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Background: We aimed to present the relationship between premature progesterone elevation (PPE) and clinical outcomes
in high-responder patients who had a coasting period of <4 days in length due to their high risk of developing
ovarian hyperstimulation syndrome (OHSS) and who were treated with a long-acting gonadotropin-releasing
hormone agonist (GnRH-agonist) protocol in in vitro fertilization-embryo transfer (IVF-ET) cycles.

Material/Methods: This retrospective study was conducted at the University Hospital Assisted Reproductive Technology Center.
The outcomes of 101 patients undergoing IVF- intracytoplasmic sperm injection (ICSI) cycles who showed a
high response to COH (estradiol >4000 pg/ml and/or >20 follicles each 210 mm in diameter and at least 20%
>15 mm) and who were coasted for <4 days were evaluated. Number of oocytes, 2 pronuclei (PN) embryos, im-
plantation rate, and live birth rate were measured.
Results: The incidence of PPE was 32.6%. Compared with those without PPE, patients with PPE had a higher number
of oocytes retrieved. Total mature and fertilized oocytes and the mean number of embryos transferred were
not significantly different between groups. Live birth rates (41.9% vs. 38.7%) and implantation rates (26.5%
vs. 23%) were also not significantly divergent in the PPE and non-PPE groups, respectively.

Conclusions: P concentrations >1.3 ng/ml on the day of human chorionic gonadotropin (hCG) administration, designated
in this study as PPE, does not appear to be related to adverse effects in terms of clinical outcomes in high-re-
sponder patients undergoing coasting <4 days due to their high risk of developing OHSS treated with a long-
acting GnRH-a protocol in IVF-embryo transfer cycles.
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Material and Methods

Elevated serum progesterone (P) concentrations on the day
of human chorionic gonadotropin (hCG) administration [1,2]
is regarded as premature luteinization (PL), and was report-
ed to occur in 2% to 35% of GnRH-agonist (GnRH-a) cycles in
in vitro fertilization-embryo transfer (IVF-ET) procedures [3].
However, although P rise was historically associated with lu-
teinizing hormone (LH), in the context of premature LH surge,
genuine PL is in fact rarely encountered with the routine use
of GnRH analog protocols. However, the term PL is still used to
describe a substantial increase in serum P on the day of hCG
administration [4-6]. Most of the studies suggested that ele-
vated P is related to follicle-stimulating hormone (FSH) expo-
sure during the follicular phase [3,7-9]. Therefore, premature
progesterone elevation (PPE) is a better term to describe ele-
vated serum P concentrations on the day of hCG administra-
tion. In the meta-analysis by Venetis et al., one proposed ex-
planation for the elevated P, at least for studies using GnRH-a
to inhibit LH surge, was the presence of an excess number of
follicles, each one producing a normal amount of P, consis-
tent with the late follicular phase, and in this way the excess
of proliferating granulosa cells led to increased P production,
independent of LH exposure [10].

The etiology and possible effects of PPE on cycle outcome re-
main controversial. Although these high serum P concentra-
tions could adversely affect the quality of oocytes and/or en-
dometrial maturation and receptivity, as suggested by some
authors [1-4,11], better outcomes have also been reported by
others [12,13]. Some reports have indicated that PPE has no
impact on pregnancy outcome during controlled ovarian hy-
perstimulation (COH) for IVF-ET [10,14,15]. Withholding gonad-
otropin stimulation while continuing GnRH analogue adminis-
tration and postponing hCG injection, designated as coasting,
has been suggested as a treatment modality in cases of im-
pending ovarian hyperstimulation syndrome (OHSS) [16,17].
Without any significant compromise to IVF cycle outcome, a
short coasting interval (<4 days) presents an opportunity to
reduce the risk of OHSS [18,19].The incidence of PPE on the
day of hCG administration in coasted cycles is not well de-
fined. In addition, treatment outcomes of high-responder pa-
tients who exhibit PPE during the coasting period have not
been thoroughly described.

The aim of the present study was to evaluate the relationship
between PPE and clinical outcomes in high-responder patients
who had a coasting period of <4 days due to their high risk
of developing OHSS, treated with a long-acting GnRH-a pro-
tocol in IVF-ET cycles.

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

This retrospective study was conducted at the University
Hospital Assisted Reproductive Technology (ART) Center be-
tween November 2012 and February 2014 after approval by
the Ethics Committee of University Hospital.

We evaluated the outcomes of 101 patients undergoing IVF-
intracytoplasmic sperm injection (ICSI) cycles who showed a
high response to COH (estradiol >4000 pg/ml and/or >20 folli-
cles each 210 mm in diameter and at least 20% >15 mm) and
who were coasted for <4 days. The distribution of infertility
factors was as follows: chronic anovulation (13.8%), tubal fac-
tor (9.5%), endometriosis (5.9%), male factor (46.8%), and un-
explained infertility (24%). The patients were informed about
the coasting procedure and the fact that it did not complete-
ly abolish the risk of developing OHSS.

Pituitary suppression was achieved by the administration of a
GnRH-a (leuprolide acetate, Lucrin®, 0.1 mg, Abbott Healthcare
SAS, Suresnes, France) in the mid-luteal phase of the previous
cycle. When the serum estradiol (E,) concentration fell below
50 pg/ml, ovarian stimulation was started with the adminis-
tration of a recombinant FSH (follitropin alfa [Gonal-F®], Merck
Serono, Bari, Italy; or Puregon®, Organon, Oss, the Netherlands)
at a dosage of 150-300 IU. The dosage of gonadotropins was
determined according to the patient’s ovarian antral follicle
count, age, and body mass index (BMI). The starting regimen
was fixed for the first 3 days, and thereafter the dose of go-
nadotropins was adjusted according to the individual ovarian
response. An injection of 250 mcg IU rhCG (hCG, Ovitrella®,
Serona, Istanbul, Turkey) was given when at least 3 mature
(>18 mm) follicles were observed. Oocyte retrieval was per-
formed 36 h later, and the oocytes were subjected to IVF or
ICSI. Embryos were transferred 5 days after oocyte retrieval.
Luteal phase was supported by 100 mg/day Progesterone in
Oil intramuscular injections. Clinical pregnancy was defined as
the presence of a gestational sac detected on ultrasound at
least 3 weeks after the first B-subunit hCG (BhCG) test, which
was performed 12 days after the ET procedure. Ongoing preg-
nancy was defined as a pregnancy continuing 12 weeks af-
ter embryo transfer.

Coasting was applied according to the institutional criteria, as
well as the described series (E, >4000 pg/ml and/or >20 folli-
cles >10 mm in diameter and at least 20% >15 mm), in which
high-responder patients were considered to have a high risk
of developing OHSS. Daily measurements were taken until the
serum E, concentration dropped to <4000 pg/ml, on which day
hCG was administered, while gonadotropin administration was
withheld and GnRH-a was maintained.
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Table 1. Clinical data of patients with undergoing controlled ovarian stimulation for IVF.

High Low
P (>1.3 ng/mL) P (<1.3 ng/mL)

Cycle characteristic

Number of ET cycles n (33) n (68)
Duration of infertility y 7.3£3.8 6.7+3.5 ns
Day-3 FSH (IU/L) 7.41+2.0 7.04+1.6 ns
BMI (kg/m?) 25.7+3.0 25.2+2.9 ns
Total gonadotropin dose (IU) 1404+184 1437+147 ns
Duration of stimulation (day) 7.76x1.1 7.85+1.1 ns
Endometrial thickness on hCG day 9.7+1.5 9.5+1.6 ns
Duration of coasting (day) 2.4+0.7 2.3+0.8 ns
Serum E, level on day of hCG (pg/mL) 31414714 22994567 <0.001
LH on day hCG (mIU/ml) 1.2+1.2 1.2+1.1 ns

P value <0.05 statistically significant; ns — not significant.

In the study by Bosch et al,, 1.2 ng/ml was established as the

discriminatory serum P level. Values equal to or greater than 5000.007 o23

this level were found to have 85.2% specificity, 47.3% sen- 4000.00-

sitivity, 51.9% positive predictive value, and 82.7% negative _

predictive value for the absence of any pregnancy (8). For the £ 3000.00

purposes of this analysis, PPE was defined as a P concentra- = 500000

tion >1.3 ng/ml on the day of hCG administration.

1000.00

Blood samples were obtained from each patient during cycle 0.00

monitoring to assess the response to COH for determination of ’ — ) T

serum E2, LH, and P concentrations. Samples were tested us- 'gz?.rf?lzs/t;?ne Oviqrg?]?};rfne

ing a fully automated random access analyzer (Elecsys 2010°, Groups

Roche-Diagnostics, Mannheim, Germany) based on chemilu-

minescent immunoassay technology. For all measurements,
the inter-assay coefficient of variation was <10% and the in-
tra-assay variation was <10%.

Statistical analysis

Statistical analysis was performed using t-test, chi-squared test,
and Fisher’s exact test, as indicated. Numeric data were com-
pared using Student’s t-test, and categorical data were com-
pared using chi-squared and Fisher’s exact tests. Results are
expressed as the mean +SD. A P value <0.05 was considered
statistically significant. SPSS software version 16.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses.

Results

In our study, PPE occurred in 33 of 101 patients (32.6%). There
were no significant differences between the PPE and non-PPE
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Figure 1. E, concentrations at the time of hCG administration.

groups with respect to patient age (30.0+4.5 vs. 30.8+4.3 years;
P=0.38), duration of infertility (7.3+3.8 vs. 7.04+1.6 years;
P=0.36), FSH levels assessed on day 3 of the cycle (7.41+2.0
vs. 7.04+1.6 IU/L; P=0.36), or BMI (25.7+3.0 vs. 25.2+2.9 kg/m?
P=0.49). The total gonadotropin dose used, the days of stim-
ulation, endometrial thickness on hCG day, and the duration
of coasting were similar in both groups (Table 1).

E2 concentrations at the time of hCG administration were
significantly higher in the PPE group compared with the
non-PPE group (31414714 vs. 2299+567 pg/ml, respective-
ly; P<0.001) (Figure 1). P levels on the day of hCG in patients
with PPE were 3 times higher (1.5+1.0 ng/ml) compared with
patients without PPE (0.5+0.2 ng/ml; P<0.001). However, the
LH levels on the day of hCG were similar between the PPE and
non-PPE groups (1.2+1.2 mliU/ml vs. 1.2+1.1 mIU/m|, respec-
tively; P=0.97). Compared to those without PPE, patients with
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Figure 3. Compared total mature and fertiized oocytes and the
mean number of embryos transferred.

Figure 2. Number of oocytes compared the patients with PPE
and without PPE.

Table 2. Outcome in patients with PPE and no PPE for IVF.

High

Low

Outcome P (<1.3 ng/mL)

P (>1.3 ng/mL)

Number of ET cycles n (33) n (68)
| Mean number of coytes 247193 - 179578 0001
No.of Mil oocytes (ICS| cydles) 166:42 149142 s
| PN fertilzation with Icsi %) g0 885 s
 Mean no. of embryos transferred 16104 1504 s
implantation rates (R) %) %5 23 s
Cinical pregnancy %) 83  s0 s
| Miscarriage rates ) B33 61 s
lvebirthrates %) no 7 s

P value <0.05 statistically significant; ns — not significant.

PPE had a higher number of oocytes retrieved (24.7+9.3 vs.
17.947.8 respectively; p<0.001) (Figure 2). Total mature and
fertilized oocytes and the mean number of embryos transferred
were not significantly different between groups (Figure 3).

No significant differences were observed between the 2 groups
for the clinical pregnancy results (48.3% in the PPE group and
50% in the non-PPE group; P=0.88), miscarriage rates (13.3%
in the PPE group and 16.1% in the non-PPE group; P=1.0), live
birth rates (41.9% in the PPE group and 38.7% in the non-
PPE group; P=0.82), and implantation rates (IR) (26.5% in the
PPE-group and 23% in the non-PPE group; P=0.73) (Table 2).

Discussion

The mechanism underlying PPE is not clearly understood. PPE
could be the result of higher levels of P or endogenous LH
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during the follicular phase of COH [20]. The increase in serum
hCG from the human menopausal gonadotropin preparations
used for ovarian hyperstimulation could be another reason
for a premature serum P increase [21]. Incomplete GnRH - a
pituitary down-regulation — has also been proposed [7,22];
thus, increasing E, levels may induce LH secretion for a stim-
ulation of granulosa cells sufficient to produce P but inade-
quate to trigger ovulation [23,24]. High serum P concentra-
tions have recently been reported to be related to FSH dose
[8]. In one report, the authors commented that this was prob-
ably a consequence of the activation of other signal transduc-
tion pathways of FSH [25]. Recent research has shown that
FSH induces the expression not only of the aromatase path-
way but also of the other genes stimulating the phosphory-
lation of kinases that are downstream targets of IGF-1 [26].
Another explanation is related to FSH stimulation of LH recep-
tors on granulosa cells. Therefore, P could be produced even
in the presence of low serum LH levels [1,3,22]. This seems to
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be the case in the current study, as LH was not elevated, and
similar LH concentrations were observed in both groups. P el-
evation varies widely among reports (e.g., 0.8 ng/ml and 9.54
nmol/l) [8,27]. In our study, a P level >1.3 ng/ml was set as the
threshold to define PPE, and the incidence of PPE was found
to be 32.6%, which is consistent with the 38.3% reported by
Bosch et al. and 36.7% reported by Li et al. [8,28]. The effect
of P elevation on the day of hCG administration on pregnan-
cy outcomes is a subject of debate. Many authors have stud-
ied the effects of PPE on IVF-ET cycle outcomes, and conflict-
ing results were obtained. Fanchin et al., using a level of >0.9
ng/ml as an arbitrary measure of premature serum P eleva-
tion, reported a negative effect in terms of pregnancy rates
(PR) and suggested that endometrial receptivity may be af-
fected [1]. Hofmann et al. used P levels above 2.0 ng/ml as
indicative of PPE in GnRH-a cycles but reported no effect on
cycle outcome in terms of PRs or IRs [14]. Segal et al. evaluat-
ed the occurrence of PPE (serum P concentration >1.3 ng/ml)
and its possible effect on outcome when a GnRH antagonist
COH protocol was administered in patients with polycys-
tic ovary syndrome (PCOS) [20]. The study has demonstrat-
ed that PPE does not have a detrimental effect on pregnancy
outcome. In the recent report from Bosch et al., the P thresh-
old was 1.5 ng/ml, and above this level ongoing PR was low-
er, independent of the GnRH analogue used [29]. To date, only
1 study has explored PPE in coasted cycles and evaluated the
impact of the duration of coasting on IVF cycle outcome. In
this retrospective study, infertile patients who underwent a
long protocol with a GnRH-a were analyzed [25]. The patients
with a high response to ovarian stimulation were coasted due
to high risk of developing OHSS. The investigators evaluat-
ed whether PPE (>1.2 ng/ml) was present in these cycles and
whether it might be related to coasting duration. P concen-
trations and PPE were significantly higher in coasted patients
when compared with non-coasted patients. Of the patients
with PPE, 60% required >3 days of coasting. They mentioned
that extended coasting duration, especially coasting >4 days,
exerts a negative effect on IR, and the effect of PPE on endo-
metrial maturation may explain the negative impact of pro-
longed coasting on IVF cycle outcome. In the present study,
we aimed to evaluate the effects of high P levels in high-re-
sponder patients who underwent short-interval coasting, and
we found no significant impact on PR and IR.

Bosch et al. reported that higher doses of FSH and longer stim-
ulation is needed in cycles with high P levels on the day of hCG
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