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Purpose : To determine the correlation between the follicular sizes and oocyte recovery,
metaphase II oocyte recovery, fertilization rate and good embryo quality from mature and
immature oocytes in an intracytoplasmic sperm injection (ICSI) program.
Methods : 991 follicles obtained from 72 ICSI cycles were classified into three groups according
to their diameters as measured by transvaginal ultrasound including group A (<10 mm), group
B (10–14 mm), and group C (>14 mm). All obtained oocytes were classified according to
their nuclear maturation: germinal vesicle (GV), metaphase I (MI) and metaphase II (MII).
Mature oocytes underwent ICSI while immature oocytes were further cultured until maturity
before ICSI was performed. The rates of fertilization and good quality embryos at day 3 were
evaluated.
Results : A progressive and significant increase in the rates of oocyte recovery and MII oocyte
recovery were observed from group A follicles compared to the other groups (p < 0.001). The
fertilization rate of mature and in vitro matured oocytes, as well as the rate of good quality
embryos showed a tendency to increase from group A to group C follicles, but not significantly.
The corresponding fertilization rates were 78 and 55.3% (p < 0.001) for mature and in vitro
matured oocytes, respectively.
Conclusion : Collection of oocytes from small follicles, especially with a mean diameter less
than 10 mm, and in vitro maturation of immature oocytes before fertilization may allow the
total number of good quality and transferable embryos to be increased.
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INTRODUCTION

In an in vitro fertilization program, controlled ovar-
ian hyperstimulation is frequently used for obtaining
more embryos to be transferred and frozen. Unfor-
tunately, not all follicles develop in synchrony and
there are always different sizes and different stages of
oocyte development present.
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Follicular size and serum estradiol concentration
are commonly used as indicators of oocyte maturity
during controlled ovarian hyperstimulation. Human
chorionic gonadotrophin (HCG) has been adminis-
tered when leading follicle(s) reached the size of 16–
18 mm (1) or when the majority of large follicles
reached 18–20 mm (2). Oocytes from follicles with
mean diameters greater than 12 mm have been re-
ported to have significantly higher fertilization and
cleavage rates (1). A positive correlation has also
been found between follicular size and the presence
of metaphase II oocytes (2–4). Dubey et al. (5) sug-
gested that measurement of follicular size before re-
trieval might be the best indicator of the fertilization
potential of oocytes in an IVF cycle. However, in an
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intracytoplasmic sperm injection (ICSI) program, the
data are still scanty regarding the follicular size and
the fertilization rate. Furthermore, at the present time,
the process of in vitro maturation has a role to ma-
ture underdeveloped oocytes to a stage appropriate
for ICSI.

This prospective study was undertaken to deter-
mine the correlation between the follicular size and
oocyte recovery, metaphase II oocyte recovery, as well
as the fertilization rate from mature and immature
oocytes and embryo quality in an ICSI program.

MATERIALS AND METHODS

Data were obtained from patients undergoing ICSI
in the reproductive medicine unit, Chulalongkorn
Memorial hospital, during an 8-month period from
January to August 2000. A total of 72 ovarian stimu-
lation cycles were studied.

Patients received ovarian stimulation according to
the short GnRHa (gonadotrophin releasing hormone
agonist) (buserelin, Suprefact injectable; Hoechst
AG, Frankfurt, Germany) or long GnRHa (buserelin,
Suprefact nasal; Hoechst AG, Frankfurt, Germany)
protocols depending on their age, basal FSH level,
and previous history of ovarian stimulation. Follic-
ular stimulating hormone (Metrodin HP; Serono,
Aubonne, Switzerland) or recombinant follicular
stimulating hormone (Gonal-F; Serono, Aubonne,
Switzerland; or Puregon; Organon, Oss, Holland) was
administered from day 3 of the cycle. Human chori-
onic gonadotriphin (HCG 10,000 IU, Profasi; Serono,
Aubonne, Switzerland; or Pregnyl; Organon, Oss,
Holland) was given when at least two follicles had
mean diameters of 18 mm.

Thirty-six hours after the administration of HCG,
oocyte recovery was performed transvaginally with a
16-G double lumen Cook needle (Cook; Cook Group
Company, Queenland, Australia) with an aspiration
pressure of 110 mmHg. Before aspiration, the size of
each follicle was measured by transvaginal ultrasound
(Aloka; model SSD-500, Aloka Co, LTD, Japan) as
a mean of two measurements in 1 two-dimensional
plane. The ultrasound was performed by single
investigator (A. Triwitayakorn). The follicles were
classified into three groups according to their diame-
ters: group A included those with diameters less than
10 mm, group B comprised those in the 10–14 mm
range, while group C contained follicles larger than 14
mm. Individual follicles were punctured under direct
ultrasound guidance and aspirated to a 10-mL tube.

If an oocyte was not recovered, the follicle would
be flushed for maximum of four times with 2 mL
of T6 with 25 mM HEPES-buffered media. During
all manipulations, these three follicular groups were
treated separately.

For the ICSI procedure cumulus and corona radiata
cells were removed 2–3 h after oocyte retrieval with
hyaluronidase 80 IU/mL (Type VIII; Sigma Chemi-
cal Co, St Louis, MO) and mechanical pipetting. The
oocytes were classified into three groups according
to their nuclear maturation: germinal vesicle (GV),
metaphase I (MI), and metaphase II (MII). ICSI
was performed on all MII oocytes followed stan-
dard techniques (6). Oocytes were cultured individu-
ally in IVF media (IVF-20; IVF Science Scandinavia,
Gothenburg, Sweden) for 18 h after which they were
examined for fertilization. Normal fertilization was
determined by the presence of two pronuclei (2PN)
and two polar bodies. During the first 2 days em-
bryos were cultured in IVF media (G1.2; IVF Science
Scandinavia, Gothenburg, Sweden) and for embry-
onic days 3–4, they were cultured in a further IVF
media (G2.2; IVF Science Scandinavia, Gothenburg,
Sweden). The quality of the embryos was evaluated
72 h after ICSI by morphologic appearance (fragmen-
tation, granularity, number and size of blastomeres)
and graded on scale of 1–4 according to Yovich et al.
(7). The embryos with grade ≥3 were considered to
be of good quality. A maximum of three embryos was
transferred after 96 h of ICSI. The rest of the embryos
were frozen at the 2PN stage.

Immature oocytes (GV and MI) were further cul-
tured separately in Human tubal fluid media (HTFM;
Irvine Scientific, Santa Ana, CA, USA) with 10% heat
inactivated maternal serum (MS). Following culture,
the maturity of the oocytes was determined at 6, 24,
28, and 48 h after oocyte recovery. The oocytes, which
were mature at the time of checking, were subjected to
ICSI and underwent the procedure described above.

Statistical Analysis

The results are reported as the mean ± SD. The
statistical analyses used were the Pearson χ2-test and
χ2 for linear trend for categorical data. A p value of
<0.05 was considered significant. Statistical analysis
was performed with the Statistical Package for the
Social Sciences (version 10.0, SPSS Inc., Chicago, IL).

Results

Nine hundred and ninety-one follicles obtained
from 72 ICSI cycles were studied. Table I shows the
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Table I. Patients Characteristics and Stimulation Outcomes

Characteristics and outcomes Results

Age (years)a 35.95± 4.56
No. of ICSI cycles 72
Short GnRHa protocol 38
Long GnRHa protocol 34
No. of follicles per cyclea 13.61± 7.49
No. of oocytes retrieved per cyclea 11.24± 6.39

Note. ICSI = intracytoplasmic sperm injection; GnRHa =
gonadotrophin releasing hormone agonist.

a Mean ± SD.

patients’ characteristics and stimulation outcomes.
Tables II and III show the correlation between follicu-
lar groups and outcomes. A higher percentage of GV
oocytes were obtained from group A follicles (20.5%)
and a higher percentage of MII oocytes were collected
from group C follicles (93.3%). The oocyte recovery
and MII oocytes rates were significantly correlated
with the follicular diameters (p < 0.001).

Concerning the fertilization rate by ICSI, the differ-
ence was not significant between the follicular groups
and the fertilization rate from mature oocytes (MII)
or in vitro mature oocytes (GV and MI). However,
the comparison of the fertilization rate between all
mature and all in vitro mature oocytes showed a sig-
nificant difference (p < 0.001), as shown in Table IV.

A progressive and significant increase in the rate
of oocyte recovery and also the percentage of MII
oocytes was observed from group A to group C fol-
licles (p < 0.001). The 127 embryos (24%) that were
destined to be transferred were assessed for quality
at 72 h after ICSI, showing no significant difference
between the follicular groups and the rate of embryos
scored as good (p = 0.4).

DISCUSSION

In the present study, we found a significantly higher
recovery rate for oocytes from large compared to
small follicles (Table II). This is in agreement with

Table II. Correlation Between Follicular Groups and Oocyte Recovery

Group A (<10 mm) Group B (10–14 mm) Group C (>14 mm)

No. of follicles 127 314 470
No. of oocytes recovered 73 250 402
Oocyte recovery rate (%)a 57.3 79.6 85.5

Note. A maximum of four flushes was performed if no oocyte was recovered.
a Statistically significant difference (p < 0.001; χ2-test and χ2 for linear trend).

previous publications (1,4,8). The possible reasons of
this finding may be the difference in processes be-
tween small and large follicles that allow the oocyte-
cumulus cell mass to become free-floating in the antral
fluid just before follicle rupture. In the human ovary,
hyaluronic acid, synthesized by the cumulus cells and
stimulated by midcycle FSH peak through its re-
ceptor, disperses the cumulus cell prior to ovulation
(9,10). The expression of the FSH-receptor (FSH-R)
varies according to the follicular size and FSH-R is
abandant in preovulatory follicles (11,12). Another
possible reason may be due to the process of oocyte
recovery. In this study, we used a 16-guage double
lumen Cook needle with an aspiration pressure of
110 mmHg to obtain the oocytes from all follicles, as
recommended by Yovich et al. (7). This method was
also supported by Russell (13) who used 17-gauge, 30-
cm long Cook aspiration needle and 80–100 mmHg
pressure to retrieve from small follicles. On the other
hand, Trounson et al. (14) and Cha et al. (15) used a
specially designed aspiration needle and a vacuum as-
piration pressure of 7.5 kPa (56.25 mmHg), which was
half of that commonly used for stimulated patients, to
retrieve the immature oocytes from unstimulated pa-
tients with polycystic ovary syndrome (PCOS).

The positive correlation between follicular size and
the presence of MII oocytes also proved to be signif-
icant (Table III), the same as observed in previous
publications (2–4). This finding may reflect a higher
proportion of immature oocytes in the small com-
pared to the large follicle group and can also explain
a reduction in the fertilization and cleavage rates in
the small size follicle group after conventional IVF
(1,2,5,16,17). In the ICSI cycles, we found that the
fertilization rate of MII oocytes, obtained from the
three follicle groups, had tendency to increase from
the small to the large follicle groups, but this was not
significant. Our results are in agreement with those
of Ectors et al. (2) and Bergh et al. (17). Despite the
smaller follicular diameter in each follicle group as
compared to other publications, our fertilization rate
was still higher than that of Ectors et al. (2) (78%
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Table III. Correlation Between Follicular Groups and Outcomes

Group A (<10 mm) Group B (10–14 mm) Group C (>14 mm)

MII oocyte (%) (n)a 68.5 (50) 81.2 (203) 93.3 (375)
2PN from MII (%) (n)b 70.0 (35) 75.4 (153) 80.5 (302)
2PN from GV and MI (%) (n)b 47.8 (8) 53.5 (23) 68.8 (11)
Embryos scored as good (%) (n)b 16.7 (1) 33.3 (12) 41.2 (35)

Note. GV= germinal vesicle oocyte; MI=metaphase I oocyte; MII=metaphase II oocyte; n = number; 2PN= two
pronuclei; scored as good = score ≥ 3.

a Statistically significant difference (p < 0.001; χ2-test and χ2 for linear trend).
b No statistically significant difference.

vs. 58.4%) and similar to Bergh et al. (17) (78% vs.
72%). We used only MII oocytes in the ICSI proce-
dure, so this is probably explained by a higher fertil-
ization rate in ICSI than in conventional IVF (17). We
also propose that although oocytes originating from
smaller follicles, especially diameter less than 10 mm,
have a lesser potential of completing nuclear matura-
tion, they may still have sufficient maternal factors to
achieve successful fertilization.

In this study, we have demonstrated that the fertil-
ization rate of in vitro mature oocytes, obtained from
three follicular groups, increased from small to large
follicular groups (although not significantly,Table III).
We also found that fertilization rate after ICSI was
significantly higher in mature oocytes than in in vitro
mature oocytes (Table IV, 78% vs. 55.3%) in contrast
to Nogueira et al. (18) who demonstrated a similar
fertilization rate obtained after ICSI between in vitro
and in vivo mature oocytes (70.3%) from stimulated
patients with male and tubal factor infertility. How-
ever, the fertilization rate of in vitro mature oocytes
after ICSI in our study is similar to that obtained in
stimulated patients without PCOS (56.4%) (19). The
exact reason for this trend of decrease in fertilization
rate of in vitro mature oocytes after ICSI is not known.

Nagy et al. (20) demonstrated that an extremely
low fertilization rate was usually obtained after stan-
dard insemination of matured GV oocytes, obtained
from ovulation induction. This low fertilization rate is
probably due to the altered characteristics of the zona
pellucida, a result of the longer in vitro culture before
insemination. He also suggested that ICSI is the best

Table IV. Fertilization Rate Between Mature and In Vitro Mature
Oocytes

Mature oocytes In vitro mature oocytes

No. of oocytes 628 76
Normal fertilizationa 490 42
Fertilization rate (%) 78 55.3

a Statistically significant difference (p < 0.001; χ2 test).

option in this circumstance. However, Trounson et al.
(21) suggested that ICSI can only really be justified
for in vitro mature oocytes in couples where the male
partner has low quality semen or where the female
partner has PCOS; but not in normally cycling non-
PCOS patients.

It should be noted that this study was limited by the
small number of oocytes graded at 72 h after ICSI.
The number of good quality embryos from the small
follicle group tended to be lower than that from an-
other two groups as supported by Wittmaack et al.
(1), Miller et al. (16), and Ectors et al. (2), but this
was not significant (Table III). We also showed that
oocytes from smaller follicles yield acceptable fertil-
ization rates and good quality embryos and it thus
seems worthwhile also to aspirate these follicles (17)
despite of the high proportion of immature oocytes
were obtained. Immature oocytes may undergo nu-
clear maturation and successful fertilization, yet not
have completed cytoplasmic maturation, as indicated
by the ability to support embryo development and
successful implantation (22–24). Nogueira et al. (18)
speculated that in these oocytes, the lack or defect
of some cellular events involving cytoskeletal orga-
nization might lead to a mitotic spindle deficiency,
resulting in embryos with nuclear disorganization or
with chromosomal abnormalities. This could explain
a low success rate after replacement of these embryos
(19,21,23,25). However, higher pregnancy rate has re-
cently been reported in unstimulated patients with
PCOS (15) as well as in unstimulated regularly men-
struating women (26).

In conclusion, our results indicate that collection
of oocytes from small follicles with a mean diameter
less than 10 mm and in vitro maturation of immature
oocytes may allow the total number of good quality
and transferable embryos to be increased. However,
the developmental potential as well as pregnancy and
implantation rate after fertilization of embryos from
immature oocytes still remain unknown and warrant
further study.
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