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Abstract

Back ground: Oocyte and embryo quality are affect-
ed by the duration of ovarian stimulation in different
categories of patients undergoing ICSI specially for
those having polycystic ovarian syndrome as they
undergo ovarian stimulation usinglow dose step up
antagonist protocol.

Methods: Retrospective analysis of 139 patient un-
derwent ovarian stimulatiaon using antagonist pro-
tocol and freeze all policy

Results: Patients were divided into 3 groups accord-
ing to the duration of ovarian stimulation (group A
< 8 days, group B 9-10 days, group C > 11 days).
We found that in spite of having no statistically sig-
nificant difference in the total number of retrieved
oocytes, there was statistically significant difference
in the median number of germinal vesicle oocytes
between group A and group C (3 (1-13) & 1(0-5) P
value= 0.01). Also this difference 1s present between
group B and group C (3 (1-11) & 1(0-5) P value=
0.01). For metaphase II oocytes there was a statis-
tically significant difference in the median number
between group A and group B (3 (0-8) & 5 (1-14)
P value= 0.001). Also this difference 1s present be-
tween group A and group C (3 (0-8) & 3 (3-12) P
value= 0.001).There was no statistically significant
difference in the total number of embryos in between
the 3 groups.

Conclusion: We found that it seems to be safe to
extend the duration of stimulation more than 8 days
when treating patients with polycystic ovarian syn-
drome undergoing IVF/ICSL, as it was associated
with more increase in mature oocytes (MII)

Key words: polycystic ovarian syndrome, antago-
nist protocol, freeze all, ovarian hyperstimualtion
syndrome, intracytoplasmic sperm injection

Introduction

Polycystic ovary syndrome (PCOS) affects 8-13%
of subfertile females in the reproductive-age (1). A
gonadotrophin releasing hormone (GnRH) antag-
onist protocol 1is recommendedfor women hav-
ing PCOS and will undergo an in-vitro fertilization
or intracytoplasmic sperm injection (IVF / ICSI) cy-
cle. As 1t 1s known to reduce the duration of stimula-
tion, total gonadotrophin dose and incidence of ovar-
1an hyperstimulation syndrome (OHSS) (2). Human
chorionic gonadotropin (HCG) administration for fi-
nal oocyte maturation is the standard trigger of ovu-

lation in controlled ovarian hyperstimulation (COH).
It is administered when at leastl-2 leading folli-
cles reach >18 mm or 3 folliclesreach >17 mm in di-
ameter. However, GnRH agonist is recommended to
be used for final oocyte maturation in cases predict-
ed to be at high risk of developing OHSS as PCOS
patients.

The number of dominant follicles areconsidered as
important determinants for HCG administration.
Obviously, it is not suitable for all patients with dif-
ferent ovarian reserve specially in PCOS with a high
ovarian reserve (3).It is also known that the number
of mature oocytes and good quality embryos are re-
lated to the proportion of mature follicle on the day
of humanchorionic gonadotropin trigger(4).

Consequently, the quality of retrieved oocytes and
the fertilized embryos are correlated with preg-
nancy outcomes (5). Complete maturation of the
oocyte determines oocyte quality. Complete matu-
ration of oocytes includes both nuclear maturation
and cytoplasmic maturation. For oocyte nuclear
maturation, resumption and progression of meiosis
to MII cannot be used as the only determinant of an
oocyte’s developmental competence (6). Formation
of good quality embryos and occurrence of pregnan-
cyshould be also considered after excluding other
factors which are involved in the process of implan-
tation. Pregnancies were reported after 7-12 days
of controlled stimulation of ovarian cycles (7). We
aimed to determine whether the duration of ovarian
hyperstimulation affects the quality of embryos on
post-retrieval day 3.

Material and methods

We conducted a hospital based retrospective study
to evaluate the effect of duration of ovarian stimu-
lation on embryo quality in patients diagnosed to
have polycystic ovarian syndrome underwenttrial
of ICSI cycles using the GnRH antagonist proto-
col with the use of GnRHagonist as a trigger of ovu-
lation and freeze all policy as a preventive methods
of OHSS . Participants in this study were group of
sub fertile females attended to Mansoura universi-
ty hospital fertility care unit and werediagnosed to
have polycystic ovarian syndrome according to Rot-
terdam criteria (8). We investigated patients’ hospi-
tal files in the past five years (January 2014 till Jan-
uary 2019).

Inclusion criteria
a) Patient age > 20 years and < 40 years
b) Patients diagnosed to have polycystic ovarian
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syndrome according to Rotterdam criteria(8)
c¢) Patients underwent IVF or ICSI due to one or
more of the following indications:

a. Clomiphene citrate resistant patients

b. Unilateral or bilateral Fallopian tube obstruction,
salpingectomy or tubal ligation

c. Semen analysis showed: oligoasthenozoosper-
mia or investigation results showed obstructive azo-
ospermia

Exclusion criteria
a) Patients known to have chromosomal anomalies

b) Male factor subfertility due to having non-ob-
structive azoospermia

c) Patient with body mass index » 30 kg/m’

d) Patients underwent ovarian stimulation using the
long agonist protocol

e) Patients underwent final maturation of oocytes us-
mg the HCG trigger

f) Patients poor ovarian reserve according to Bolog-
nia criteria(9)

After revising patients’ files all base line demograph-
ic data were collected. We selected patients under-
went ovarian stimulation according to the following
protocol; Pre cycle treatment with oral contraceptive
pills (as a method of follicular synchronization) then
a wash out period of 5 days then started HMG ovari-
an stimulation in the second day of menstruation ac-
cording to BMI and the ovarian response (starting
dose was 75-150 IU) for 5 days. GnRH antagonist
protocol was used in a fixed manner was given in
the 6th day of HMG stimulation(Cetrorelix 0.25
mg subcutaneous injection). HMG administration
was continued in a step up manner. Triggering of ovu-
lation was done when at least 3 dominant follicles
of > 17 mm diameter were reached. We selected only
patients underwent final maturation of oocytes using
GnRH agonist and freeze all policy as a preventive
method of OHSS.Oocyte retrieval was performed
34-36 hours after triggering of ovulation. Oocyte
quality was assessed by embryologist and classified
into (atretic - germinal vesicle (GV) — MI -MII -post
mature)(10).Intracytoplasmic sperm injection (ICSI)
was done for all mature oocytes. Embryo quality was
assessed morphologically at the 3rd day and it was
classified into (grade A- grade B —grade C- discard-
ed embryos) according to the degree of asymmetry
and fragmentation(11).The data wereanalysed af-
ter classifying patients into 3 groups according to
the duration of ovarian stimulation. Group A con-
sisted of patientswho spent 8 days or less durin-
govarian stimulation, Group B consisted of pa-

tients who spent 9 orl0 days duringovarian
stimulation and Group C patients who spent 11 days
or more duringovarian stimulation.

Outcome measurements
Primary outcome

The primary outcome of this study is the number of
grad A embryos in the 3 groups at the 3rd day after
oocyte retrieval.

Secondary outcome

The secondary outcomes of this study will be the de-
gree and severity of ovarian hyperstimulation syn-
drome(OHSS), the rate of mature and immature
oocytes in relation to duration of stimulation and
the number of grad B and grade C embryos in the 3
groups at the 3rd day after oocyte retrieval.

Statistical analysis
Statistical analysis and data interpretation:

Data were fed to the computer and analysed using
IBM SPSS Corp. Released 2013. IBM SPSS Statis-
tics for Windows, Version 22.0. Armonk, NY: IBM
Corp. Qualitative data were described as number and
percent. Testing of normality was done using Kolm-
ogrov-Smimov test. Quantitative data were de-
scribed as median (minimum and maximum) for
non-parametric data and mean, standard deviation
for parametric data. Significance of the obtained re-
sults was judged at the (0.05) level.

Data analysis

Qualitative data:

* Chi-Square test was used for comparison of 2 or
more groups

* Monte Carlo test was used as correction for Chi-

Square test when more than 25% of cells have
count less than 5 in tables (>2%2).

Quantitative data between groups:
Parametric tests:

» Student t-test was used to compare 2 indepen-
dent groups

* One Way ANOVA test was used to compare
more than 2 independent groups with Post
Hoc Tukey test to detect pair-wise comparison
Non Parametric tests:

*  Mann-Whitney U test was used to compare 2 in-
dependent groups

« KiuskalWallis test was used to compare more
than 2 independent groups with Mann Whit-
ney U test to detect pair-wise comparison
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Spearman’s correlation:

The Spearman’s rank-order correlation was used to
determine the strength and direction of a linear rela-
tionship between two non-normally distributed con-
tinuous variables and / or ordinal variables.

Results

The mean ages of patients in the 3 groups were
(30,31&28 years) respectively. Also the mean body
mass indices were (28.1,27.2&27.9 kg/m?2) respec-
tively. There were no statistically significant differ-
ences between the 3 groups in the base line char-
acteristics and demographic data (tablel). The
starting doses of FSH which wereadjusted according
to BMI showed no statistically significant differenc-
es between the three groups (146.6,135.5,136.3 IU
respectively). However,there werestatistically signif-
icant differences in the sum of total doses of HMG
used during ovarian stimulation (table 1). As regard
the endometrial response to ovarian stimulation
there were no statistically significant differences in
the means of endometnal thickness at time of GnRH
agonist trigger administration or the grade of endo-
metrial pattern in the 3 groups (table 1). We found
also that there were no statistically significant dif-
ferencesin the total number of retrieved oocytes nor
the serum estradiol level at time of trigger admin-
istration between the 3 groups. Also there were no
statistically significant differences in the markers of
ovarian hyperstimulation syndrome (OHSS) (se-
rum E2 level>3500pg/dl & retrieval of >15 oocytes)
between the 3 groups (table 1).On the other hand,
when we compered the quality of post retrieval oo-
cytes, we found that there werestatistically signifi-
cant differences in the median number of germinal
vesicle oocytes between group A and group C (3
(1-13) & 1(0-5) P value= 0.01). Also this difference
1s present between group B and group C (3 (1-11)
& 1(0-5) P value= 0.01). There was a statistically
significant difference in the median number of meta-
phase I oocytes between group A and group B (5
(2-11) & 4 (0-12) P value= 0.01). Also this differ-
ence was present between group A and group C (5
(2-11) & 3 (0-12) P value= 0.01). For median num-
ber of metaphase II oocytes, there was a statistically
significant difference between group A and group B
(3 (0-8) & 5 (1-14) P value= 0.001) (table 2). How-
ever, there was no statistically significant difference
in the median number of atretic follicles between
the 3 groups. For postmature oocytes, we found that
there was a statistically significant difference in the
median number between group A and group B also

this difference is present between group A and group
C (table 2). From the previously mentioned date we
can conclude that the number of MI oocytes 1s likely
to be higher when the duration of ovarian stimula-
tion was 8 days or less. However, the number of MII
oocytes was higher when duration of stimulation
was between 9-11 days (table 2).

There were no statistically significant differences in
thetotalnumberofembryosbetween the 3 groups. Af-
ter comparing the good quality embryos between
the 3 groups we found that there was statistically
significant difference in the number of grade A em-
bryo between group A and group B (26/262 (9.9%)
& 168/683 (24.6%) P value= 0.04) and the same dif-
ference was present between group A and group C
(26/262 (9.9%) & 42 /96 (43.75%) P value= 0.006).
Also there were nostatistically significant differenc-
es in the number of grade B embryos between the
3 groups.However, there was a statistically signifi-
cant difference between group A and group B if we
compared the number of grade C embryos (123/262
(46.9%) & 167/683 (24.5%) P value= 0.009). After
comparing the sum of grade A and grade B embry-
os in the 3 groups, we found that there was a sta-
tistically significant difference between group A
and group B only (133/262 (50.8%) & 496/683
(72.6%) Pvalue =0.013) (table 3). We found that
there was a positive correlation between number of
grade A embryo(figure 1) or number of grade A plus
grade B (figure 2)embryos and the duration of ovari-
an stimulation when not exceeding 11 days. Also we
found that there was a negative correlation between
the number of immature oocytes, number of postma-
ture oocytes and the duration of stimulation when
it was less than 8 days (table 4). There was no rela-
tion between the marker of OHSS in this study (se-
rum estradiol level and number of retrieved oocytes)
and the duration of ovarian stimulation (table 5).

Discussion

Data from our study suggest that the quality of re-
trieved oocytes in patients diagnosed tohave polycys-
tic ovarian syndrome underwent ICSI using antago-
nist protocol wasrelated to the duration of ovarian
stimulation 1.e: when the duration was 8 days or less
the chances of having immature (GV, afretic) oo-
cytes were increased. On the other hand, the embryo
quality at the 3rd day after oocyte retrieval has pos-
itive correlation with duration of stimulation 1.e. the
chance of having grade C embryos is going to in-
crease when the duration of ovarian stimulation is
less than 8 days.The relation between type of stim-
ulation protocol , quality of embryos and proportion
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of dominant follicles(PDF) (the number of >18/>10
mm follicles) at time of HCG or GnRH agonist trig-
ger were studied(12) andit was found that there was
no relation between clinical pregnancy rate and the
degree of PDF however, it was found that postpon-
ing HCG or GnRH agonist ftrigger till the degree
of PDF become between 20%-40% or more than
40% was assoclated with more risk of OHSS m-
spite of having more numbers of fertilized oocytes .
In our study weinvestigated the effect of duration
of ovarian stimulation after using GnRH antagonist
protocol with administration of GnRH agonist as a
trigger of ovulationand freeze all policy because it
1s considered to be the safest method of prevention
of OHSS (13). The duration of stimulation while us-
igGnRH antagonist protocol also was studied in
normal and poor responders(14)and it was found
that less than 6 days of stimulation were not suffi-
cient for oocyte maturation and extending the du-
ration to 10-12 days of stimulation was considered
to have positive correlation with MII oocytes in
normal responders. But 6 days duration of ovari-
an stimulation may be enough duration for oocyte
maturation for patients known to be poor respond-
ers(14) and this may be explained by the use of dif-
ferent stimulation protocols in such group of patients
and staring stimulation with higher doses of HMG
compared to patients having PCOS. The matura-
tion rate of retrieved oocyte was found also to be
higher with middle and high proportion when the
follicles were divided according to their size (=17
mm/>10mm follicles ratio on the day of human cho-
rionic gonadotropinadministration) into (Low pro-
portion: 30%, Middle proportion: 30%—60%, High
proportion:  60%)(4), these resultswere found 1in
patients received ovarian stimulation with antagonist
protocol only. However, the were no statistically sig-
nificant differences in implantation rates in the three
groups. Also, it was found that a duration less than
9 days of ovarian stimulation was associated with
more embryos and with more than 10% fragmen-
tation on post-retrieval day 3(5).However, this was
studied in a group of patients received the long ago-
nist protocol. In our study we analysed cases treated
with oral contraceptive pills before ovarian stimula-
tion with antagonist protocol to avoid the effect of
asynchronous growth of the cohort of follicles on the
maturity of oocytes as it is one of the main disadvan-
tages during the use of antagonist protocol(15). Also
nowadays with the improvement of in vitro culture
for oocytes there is an increasing use of in vitro mat-
uration IVM of oocytes specially in patients with
polycystic ovarian syndrome to eliminate the risk

of OHSS i1n this category of patients(16).For the
fertilized oocytes we evaluated the embryo quality
and all good quality embryos were cryopreserved at
day 3 post retrieval. However, nowadays there is an
increasingorientation toward keepmg the embryos i
vitro till day 5 after retrieval. A systematic review
and meta-analysis showed comparable results in
the live birth rate between embryo transfer at day 3
and day 5 after oocytes retrieval (17). As blastocyst
transfer 1s considered as a method of natural selec-
tion of good quality embryos.in our local protocol
we used cryopreservation of embryos at the cleavage
stage (day 3) and if we have more than 4 grade A em-
bryos we allow in vitro culture after thawing till day
5 and we do embryo transfer only for the best one
or 2 blastocyst according to the morphological scor-
ing (18). It was also found that there was a positive
association between the number of retrieved oocytes
and the number of top quality embryos either at the
cleavage stage or at the blastocyst stage (19).In our
study we found that most of patients had elevated
markers of OHSS(E2 level>3500pg/dl-retrieval
of >15 oocytes) showed mild clinical manifestations
and achieved rapid clinical improvement with such
protocol and there were no reported ICU or hospital
admission of any of them. This protocol is consid-
ered to be applicable toward the trend of decreasing
or eliminating the critical effects of OHSS(20).

In conclusion we found that it seems to be safe
to extend the duration of stimulation more than
8 days when treating patients with PCOS un-
derwent IVF/ICSI using antagonist protocol and
GnRH agonist trigger and freeze all policy, as it
was associated with more increase in mature oo-
cytes(MII) and good quality embryos (grade A).
Limitation of the study

It is a retrospective study and used the assessment of
embryo quality at day 3 of oocyte retrieval than day
5 assessment of blastocyst. We recommend conduct-
ing a prospective study using blastocyst assessment
of in comparison to day 3 assessment of blastomere.
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Table (1) Demographic data and base line characteristic of the 3 groups

Group A Group B Group C
< 8 days of 910 days of > 11 days of Test of
stimulation stimulation stimulation significance
n=435 n=83 n=11

Age/years F=1.08

Mean-SD 30.18+4.8 31.2+6.03 289+5.6 P=0.34

BMI (Kg/m?) F=1.68

MeantSD 28.12+25 272429 27.9+2.01 P=0.191

Type of infertility N (%)

primary 33.(73.3) 59 (71.1) 10 (90.9) MC

secondary 12 (26.7) 24 (18.9) 1(9.1) P=0.376

Duration of infertility /years KW

Median(Min-Max) 7.0 (2.0-18.0) 6.0 (1.0-20.0) 6.0 (4.0-9.0) P=0.749

Cycle thythm N (%)

Oligomenorrhea 41 (91.1) 75 (90.4) 11 (100.0) MC

Regular 4(8.9) 8 (9.6) 0 (0.0) P=0.563
KW

AMH / ng/ml 3.8 (1.0-10.6) 3.1(1.2-13.0) 4.09 (2.5-16.0) P=0 076
KW

Basal FSH / mIU/mL 5.8 (1.9-10.6) 5.2(1.2-10.1) 42 (2.7-8.1) P=0.165

Number of ICSI trials KW

Migsfian (ainsmax) 1.0 (0.0-6.0) 0.0 (0.0-7.0) 1.0 (0.0-5.0) P=0.114

Starting dose of HMG / IU/ day F=2.72

——— = 146.6 £15.6 135.5+29.7 136.3+30.3 P=0.069

Endometrial thickness at time F=1.69

S tEaer il WSALSD 11.80+1.97 11.81+1.66 12.91+3.11 P=0.187

Endometrial shape at time of

trigger

n (%)

Triple 34 (75.6) 57 (68.7) 8 (72.7) MC

Homogenous 11 24.4) 26 (31.3) 3(273) P=0.709

BMI: body mass mndex, FSH:Follicle-Stimulating Hormone, AMH:anti-mullerian hormone, HMG:hu-
man menopausal gonadotropin, ICST:intracytoplasmic sperm injection

MC: Monte Carlo test, F: One-way ANOVA test, KW: Kruskal Wallis test
*statistically significant (if p<0.05)
Similar superscripted letters denote significant difference between groups
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Table (2) Differences mm number of retrieved oocytes , oocytes quality and serum estradiol level

between 3 groups

Group A Group B Group C
< 8 days of 9--10 days of > 11 days of Test of
stimulation stimulation stimulation significance
n=45 n=83 n=11
Number of oocytes 16 (7-30) 15 (8 -32) 12 (8 -25) KW
median (min-max) P=0.266
>15 N (%) 22 (48.9) 50 (60.2) 8 (72.7) MC
<15 23 (51.1) 33 (39.8) 3(27.3) P=0.264
Number of GV oocytes . . b & (yyab KW
median (min-max) FLL0130) F(.0-11.0) 1(0.0-5.0) P=0.01*
Number of M1 oocytes KW
median (min-max) 5(2.0-11.0)® 4 (0.0-12.0) 3(0.0-12.0)° P=0.01*
Number of M2 oocytes b 3 . i b KW
media (o) 3 (0.0-8.0) 5(1.0-14.0) 5(3.0-12.0) P=0.001*
Number of Atretic oocytes KW
median (min-max) 1 (0.0-8.0) 0.0(0.0-4.0) 1 (0.0-5.0) P=0.096
Number of Post mature KW
oocytes 3(1.0-8.0)® 0.0(0.0-5.0)* 0.0(0.0-2.0)° P<0.001*
median (min-max) '
Serum E2 level / pg/mL 3017 2434 1869 KW
median (min-max) (1041-8560) (1078-8166) (1224-7558) P=0.068
<3500pg/mL N (%) 28 (62.2) 58 (69.9) 8 (72.7) MC
>3500pg/mL 17 (37.8) 25 (30.1) 3(27.3) P=0.630
GV: Germinal vesicle, MI: metaphase I, MII: metaphase II, E2: estradiol
MC: Monte Carlo test, F: One-way ANOVA test, KW: Kruskal Wallis test
*statistically significant (if p<0.05)
Similar superscripted letters denote significant difference between groups
Table (3) difference in the quality of embryos between the 3 groups
Group A Group B Group C
< 8 days of 9--10 days of = 11 days of Test of
stimulation stimulation stimulation significance
n=45 n=83 n=11
Number of embryos KW
median (min-max) 32.0-13.0) T.0-17.0) 6(2.0-17.0) P=0.248
Number of Grade A embryos p1=0.04*
: 26/262 168/683 42 /96 il %
(Number/total number ) (9.9%) (24.6%) (43.75%) plz)gg(}(}(l}?
Number of Grade B embryos p1=0.435
(Number/total number ) 107/262 328/683 27/96 p2=0.441
(40.8%) (48.0%) (28.13%) p3=0.21
Number of Grade C embryos p1=0.009*
: . 123/262 167/683 27/96 _
(Number/total number ) (46.9%) (24.5%) (28.13%) g%;gggg
. . . *
i e 133/262 496/683 69/96 B b
RE 0 0 0 —J.L
(Number/total number ) (30.8%) (72.6%) (71.88%) p3=0.96

MC: Monte Carlo test

KW: Kruskal Wallis test
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*statistically significant (if p<0.05)

P1 denotes difference between group A and group B

P2 denotes difference between group A and group C

P3 denotes difference between group B and group C

Similar superscripted letters denote significant difference between groups

Table (4) Correlation between oocytes quality and duration of ovarian stimulation

Quality of oocytes Duration of ovarian stimulation
.037
Mature oocytes (MII,MI) Ir) 664
- 287%*
Immature oocytes '
p .001
b1 Lt
Post matureoocytes Ir) <0.001

MI: metaphase I =~ MII: metaphase II
1 Spearman coirelation co-efficient *statistically significant (if p<0.05)

Table (5) Correlation between markers of ovarian hyper stimulation syndrome (Serum estradiol (E2) level and-
number of retrieved oocytes) and duration of ovarian stimulation

Duration of ovarian stimulation
r -.148
S tradiol (E2) level
erum estradiol (E2) leve b 083
Number of retrieved oocytes y ~{53
: p 217

1. Spearman correlation co-efficient *statistically significant (if p<0.05)

Figure (1): The correlation between grade A embryoe and duration of stimulation

Figure (2): The correlation between grade A+B embryos and duration of stimulation
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Legends of figures
Figure 1:There is a positive correlation between formation of grade A embryos at day 3 af-
ter oocyte retrieval and the duration of ovarian stimulation in patients having PCOS undergo-
ing IVF/ICSI using GnRH antagonist protocol and GnRH agonist trigger for final oocyte maturation
Figure 2:There is a positive correlation between formation of grade A + grade B embryos at day 3 after oocyte
retrieval and the duration of ovarian stimulation in patients having PCOS undergoing IVF/ICSI using GnRH an-
tagonist protocol and GnRH agonist trigger for final oocyte maturation
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