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Izviecek

Namen: Namen raziskave je bil ugo-
toviti ali lahko na osnovi koncentracije
estradiola (E2) in progesterona (P) ter
njunega razgmerja v folikularni tekocini
predvidimo izhod IVE/ICSI postop-
kov v naravnih ciklusih.

Metode: V raziskavo smo okljudili
91 zensk, pri katerih smo naredili 150
postopkov IVE/ICSI (78 IVF in 72
ICSI) v naravnem ciklusu. Folikularno
tekocino smo zbrali pri aspirvaciji foli-
klov. S ttestom testom smo primerjali
koncentracije  E2 in P v folikularni
tekocini (FT) in njuno ragmerje (FT
P/FT E2) med ciklusi z uspesno (z
jajéno celico) in ciklusi ¥ neuspesno
(breg jajcne celice) aspiracijo foliklow,
med ciklusi z oploditvijo in ciklusi brex

oploditve jajéne celice in med ciklusi z

Purpose: The aim of the study was
to establish whether follicular fluid
(FF) estradiol (E2) and progesterone
(P) measurement could be used to
predict the outcome of unstimulated
IVE/ICSI cycles.

Methods: 91 women underwent
150 unstimulated IVE/ICSI cycles
(78 IVF and 72 ICSI). Follicular
fluid samples were collected at the
time of oocyte recovery. Using the t-
test, FF E2 and FF P levels and their
ratios (FF P/FF E2) were compared
between cycles with successful (with
oocyte) and unsuccessful (without oo-
cyte) oocyte recovery, between cycles
with and without fertilization and
between nonconception and concep-

tion cycles.
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zanositvijo in ciklusi brez zanositve.

Rezultati: Jajéno celico smo dobili v 123 (86,7 %) ciklu-
sih, do oploditve je prislo v 84 (68,3 %) in zanositve v 21
ciklusih (delez zanosite na ciklus 14,0 %). Povprecna kon-
centracija E2 v FT je bila 3530 = 1339 nmol/L, povprecna
koncentracija P v FT 20649 + 9489 nmol/L in pouprecna
vrednost ragmerja FT P/FT E2 7,18 £ 6,42. Povprecne
vrednost E2 | P in njunega razmerja v FT se niso statisticno
pomembno razlikovale med ciklusi z uspesno in neuspesno
aspiracijo jajénih foliklov, med ciklusi z in brez oploditve jajc-
ne celice in med ciklusi z in brez zanositve.

Zakljucek: Na osnovi vrednosti E2 in P v folikularni teko-
¢ini ne moremo predvideti uspesnost postopkov IVE/ICSI v

naravnem ciklusu.

Results: The oocyte recovery rate was 86.7% (123,/150),
the fertilization rate 68.3% (84,/123) and the pregnancy
rate per oocyte recovery 14.0% (21/150). The average
FF E2 level was 3530 = 1339 nmol/L, average FF P
20649 + 9489 nmol/L and average FF P/FF E2 ratio
7.18 + 6.42. There were no statistically significant differ-
ences in FF E2, FF P levels and their ratio between cycles
with unsuccessful and successful oocyte recovery, between
cycles without and with fertilization, and between non-
conception and conception cycles.

Conclusion: From the FF E2 and P levels and their
ratio, it is not possible to make inferences to the likeli-

hood of oocyte recovery, fertilization and conception in

unstimulated IVE/ICSI cycles.

INTRODUCTION

Follicular fluid is the fraction of extracellular fluid
that accumulates in the antrum of ovarian follicles
and provides a hormonal microenvironment for the
oocyte (1). This environment is unique for each indi-
vidual follicle (2). It has been demonstrated that fol-
licular fluid (FF) estradiol (E2) and progesterone (P)
levels increase during the follicular phase and that fol-
licular maturity and health are reflected by their levels
and ratios (2-4). So FF steroids have been suggested as
potential markers for assessment of oocyte quality, its
fertilization ability, embryo development and implan-
tation in IVF cycles (1, 5, 6) along with some other
hormones, growth factors, peptides and sugars (7).

The first studies of FF E2 and P concentration in rela-
tion to IVF outcome were done in completely natural
cycles. They suggested that successful fertilization in
vitro is associated with high levels of E2 and P in fol-
licular fluid and that P concentration in FF can pre-
dict successful fertilization of an oocyte in more than
90% of cases (6, 7). Further studies were mostly done
in stimulated cycles and gave conflicting results re-
garding relationship between oocyte maturity and FF
E2 and/or progesterone concentration in stimulated
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cycles (7, 10), showing also the importance of the type
of ovarian stimulation (11). Some studies suggest that
oocytes that fertilized, cleaved in vitro and resulted in
a pregnancy originated in those follicles with high E2
and/or high P concentrations (3, 5, 6, 12-14), others
failed to show such a correlation (1, 4, 15-19).

The ratio of E2 to P has also been reported to predict
pregnancy (3, 20).

These findings in stimulated cycles are of little value
for unstimulated cycles triggered with hCG, since
studies have reported that FF E2 and P levels are sig-
nificantly different in those cycles (1, 21, 22). Compar-
ing completely natural cycles with unstimulated cycles
triggered with hCG is also of limited value, since it
has been shown that hCG has a profound effect on
the steroid environment of the FF, also due to the lon-

ger halflife of hCG compared with LH (9, 21).

Some studies performed in unstimulated cycles
showed no relationship between FF steroid levels and
oocyte maturity and fertilizability (1, 15). However,
the number of studied cycles was small and the results
inconclusive.



The aim of our study was to establish whether FF E2
and P measurement could be used to predict oocyte
recovery, fertilization and conception in unstimulated

IVE/ICSI cycles.

MATERIALS AND METHODS

All patients with ovulatory menstrual cycles who in-
tended to undertake IVE/ICSI procedure in stimu-
lated cycle at the Department for Reproductive Medi-
cine and Gynecologic Endocrinology of the University
Clinical Centre Maribor, were offered participation in

this research. We performed 150 unstimulated IVF/
ICSI cycles in 91 patients who agreed to participate.

The age range of the women was 24-44 years
(mean=32.9, SD= + 5.2). The indications for IVF/
ICSI procedure were only female infertility (n=40),
only male infertility (n=27), female and male infertil-
ity (n=13) and unexplained infertility (n=11). In 72
cycles the ICSI procedure for male infertility and in
78 cycles the IVF procedure for female infertility was
performed.

A pelvic ultrasound examination was performed on
day 2 of the menstrual cycle to evaluate the ovaries for
the presence of cysts and on the same day serum E2
was measured. The cycle was cancelled if baseline E2
was >0.3 nmol/L. Cycles with more than one growing
follicle >12 mm were not included in the study. Trans-
vaginal ultrasonography was performed and serum E2
concentration was measured every two days from day
7 onwards, and every day when the follicular diam-
eter was >12 mm and serum E2 concentration >0.3
nmol/L. hCG (5000 IE) was administered when the
average follicular diameter was >15 mm and E2 >0.5
nmol/L. Follicular puncture was carried out 35-36
hours after hCG injection in patients with negative
LH before hCG administration. Only the dominant
follicle was aspirated.

FF samples were collected at the time of oocyte re-
covery. Only blood free, clear FF aspirates were in-
cluded in this study. After identification of oocytes,
FF was immediately centrifuged and the supernatant
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was stored at -20° C until required for analysis. FF
E2 and P levels were measured by using the chemi-
luminescent microparticle immunoassay technology
(ARCHITECT; Abbott, Illinois, USA). High steroid
concentrations in the FF necessitated the dilution of
the follicular samples with control calibration provid-

ed with the kit.

Serum E2 concentrations were determined with the
enzyme-immune technique (AXSYM; Abbott, Ger-
many). Premature LH was assessed with the urine test
(RAPITEST; Morwell Diagnostic; Swiss). The oocytes
were cultivated, inseminated, the embryos transferred
and the luteal phase was supported as described pre-
viously (23, 24). In ICSI cycles, the cumulus oopho-
rus and corona radiata cells surrounding the oocyte
were removed within 1 h after the recovery of oocyte-
cumulus complexes and the oocytes were inspected
for signs of meiotic maturation. Only mature oocytes
were processed by ICSI. Fertilization was defined as
the presence of two pronuclei at 24 hours. Serological
documentation of pregnancy was scheduled 16 days
after embryo transfer. A pregnancy was confirmed
only if there was ultrasonic evidence of a gestation sac.

Using the ttest, FF E2 and FF P levels and their ra-
tio (FF P/FF E2) were compared between cycles with
successful (with oocyte) and unsuccessful (without
oocyte) oocyte recovery, between cycles with and with-
out fertilization and between nonconception and
conception cycles. The data were processed with the
Statistica program (StatSoft, Tulsa, Oklahoma, USA).
Statistical significance was set at p <0.05.

The study was approved by the Ethics Committee of
the Ministry of Health of the Republic of Slovenia and
sponsored by the Ministry of Science and Technology
of the Republic of Slovenia, Grant No. ]3-8764.

RESULTS

On the average, criteria for hCG administration were
fulfilled on the 10.8 + 2.3 day of the menstrual cycle
at an average endometrial thickness of 8.2 + 1.6 mm.
Follicular diameter and serum E2 and P concentra-
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Table 1: Cycle characteristics on the day of hCG administration and follicle aspiration

Mean follicular diameter

Serum E2 concentration

Serum P concentration

15.71 + 1.46 mm
0.77 £ 0.24 nmolL

0.83 + 0.41 nmol/L

17.35 + 1.73 mm
0.58 + 0.17 nmol/L

2.31% 1.24 nmol/L

Table 2: Follicular fluid (FF) E2 and follicular fluid (FF) P levels and their ratios compared between cycles with different cycle

outcome.

I T T

Unsuccessful oocyte recovery (N=27) 3875 + 1567
Successful oocyte recovery (N=123) 3437 + 1280
Oocyte NOT fertilized (N=39) 3422 + 1147
Qocyte fertilized (N=84) 3443 + 1345
Nonconception cycles (N=129) 3528 + 1412
Conception cycles (N=21) 3538 + 788

22163 + 7867 742 £ 6.10
19799 + 7867 7.14 £ 6.56
19562 + 9692 6.28 + 3.44
19933 + 9678 7.53 +17.54
20712 + 9888 7.34 £ 6.719
20340 + 6988 6.33 £3.59

tions are shown in the Table 1. No differences were
established between cycles with successful and unsuc-
cessful oocyte recovery, between cycles with and with-
out fertilization and between conception and noncon-
ception cycles regarding patient age, [IVF/ICSI ratio,
average and maximum follicular diameter, endometri-
al thickness and serum E2 concentration on the day
of hCG administration.

The oocyte recovery rate was 86.7% (123,/150). One
hour after oocyte recovery, only 4 of all cleaned oo-
cytes were not mature. The fertilization rate was
68.3% (84/123) and the pregnancy rate per oocyte
recovery 14.0% (21/150).

The average FF E2 level was 3530 + 1339 nmol/L,
average FF P 20649 + 9489 nmol/L and average FF P/
FF E2 ratio was 7.18 + 6.42.

There was no statistically significant difference in FF
E2, FF P levels and their ratio between cycles with
unsuccessful and successful oocyte recovery, between
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cycles without and with fertilization and between non-
conception and conception cycles (Table 2.).

In normal ovulatory cycles prior to the LH surge, fol-
licle growth is associated with a progressive and rapid
increase in follicular fluid estradiol concentration,
whereas progesterone levels remain relatively low
and increase in small increments (13). Following the
LH surge, a change in FF steroid content was mea-
sured, with the FF E2 level declining as ovulation ap-
proached, whereas the FF P level increased dramati-
cally. With follicular maturation the number of LH/
hCG receptors on granulosa cells increases. The accu-
mulation of those receptors predetermines the extent
of luteinization and the shift from E2 to P production
(18). The follicle must be at the appropriate stage of
maturity in order to respond to the ovulating stimu-
lus. In normal cycle, LH release and final maturation
of the follicle coincide (25). In stimulated and unstim-
ulated cycles with hCG administration it is difficult to



foresee the right time for hCG administration, since
E2 levels and follicular size at which the follicle reach-
es suitable maturity differ. Wide variations in FF con-
tent were found and also that maturity of the oocyte-
corona-cumulus complex (OCCCQC) is reflected by the
characteristics of the FF hormonal profile (3, 13, 21,
26). Unfortunately, it seems that OCCC morphology
bears little relationship to oocyte maturity (27).

Seibel et al. showed that in spontaneous cycles the
mean P/E2 ratio was significantly higher in FF con-
taining metaphase I and metaphase II oocytes com-
pared with FF containing oocytes with germinal ves-
icles or degenerating oocytes (4). Data on FF steroid
concentrations in spontaneous cycles mostly used fol-
licular steroid concentrations either before the onset
of the spontaneous LH surge or after a variable period
of LH exposure, which has a profound influence on
FF steroid levels and oocyte maturation (1, 21). The
precise assessment of the time at which the onset of
the LH surge occurs is difficult and unreliable. Trig-
gering the ovulation with hCG in unstimulated and
stimulated cycles provided the opportunity to ensure a
predictable duration of LH-like stimulation to the pre-
ovulatory follicle. In a study including only stimulated
ICSI cycles, in which oocyte maturity was assessed im-
mediately after recovery, no differences were observed
in FF P and E2 between follicles yielding mature, im-
mature and degenerative oocytes. In unstimulated
cycles, Enien et al. also found that FF P and E did not
differ significantly in different oocyte maturity grades
(1). Previous reports of FF steroid concentrations in
relation to oocyte fertilization, cleavage and IVF out-
come also gave conflicting results (15, 22).

In our study we included only unstimulated cycles,
thus excluding the possible influence of ovarian stim-
ulation on the intrafollicular hormonal milieu and
ensuring that only one optimal follicle was aspirated.
This is to our knowledge the largest study on FF ste-
roid concentration in unstimulated cycles for [IVF. We
triggered ovulation with hCG to ensure a predictable
duration of LH-like stimulation to the pre-ovulatory
follicle, but we have to be aware that triggering ovu-
lation with hCG as compared with endogenous LH
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alters the steroid metabolism. We were not surprised
that no differences were observed in FF E2, FF P lev-
els, and their ratio between cycles with successful and
unsuccessful oocyte recovery, since we believe that the
success of follicle puncture depends more on the tech-
nique than on follicle and oocyte characteristics (28).
In our study ICSI procedures were also performed, so
in these cycles oocyte maturity was directly estimated
immediately after oocyte recovery. Unfortunately, the
number of immature oocytes was too small for statis-
tical comparing of FF compositions between follicles
containing mature and immature oocytes. Like some
other authors, we observed that FF steroids do not dif-
fer significantly as regards fertilization (1, 15). There
is only a small possibility that our results were influ-
enced by the choice of indications, since our study
also included couples treated for male infertility, in-
cluding ICSI cycles. We showed in a previous study
that ICSI for severe male infertility in unstimulated
cycles can generate results similar to those obtained
in unstimulated IVF cycles for tubal infertility (29).
Fertilization success and failure are influenced by oo-
cyte maturity at the time of oocyte recovery and in
our study almost all oocytes prepared for ICSI were in
metaphase II. We also found no differences in FF E2,
FF P and their ratio between conception and noncon-
ception cycles. It seems that FF steroid concentrations
are more relevant to granulosa cell proliferation and
maturation than to oocyte quality, which is reflected
by its fertilization ability and embryo implantation.
We also have to bear in mind that the possibility of
fertilization and conception depends on several fac-
tors, which may haze the value of FF E2, FF P, and
their ratio in predicting fertilization and conception
in unstimulated IVE/ICSI cycles.

However, our results suggest that FF E2 and P mea-
surement cannot be used to predict the outcome of

unstimulated IVE/ICSI cycles.
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