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OBJECTIVE

The oolemma response during ICSI has been linked to membrane and
cytoplasmic maturity. The former is evidenced by the depth of the funnel
and can manifest in the unextrusion of the second polar body and oocyte
lysis, while the latter in absent fertilization. We investigated the
occurrence of normal and abnormal fertilization as well as oocyte survival
in relation to estrogen levels, response to ovarian superovulation and
eventual reproductive outcome.

Retrospective cohort study. Only ICSI cycles with >5 oocytes at MII
stage were included. Unextrusion of the second polar body, characterized
by digynic 3PN, is associated with sudden breakage of the membrane,
short funnel, and indicates ooplasmic maturity but membrane dysmaturity.
Oocyte lysis is characterized by absence of funnel development and
therefore severe membrane dysmaturity. Absent fertilization presented
with adequate funnel development up to the center of the oocyte
therefore allowing oocyte survival, but unfortunately with ooplasmic
immaturity. ICSI cycles were stratified by fertilization rates, in increments
of 20%. The rates of 3-PN embryos and oocyte lysis were plotted against
increasing fertilization rates. Demographics and ovarian stimulation
parameters, including total stimulation days, total gonadotropins
administered (IU), peak estradiol level (pg/mL) and estradiol level per MII
oocyte were compared across fertilization groups.

DESIGN AND METHODS

RESULTS

The rate of digynic 3PN embryos (Figure 2) decreased with increasing
fertilization rate as follows: 7.19% (<20%); 5.76% (21-40%); 4.78% (41-
60%); 4.18% (61-80%); 1.10% (81-100%). Similar trends in the rate of
oocyte lysis (Figure 2) were observed as well: 8.46% (<20%); 7.63% (21-
40%); 6.72% (41-60%); 5.49% (61-80%); 1.67% (81-100%).

Total ICSI Cycles
n=16721 

ICSI Cycles with >5
Oocytes n=11911

ICSI Cycles with 100% MII 
Oocytes                                          
n=2068

Figure 1: Selection of study cohort 
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Figure 2: Rate of 3-PN embryos and oocyte lysis plotted against fertilization rates

As seen in Table 1, patients with oocyte lysis had a progressively lower
dose of gonadotropins (P=0.007) and peak estradiol levels (P<0.001) in
comparison to those that had no fertilization, digynic 3PN embryos, and
both membrane and cytoplasmic maturity (all 2PN).

Out of 16721 ICSI cycles during the study period, 11911 ICSI cycles
with >5 mature oocytes were identified (Figure 1).

RESULTS

Fertilization
Rate

<20% 21-40% 41-60% 61-80% 81-100% P*

Age (years) 35.8 (±5.42) 36.1 (±5.04) 36.2 (±5.42) 36.1 (±5.04) 36.3 (±4.49) NS

Number of 
Cycles

57 102 281 653 975 --

Number of 
Oocytes 

492 821 2375 5946 9103 --

Mean Oocytes 8.63 (±4.71) 8.54 (±3.58) 8.45 (±3.66) 8.54 (±3.58) 8.93 (±3.85) NS

Total 
Stimulation 

Days
9.95 (±1.58) 10.0 (±1.89) 10.1 (±2.03) 10.1 (±1.94) 9.89 (±1.97) NS

Gonadotropin
s Dose

3159.4 
(±1760.2) 

3458.9 
(±1926.0) 

3632.0 
(±892.1)

3458.6 
(±1797.7)

3681.4 
(±1740.7) 0.07

Peak estradiol 
(pg/mL)

1508.1 
(±854.5) 

1595.7 
(±718.7) 

1603.1 
(±714.3)

1592.7 
(±718.7)

1642.9 
(±684.2) <0.01

Estradiol per 
MII Oocyte 

(pg/mL)
174.7 186.9 189.7 186.5 183.9 <0.01

Table 1: Analysis of ovarian stimulation parameters by fertilization rate 

To assess the impact of oolemma/ooplasmic maturity within the cohort of
oocyte injected on the embryo developmental outcome, we compared
patients with oocyte lysis to those who had normal fertilization (Table 2).
Lower implantation [7/42 (16.7%) vs. 345/1064(32.4%); P<0.001] and
clinical pregnancy rates [4/57 (7.01%) vs. 133/384 (34.6%); P<0.001] were
noted in the former group compared to the latter.

RESULTS

Parameters All Degenerated 
(n=9) 

No Fert        
(n=9)

3-PN           
(n=7)

100% 2-PN           
(n=384)

Oolemma maturity - + - +

Cytoplasmic
maturity 

- - + +

Mean Oocytes 8.56 (±2.58) 8.48 (±2.32) 8.33 (±3.19) 9.01 (±3.11) 

Total Stimulation 
Days

9.01 (±3.01) 9.7 (±2.09) 10.2 (±2.31) 10.1 (±1.80)

Gonadotropins Dose 3160.1 (±1599.7) 3141.4 (±2058.0) 3317.3 (±1942.1) 3672.2 (±1681.5)

Peak estradiol 
(pg/mL)

1341.1 (±638.4) 1494.2 (±891.1) 1519.5 (±776.3) 1592.8 (±675.8)

Estradiol per MII 
Oocyte (pg/mL)

177.5 194.1 190.5 189.2

Implantation Rate (<20% vs. 100% fert)
7/42 (16.7%) vs. 345/1064(32.4%)

Clinical Pregnancy Rate (<20% vs. 100% fert)
4/57 (7.01%) vs. 133/384 (34.6%)

Table 2:  Comparision of oolemma and ooplasmic characteristics 

CONCLUSIONS

During ICSI, membrane funnel characteristics may provide insight into
oolemma maturity. Oocyte survival, absent/abnormal fertilization
provides invaluable information about ooplasmic maturity and embryo
developmental competence. Our study highlights the potential link
between oolemma behavior, absent/abnormal fertilization as a
consequence of gonadotropin dosage, ovarian response as characterized
by peak E2 level and mean E2 level per MII oocyte.
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