performed 36 hours after hCG administration. Micronised 
progesterone at a dose of 3x200 mg/day was given intravaginally for luteal phase 
support. 
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Progressive motile sperm for fertilization were isolated by "swim up" technique or 
by a two-Iayer density gradient centrifugation, according to the quality ofthe native 
semen sam pIe. 

ICSI treatment was performed 3-8 ho urs after oocyte collection. Denudation of 
oocytes was performed by gentle pipetting after a short incubation in 80 lU/mI 
hyaluronidase. Denuded oocytes were examined under an inverted microscope at a 
magnification of x200. Oocytes with the first polar body present (metaphase 11) were 
selected for microinjection. 

Before sperm injection, cytoplasmic granularity of the oocytes was assessed and 
each oocyte was classified according to its granularity as follows: (A) oocyte without 
granularity or with ::S3 small granules «5 11m); (B) more than 3 small granules; 
(C) large but faint granules (>5 11m) which have the same colour as the cytoplasm; 
(D) oocytes containing at least one large (>5 11m) and dark, highly refractile granule 
in the cytoplasm; (E) presence of a single, dark, crater-like mass which usually 
located in the central portion of the oocyte (dense centrally located granular area; 
DCLG) (Fig. 1). 

Oocytes containing different types of granulation were classified on the basis of the 
most characteristic dysmorphism. After sperm injection, each oocyte was placed into 
the culture medium individually. 

The 16-20 hours after ICSI, normal fertilization was confirmed by the presence of 
two pronuclei. Pronuclear morphology was assessed according to Scotl's method [30]. 
The presence of peripheral cytoplasmic translucency of zygotes was also recorded. 

On day 2 at 40-48 ho urs post-insemination (hpi) and on day 3 at 64-72 hpi, 
embryos were assessed for cell number, uniformity of blastomere size and degree of 
fragmentation, as previously described by Veeck [39]. Embryos were given morphol
ogy score 4 for regular blastomeres, no fragments and no multinucleated blastomeres; 
3 for regular blastomeres, ::S20% fragments and no multinucleated blastomeres; 2 for 
unequally sized blastomeres and/or >20% fragments; 1 for unequally sized blast
omeres and/or >50% fragments; 0 for >80% fragmentation or no visible blastomeres. 
Embryos were termed "top quality" if their morphology score was 3 or 4 and they 
contained at least four cells on day 2 and seven cells on day 3 [38]. 

Zygotes which had not cleaved by day 2 were excluded from further analysis of 
the individual embryos. 

Routinely, three ofthe embryos with the highest cell number and the highest grade 
were selected for embryo transfer. ET was performed on day 3 if more embryos were 
available than we had planned to transfer. If there was no possibility for embryo 
selection, embryo transfer was performed on day 2. Obviously, the day 3 morpho
logical evaluation had not taken place in these cycles. 

Fig. 1. Oocyte grading according to cytoplasmic granularity A: no granule or 1-2 small «5 llffi) granules; 
B: more than 3 sm all granules; C: large granules (>5 11m; note that the granule has a some colour as the 
cytoplasma); D: refractile body (>5 11m; note that this granule is highly refractile and has different colour 

as the cytoplasm); E: dense centrally located granularity (DCLG) 
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In the first part of this study, we analysed the relationship between characteristics 
of the IVF cycle (i.e. patient's age, type of gonadotrophin and number of gonado
trophin ampoules used for ovarian stimulation, length of stimulation, estradiol level 
on day of ovulation induction and basal FSH level) and cytoplasmic morphology. For 
this analysis, cycle characteristics were linked to the morphology of individual 
oocytes. 

In the second part of the study, we analysed the correlation between oocyte granu
larity and fertilization rate, cleavage rate, zygote morphology, and embryo develop
ment and morphology. Fertilization rate was calculated by dividing the number of 
normally fertilized oocytes with the number of oocytes injected. Cleavage rate was 
calculated by dividing the number of embryos cleaved by day 2 embryo assessment 
by the number of normally fertilized zygotes. 

Since most embryo transfers were performed with embryos originating from 
oocytes that were classified into different groups, it was not possible to analyse the 
effect of oocyte granularity on pregnancy and implantation rates. 

Statistical analysis was performed using the Statistica software package (StatSoft 
Inc., Tulsa, OK, USA). Kruskal-Wallis ANOVA test was used to compare continuous 
variables and contingency table analysis by X2 test was performed for the comparison 
of proportions across groups. Student's t-test or X2 test was used as post-hoc test. 
Statistical significance was set at P < 0.05. 

RESULTS 

In all, 2734 oocytes were collected from 395 ICSI cycles. The 2448 oocytes (89.5%) 
were at metaphase 11 and were included in this retrospective analysis. All metaphase 
11 oocytes were assessed before ICSI and graded according to their cytoplasmic 
granularity. 

One hundred and twenty-five oocytes (5.1 %) had no granularity at all or contained 
only 1-3 small «5 11m) granules (group A). More than 3 small granules (group B) 
were recorded in 1108 oocytes (45.3%), while 584 (23.9%) oocytes contained at least 
one large (>5 11m) granule (group C) and 263 (10.7%) oocytes contained refractile 
body (group D) having considerably darker colour than the cytoplasm. Dense cen
trally located granular cytoplasm (group E) was recorded in 368 oocytes (15.0%). 

No significant difference was found in the incidence of small granules (group B) 
or DCLG (group E) between patients aged <35 and ::::35 years (Table 1). However, 
younger patients more frequently produced oocytes with minor granularity (group A), 
while the presence of large granules (group C) and refractile body (group D) was 
significantly higher in patients aged 35 years or more. 

Cytoplasmic morphology was influenced by the type of gonadotrophin (HMG or 
FSH) used for ovarian stimulation. Patients stimulated with HMG (2045 oocytes 
from 349 cycles) resulted in a higher number of oocytes containing refractile body 
(group D). However, FSH stimulation (403 oocytes from 46 cycles) resulted in more 
oocytes with DCLG than HMG stimulation (Table 2). 
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Tuble 1 
Effect of patient's age on the distribution of cytoplasmic granularity 

N umber of oocytes in patients 
<35 years (%) 

Number of oocytes in patients 
;0.35 years (%) 

P-value 

NS = not significant. 
a X2-test. 

N 

1627 

821 

A 

107 
(6.6) 

18 
(2.2) 

<O.OOOla 

Table 2 

B C D 

756 361 152 
(46.5) (22.2) (9.3) 

352 223 III 
(42.9) (27.2) (13.5) 

NSa 0.0064a 0.0016a 

Effect of the type of gonadotropin used for stimulation on oocyte granularity 

No. of oocytes in HMG 
stimulation cycles (%) 

No. of oocytes in FSH 
stimulation cycles (%) 

P-value 

NS = not significant. 
a x2-test. 

N 

2045 

403 

A 

113 
(5.5) 

12 
(3.0) 

NSa 

B C D 

913 489 242 
(44.6) (23.9) (11.8) 

195 95 21 
( 48.4) (23.6) (5.2) 

NSa NSa 0.0001 a 

195 

E 

251 
(15.4) 

117 
(14.3) 

NSa 

E 

288 
(14.1) 

80 
(19.9) 

0.0031 a 

For further analysis of the effect of gonadotrophins, the FSH stimulation group 
was divided into recombinant FSH (r-FSH; 139 oocytes from 15 cycles) and urinary 
FSH (u-FSH; 264 oocytes from 31 cycles) subgroups. Distribution of oocytes with 
minor granularity, refractile body and DCLG (groups A, D, and E) was similar in both 
FSH subgroups (data not shown). However, stimulation with r-FSH resulted in sig
nificantly more oocytes with2:3 small granules (group B; 81/139, 58.3% vs. 114/264, 
43.2%, respectively; P = 0.0004) and significantly less oocytes with at least one large 
granule (group C; 20/139, 14.4% vs. 75/264, 28.4%, respectively; P = 0.0016) than 
stimulation with u-FSH. 

The highest fertilization rate (73.6%) was observed in oocytes with minor granu
larity (group A) and the lowest fertilization rate (63.9%) was in the group of oocytes 
with refractile body (group D), however, the difference between groups was not sig
nificant (Table 3). 

We did not find any significant difference in zygote morphology (i.e. symmetrical 
pronuclear morphology or presence of peripheral cytoplasmic translucency) across 
groups. The highest cleavage rates (number of cleaved embryos/number of injected 
oocytes) were observed in group A (72.8%) and the lowest in group D (60.8%), the 
differences across groups being just above statistical significance (P = 0.04). 

The number ofblastomeres, morphology score and number oftop quality embryos 
on day 2 were similar in all groups (Table 4). On day 3 embryo assessment we found 
similar results to those observed on day 2 (data not shown). However, the degree of 
fragmentation differed significantly (P = 0.007) across the different granularity 
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Table 3 
Fertilization rates, zygote morphology, and cleavage rates according to cytoplasmic granularity 

A B C 

No. ofMTT oocytes 125 1108 584 

No. of oocytes fertilized (%) 
92/125 733/1108 419/584 
(73.6) (66.2) (71.7) 

No. ofzygotes with symmetrical 39/86 365/713 222/413 
PN morphology (%) (45.3) (51.2) (53.8) 

No. of zygotes with peripheral 84/92 686/733 382/419 
cytoplasmic translucency (%) (91.3) (93.6) (91.2) 

Cleavage ratea 911125 716/1108 406/584 
(%) (72.8) (64.6) (69.5) 

NS = not significant. 
a Number of cleaved embryos/number of Mll oocytes injected. 
b X2-test. 

Table 4 

D E 

263 368 

168/263 248/368 
(63.9) (67.4) 

92/164 124/243 
(56.1) (51.0) 

155/168 236/248 
(92.3) (95.2) 

160/263 239/368 
(60.8) (64.9) 

Embryo quality on day 2 according to cytoplasmic granularity 

A 

No.ofzygotes 91 

NO.ofblastomeresa 3.8±1.2 

Fragmentation (%)a 
15.8±11.4 

Morphology scorea 2.4±0.52 

No. oftop quality 26/91 
embryos (%) (28.6) 

N S = not significant. 
a Values are means ± SD. 
b Kruskal-Wallis ANOVA test. 
e x2-test. 

B 

716 

4.1±1.3 

17.2±13.4 

2.3±0.56 

181/716 
(25.3) 

C D E 

406 160 239 

4.0±1.5 3.9±1.3 4.1±1.4 

17.6±13.8 20.3±14.2 17.7±14.0 

2.3±0.57 2.3±0.54 2.3±0.59 

89/406 32/160 56/239 
(21.9) (20.0) (23.4) 

P-value 

-

NSb 

NSb 

NSb 

0.0404b 

P-value 

-

NSb 

NSb 

NSb 

NSc 

groups. In detail, the degree of fragmentation in group D (refractile body; 
25.1%±17.7) was significantly higher than in groups B (19.0%±15.1) or C 
(20.2%± 16.4, respectively). 

DISCUSSION 

Assessment of oocyte morphology yielded conflicting results in recent literature. 
Objective measures in morphological assessment are required to make data more 
comparable. Thus, our study aims to introduce an objective oocyte classification sys
tem according to the granularity of cytoplasm, which takes into account the number, 
the size and the type of granules. However, we have to note that our grading system 
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does not include other cytoplasmic anomalies like vacuoles or smooth endoplasmatic 
reticulum clusters. Extracytoplasmic anomalies were not included in this morphology 
scheme either. 

In our study, only 5% of oocytes had no granules or contained minor granularity, 
while almost 50% of oocytes contained large granules, refractile body or dense cen
trally located granularity. Our finding is similar to the observation of Rienzi et al., 
who reported 62% of oocytes with abnormal cytoplasmic texture [28]. lt is not known 
which factors are responsible for these cytoplasmic anomalies. Genetic analysis of 
dysmorphic oocytes demonstrated a high rate of aneuploidy in oocytes with different 
types of cytoplasmic granules [17, 37]. 

Previous reports pointed out that oocyte quality is strongly correlated with patient's 
age. This also confirms the genetic origin of these anomalies. Xia [40] observed a 
higher proportion of oocytes with cytoplasmic inclusions in older patients. In our 
study, we demonstrated that this relation between age and oocyte morphology 
depends on the type of granularity since a higher proportion of oocytes containing 
large granules or refractile body was found in older patients, whereas the occurrence 
of oocytes with more than 3 small granules or oocytes with centrally located granular
ity was not affected by patient's age. 

lt is well known that stimulation characteristics strongly affect the number and 
maturity of oocytes. Suboptimal follicular environment during ovarian stimulation 
can result in asynchrony between nuclear and cytoplasmic maturation [9]. Most types 
of cytoplasmic dysmorphism are thought to be a sign of oocyte cytoplasmic immatu
rity [17,18]. 

Several studies aimed to compare the effectiveness of different types of gonado
trophins. Most of them, however, focus on clinical parameters. Thus, there are few 
studies examining the effects of different gonadotrophin preparations on oocyte mor
phology. Imthurn et al. [16] found no difference in coarse-grained granulation or 
cytoplasmic anomalies (vacuoles or fragments) between urinary-FSH (u-FSH) and 
HMG stimulation cycles. However, oocytes with dark cytoplasm (which is equivalent 
with the centrally located granular cytoplasm described by Kahraman et al. [17]) were 
observed significantly less often after FSH stimulation. Contrary to this, no signifi
cant difference was observed between stimulation with HMG or r-FSH in view to 
cytoplasm morphology (i.e. vacuoles, area of saccules, refractile bodies, localized 
granularity) [23]. 

In our study, the type of gonadotrophin used for ovarian stimulation had no effect 
on the occurrence of small or large granules. However, HMG stimulation yielded 
more oocytes with refractile body, while FSH stimulation resulted in more oocytes 
with centrally located granular cytoplasm. Within FSH stimulation cycles, r-FSH 
resulted in a higher number of oocytes with more than 3 small granules, and less 
oocytes with large granules, as compared with u-FSH cycles. 

On the basis of our results, we cannot state that one or the other gonadotrophin 
preparation were more effective in affecting cytoplasmic granularity because it seems 
that gonadotrophin preparations have various effects on different types of cytoplas-
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mic granularity. Previous studies pointed out that some types of oocyte dysmorphism 
occur repetitively in subsequent patient cycles [10, 20, 39]. 

Our results suggest that we should choose another gonadotrophin preparation for 
hormonal stimulation in patients producing oocytes with considerable granularity in 
consecutive IVF/ICSI cycles. Further investigation is needed on this issue. 

In most studies, no effect of single oocyte anomalies was found on fertilization 
rates or embryo development [4, 6, 17, 27], in spite of that, these studies reported that 
25-30% of oocytes contained more than one anomaly [4, 6, 27]. 

We obtained similar results in our classification scheme, in which only single 
anomalies were taken into account, since none of the different types of cytoplasmic 
granularity had an effect on fertilization rates. Zygote morphology can also predict 
the further development and viability [30, 31]. In our study we did not find any dif
ference between groups in symmetrical alignment of nucleoli in the two pronuclei, or 
the presence of peripheral cytoplasmic translucency. We should note, however, that 
oocytes showing refractile body had a cleavage rate that was 12% lower as compared 
to oocytes without considerable granularity. 

This finding suggests that dysmorphic oocytes can have the same chance to ferti
lize as oocytes with normal morphology but further embryo development might be 
influenced by some kind of morphological deviation. 

Previous studies pointed out that oocyte morphology has no effect on embryo qual
ity [4, 17,27, 32]. In most of these studies, morphological grading of embryos was 
performed two days after fertilization and day 3 embryo morphology was taken into 
account in only one [17] study. 

We did not observe any effect of oocyte granularity on embryo morphology on day 
2. On day 3 the embryo grading was also similar between groups. However, the 
degree offragmentation was significantly higher in embryos developing from oocytes 
containing refractile body than in embryos derived from oocytes containing other 
types of cytoplasmic granularity. The amount of anuclear fragments within the 
embryos is thought to be a reliable marker of embryo quality [11]. The amount of 
fragmentation is slightly increasing during early embryonic development and we 
believe that the higher fragmentation in the group with refractile body is a marker of 
lower embryo viability. 

This also confirms previous findings demonstrating that major oocyte anomalies 
are of prognostic factors in terms of further embryo development and implantation 
[3, 10]. 

Pregnancy and implantation rates of embryos derived from oocytes with different 
types of cytoplasmic granularity were not analysed here. In other studies, however, 
the transfer of embryos derived from dysmorphic oocytes was associated with sig
nificantly lower pregnancy rates as opposed to cycles with embryos derived from 
normal oocytes [18, 32]. Similarly, poor ongoing pregnancy rates and an increased 
rate of preclinical abortions have been reported in cycles with embryos derived from 
dysmorphic oocytes [1, 17]. Serious oocyte dismorhisms may caused by adverse 
conditions during the final phase of oocyte growth and meiotic maturation. The 
negative impact on embryo viability may be explained by a higher rate of aneuploidy 
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in dismorphic oocytes [17, 27]. However, some oocyte anomalies mayaiso related to 
epigenetic defects in the offspring [14, 24]. 

In conclusion, this study introduces an objective oocyte classification system 
which is based on cytoplasmic granularity of oocytes. We demonstrate that the pres
ence of different types of granularity is influenced by the type of gonadotrophin 
preparation used for hormonal stimulation. Thus, our observations suggest that the 
type of gonadotrophin preparation should be changed in consecutive IVF lieSI cycles 
in patients with oocytes showing considerable granularity. lt seems that the presence 
of several small granules, large granules or centrally located granularity in the cyto
plasm has no effect on fertilization or embryo development. However, the presence 
of refractile body in the oocyte is associated with significantly lower cleavage rates 
and with impaired embryo development. 
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