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Hormonal profile in early luteal
phase after triggering ovulation
with gonadotropin-releasing
hormone agonist in
high-responder patients

Bella Martazanova*, Nona Mishieva, Irina Vedikhina,
Anastasia Kirillova, Irina Korneeva, Tatyana Ivanets,
Aydar Abubakirov and Gennady T. Sukhikh

Federal State Budget Institution (FSBI) National Medical Research Center for Obstetrics,
Gynecology and Perinatology named after Academician V.I. Kulakov Ministry of Healthcare of the
Russian Federation, Moscow, Russia
The major limitations associated with gonadotropin-releasing hormone

agonist (GnRHa) triggering are inferior clinical outcomes in fresh embryo

transfer cycles caused by luteal phase insufficiency following the GnRHa

triggering. We included 153 high-risk patients in this study. In group I, the

patients received gonadotropin-releasing hormone agonist (GnRHa) trigger +

1,500 IU human chorionic gonadotropin (hCG) support on the oocyte pick-up

(OPU) day; in group II, the patients had a dual trigger (GnRHa + 1,500 IU hCG);

and in group III (control), 10,000 IU hCG trigger was prescribed for the final

oocyte maturation. The levels of LH, estradiol, and progesterone were

evaluated in serum on the stimulation starting day, day 6 of stimulation, on

the day of the trigger administration, OPU day, days 3 and 5 post-OPU, and day

14 post-ET, as well as in follicular fluid. Progesterone concentration was

significantly lower in group I on OPU+5 compared to the hCG group (I vs. III,

р = 0.0065). Progesterone levels were significantly lower in group II in serum on

OPU+5 compared to groups I and III (I vs. II, р = 0.0068; II vs. III, р = 1.76 × 108).

The progesterone levels were significantly higher in follicular fluid in group III

compared to the study groups (I vs. III, р = 0.002; II vs. III, p = 0.009). However,

no significant differences in clinical outcomes were found between the groups.

Then, we divided all women into pregnant and non-pregnant groups and found

that estradiol (p = 0.00009) and progesterone (p = 0.000036) on the day of the

pregnancy test were significantly higher in the pregnant women group. Also,

progesterone on OPU day was significantly higher in the non-pregnant group

(p = 0.033). Two cases of moderate ovarian hyperstimulation syndrome (OHSS)

late-onset occurred in group I (3.5%, 2/56), no case of moderate/severe OHSS

late-onset in group II, and three cases of moderate late-onset in group III (5.7%,
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3/53). The low-dose hCG supplementation improves the luteal phase

insufficiency after GnRHa triggering, which is confirmed by the comparable

pregnancy rates in fresh transfer cycles between the groups. However, low-

dose hCG carries a similar risk of OHSS as the full dose of hCG in high-

responder patients.
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Introduction

The luteal phase insufficiency is leading to inferior clinical

outcomes in fresh embryo transfer cycles after using

gonadotropin-releasing hormone agonist (GnRHa) for oocyte

maturation. This became the main limitation for GnRH

triggering implementation in fresh cycles despite an effective

avoidance of ovarian hyperstimulation syndrome (OHSS) (1).

This negative outcome is the result of a luteal phase defect

caused by the reduced luteinizing hormone (LH) surge and fast

luteolysis (2). The GnRH agonist-induced surge lasts less than 48

h, which is crucial for corpus luteum support (3).

A recent Cochrane review demonstrated that GnRHa

triggering is associated with low clinical pregnancy rates and

high rates of early pregnancy loss (4, 5) despite good

embryological outcomes (6–8). It is still an open question

regarding the optimal protocol for luteal phase support after

GnRHa triggering (9, 10). The main approaches that are used to

overcome luteal phase insufficiency are i) luteal support with

high doses of estradiol (E2) and progesterone (P) or ii)

application of a single low-dose hCG bolus for the luteal phase

rescue (10, 11).

According to current data, intensive luteal phase support is

not enough for luteal phase insufficiency correction after GnRHa

trigger in patients with peak E2 <4,000 pg/ml compared with

those with peak E2 <4,000 pg/ml (11). The serum LH on the day

of a trigger is one of the strictest predictors of pregnancy. The

authors conclude that some form of LH supplementation after

the GnRHa trigger may be necessary for corpus luteum support

and in-vitro fertilization (IVF) success in high-risk patients with

peak E2 <4,000 pg/ml (11). However, the LH/hCG

supplementation in high-responder patients could increase the

risk of OHSS development (12, 13).

This prospective observational study aimed to evaluate the

levels of estradiol and progesterone and a low-dose bolus on

OPU or dual trigger in high-risk patients after GnRHa agonist

triggering versus the standard hCG trigger in fresh embryo

transfer cycles.
02
Materials and methods

Study design

This study was a prospective observational study and was

approved by the Ethics Committee and Institutional Review

Board of Kulakov National Medical Research Centre of

Obstetrics, Gynecology, and Perinatology, protocol no. 2, 15

February 2013. Written informed consent was provided by all

participants. The patients were recruited from February 2013 to

December 2014.
Patient population

This is a secondary analysis of a study that was held in the

years 2013–2014 in the Kulakov National Medical Research

Centre of Obstetrics, Gynecology, and Perinatology. A total of

258 high-risk, high-responder patients were included. The

inclusion criteria were as follows: age <40 years, anti-Müllerian

hormone (AMH) level >2.5 ng/ml, antral follicle count

(AFC) >14, and not using additional methods for OHSS

prevention (such as dopamine agonist, GnRH antagonist in

the luteal phase, etс.). The exclusion criteria were as follows:

severe endometriosis, uterine abnormalities, subserosal fibroids,

intramural fibroids >4 cm, hydrosalpinx, and severe male

inferti l i ty. We excluded patients with an estradiol

concentration >4,000 pg/ml (14,685.366 pmol/L) and patients

that did not receive a fresh embryo transfer (ET). Thus, only 153

women were enrolled in the hormonal profile analysis

(Supplementary Materials).
Sample size

The power analysis was performed according to the data

reported by Engmann et al. who demonstrated a 0% OHSS rate

after GnRHa triggering and 31% in the hCG triggering control

group (14). The 80% power of detection with a 31% difference
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between the group proportions was achieved with the group

sample size of 20 with L = 0.025 (three-arm design).

Furthermore, a post-hoc power analysis was performed

according to the results from Datta et al., who reported a

16.2% OHSS rate after GnRHa triggering and hCG bolus on

OPU day and 31% in the hCG triggering group (12). The group

sample size of 125 in the study groups with L = 0.025 (three-arm

design) achieved 80% power of 31% difference between the

group detection.

Power analysis was performed using the Statistica software

first followed by using R. However, based on the totality of

outcomes in the interim analysis, we decided to discontinue

further recruitment.
Outcomes

The primary outcomes were the serum and follicular

concentrations of LH, estradiol, and progesterone and late-

onset OHSS rate after different ways of ovulation triggering.

The secondary outcomes were the number of mature metaphase

II (MII) oocytes, the number of top-quality embryos per cycle,

and the ongoing pregnancy rate.
Treatment

The treatment description was accurately reported in our

previous manuscript (13). All women underwent the IVF

program using a flexible GnRH antagonist protocol. The

patients were divided into three groups to receive one of the

three types of ovulation trigger when at least three ovarian

follicles had reached 17 mm in diameter.

In group I (n = 56), patients received the GnRHa trigger

triptorelin 0.2 mg (Diferelin, Ipsen Pharma Biotech, Les Ulis,

France) subcutaneously, and on the day of oocyte retrieval, 1,500

IU hCG (Pregnyl, Organon, Oss, the Netherlands) administered

intramuscularly was added (15). In group II (n = 44), patients

received a dual trigger (triptorelin 0.2 mg + 1,500 IU hCG) (16).

In group III (n = 53), the control group, patients received a full-

dose hCG trigger (10,000 IU Pregnyl, Organon, Oss, the

Netherlands). The oocyte trigger was chosen by chance by a

physician involved in the study.

All patients in groups I and II received luteal phase support

with micronized P 600 mg/day (Utrogestan; Olvera, Spain;

Besins Manufacturing, Belgium) and estradiol valerate 4 mg/

day (Proginova; Lanno, France; Bayer Pharma AG, Germany)

starting on the day after OPU. In group III, patients received

micronized P 600 mg/day only, starting on the day after OPU.

In the study, we considered the late-onset forms of OHSS.

Because all patients that were enrolled for analysis were allowed

fresh ET and did not have early OHSS, the severity of OHSS was

graded using the Golan classification (17). In the study, we
Frontiers in Endocrinology 03
considered moderate and severe forms of OHSS as they are

clinically relevant.
Embryology

The fertilization of mature oocytes (MII) was performed via

standard IVF in case of normal sperm parameters according to

World Health Organization recommendations (18) or by ICSI in

case of male infertility. Embryos were cultured in 6% CO2 and

5% O2 in sequential media (ISM1, BlastAssist media; Origio,

Denmark). Embryo transfer was performed either on day 3

(OPU+3) or day 5 (OPU+5). Blastocysts’ score was assigned

according to the Gardner and Schoolcraft classification (19).

Blastocysts graded ≥3BB on day 5 were classified as top-quality

embryos. One or two embryos were used for the ET on OPU+3

or OPU+5.
Hormonal level assessment

The hormonal level assessment was accurately reported in

our previous manuscript (13). The serum concentrations of LH

(IU/L), E2 (pmol/L), and P (nmol/L) were measured in real-time

using an IMMULITE 2000 immunoassay system (Siemens AG,

Flanders, NJ, USA). Plasma samples were obtained on the

stimulation starting day, day 6 of stimulation, the day of

ovulation triggering, OPU day, days 3 and 5 post-OPU, and

the day of the pregnancy test.

Follicular fluid (FF) samples for hormonal level

measurement were collected on the day of OPU. A total of

108 FF samples were obtained from 54 patients.
Statistical analyses

Statistical analysis was performed with the IBM SPSS v 22.0.

Continuous variables were tested for normality. For non-

normally distributed data, we used the Kruskal–Wallis test and

then the Mann–Whitney test. For the multiplicity of statistical

testing, Bonferroni correction was applied. Categorical variables

were compared using Fisher’s exact test. p-values <0.05 were

considered statistically significant. Spearman’s rank correlation

testing with p-values was defined as <0.05.
Results

Patients’ characteristics

Patients’ characteristics such as race, age, duration and

causes of infertility, the starting and total doses of rFSH, mean

basal E2 level, and mean AMH concentration did not differ

significantly between the groups (Table 1).
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Serum hormone levels

The LH levels were significantly lower on the OPU day in the

hCG group (I vs. III, р = 4.61 × 108; II vs. III, p = 1.71 × 107), and

the same result was observed in follicular fluid, too (I vs. III, р =

0.002; II vs. III, p = 0.009). The estradiol concentration was

similar in all groups during ovarian stimulation and was

significantly lower in the dual trigger group on OPU+5 (I vs.

II, р = 0.004; II vs. III, p = 0.001). Progesterone levels were

significantly lower in the dual trigger group in serum on OPU+3

compared to the hCG group (II vs. III, р = 0.045); however, after

the Bonferroni correction was applied, the significance was not

confirmed (Тable 2).

However, on OPU+5, progesterone concentrations were

significantly lower in the dual trigger group compared to

groups I and III (I vs. II, р = 0.0068; II vs. III, р = 1.76 × 108)

(Table 2). In group I, progesterone concentration was

significantly lower compared to the control group on OPU+5

(I vs. III, р = 0.0065). The P levels were significantly higher in

follicular fluid in the hCG group (I vs. III, р = 0.002; II vs. III, p =

0.009) (Table 3). Then, we divided all women into pregnant and

non-pregnant groups and found that E (p = 0.00009) and P (p =

0.000036) on the day of the pregnancy test were significantly

higher in the pregnant women group. Also, P on OPU day was

significantly higher in the non-pregnant group (p = 0.033). The

E2 on OPU+3 (p = 0.045) and OPU+5 (p = 0.047) was

significantly higher in the pregnant women group; however,

the p-value was near the 0.05 threshold (Table 4). The LH,

estradiol, and progesterone concentrations in follicular fluid
Frontiers in Endocrinology 04
were comparable between the pregnant and non-pregnant

women (Table 5). The LH, estradiol, and progesterone

concentrations in blood serum and follicular fluid in non-

pregnant and pregnant women per group are described in

Table 6. The estradiol level was significantly higher in the

blood serum of pregnant women compared to that of non-

pregnant patients in all groups (group I = 0.042, group II =

0.028, group III = 0.022), and the progesterone concentrations

were higher in the blood serum in the hCG group (p > 0.0001).
Embryological and
reproductive outcomes

There were no statistically significant differences in the main

embryological (Table 7) or clinical outcomes between the groups

(Table 8). No cases of fetal malformations were detected in this

study. Three cases of premature birth on the 27–31 gestation

weeks (one in group I and two in the hCG group) were observed.

No significant difference was observed between the groups in

moderate late-onset OHSS (Table 8).
Discussion

In this study, we compared the levels of estradiol,

progesterone, and LH in the early luteal phase and the

pregnancy test day after GnRHa triggering plus 1,500 IU hCG

on OPU day (group I) and dual triggering (group II) approach

with a full dose of hCG.
TABLE 1 Demographic and stimulation data.

GnRHa group
(n = 56)

Dual trigger group
(n = 44)

hCG group
(n = 53)

p-value

Age, years 29 (27–33) 31 (28–33) 30 (29–33) 0.386

Body mass index, n 21.5 (20.3–24.55) 22.05 (19.6; 25.65) 22.2 (20.3–24.6) 0.874

Basal FSH, IU/L 6.15 (4.25; 7.33) 6.70 (5.3; 8.4) 6.2 (5; 8.1) 0.125

AMH, ng/ml 4.45 (3; 7.2) 3.60 (3.30; 5.06) 4.2 (2.85; 5.8) 0.351

AMH (2.5–4 ng/ml/>4 ng/ml), % 48.2%/51.8% 59.1%/40.9% 47.2%/52.8% 0.441

Infertility duration, years 4 (3–6) 3 (2; 4) 4 (3; 6) 0.095

Infertility
I
II

57.1 (32/56)
42.9 (24/56)

52.3 (23/44)
47.7 (21/44)

50.9 (27/53)
49.1 (26/53)

1.0

Infertility factors, %
- Tubal
-Male
-PCOS
-Combined
-Unexplained

33.9 (19/56)
37.5 (21/56)
16.1 (9/56)
10.7 (6/56)
1.8 (1/56)

34.1 (15/44)
31.8 (14/44)
18.2 (8/44)
13.6 (6/44)
2.3 (1/44)

37.7 (20/53)
28.3 (15/53)
22.6 (12/53)
7.6 (4/53)
3.8 (2/53)

1.0
0.215

Starting rFSH dose, IU 150 (150; 200) 150 (150; 200) 150 (150; 200) 0.918

Total rFSH dose, IU 1,500 (1,200; 1,975) 1,350 (1,000; 1,762.50) 1,600 (1,200; 1,987.5) 0.294

Number of follicles ≥11 mm on ovulation triggering day, n 17 (15; 20) 19 (16; 20) 18 (16; 20) 0.064
fronti
Values are median (25%–75%) unless otherwise noted.
PCOS, polycystic ovarian syndrome.
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Our study indicates that estradiol and progesterone

concentrations elicited by the modified luteal support

including a small dose of hCG resulted in comparable

pregnancy rates. However, low-dose hCG carries a similar risk

of OHSS as the full dose of hCG in high-risk patients.
Frontiers in Endocrinology 05
In the present study, we found a comparable late-onset

OHSS in group I and the control group (with a full dose of

hCG). Our previous results demonstrated that any dose of hCG

caused a similar VEGF concentration in the blood, even when

the GnRH agonist had been added for oocyte triggering, which
TABLE 3 LH, estradiol, and progesterone concentrations in follicular fluid.

GnRHa group
(n = 21)

Dual trigger group
(n = 15)

hCG group
(n = 18)

p-value

LH, IU/L 8.075 (3.8; 10.75) 11.60 (8.30; 16.8) 1.96 (1.6; 2.85) 0.0000504
p1/2 = 0.115
p1/3 = 0.026

p2/3 = 0.00002

Estradiol, µmol/l micromole/l 1.36 (0.705; 1.965) 0.87 (0.59; 1.51) 1.485 (1.0; 2.12) 0.278

Progesterone, µmol/l micromole/l 17.05 (12.25; 23.61) 17.13 (13.78; 26.30) 35.04 (20.91; 60) 0.0013
p1/2 = 1.0

p1/3 = 0.002
p2/3 = 0.009
f

Values are median (25%–75%) unless otherwise noted.
LH, luteinizing hormone.
Bold values: P1/2 –P-value between the GnRHa group and Dual trigger group; P1/3 - P-value between the GnRHa group and hCG group; P2/3 - P-value between the Dual trigger group and
hCG group.
TABLE 2 LH, estradiol, and progesterone concentrations in blood serum. .

Hormonal profile GnRHa group
(n = 56)

Dual trigger group
(n = 44)

hCG group
(n = 53)

p-value

Basal LH, (IU/L) 4.5 (3; 6) 5.1 (4; 6.9) 4.2 (3.2; 5.9) 0.289

LH on day 6 of stimulation, (IU/L) 4.6 (2; 11) 4.3 (2; 9) 3.7 (2; 7.4) 0.362

LH, triggering day (IU/L) 1.07 (0.5; 1.6) 0.70 (0.4; 1.7) 1.45 (0.6; 2.2) 0.160

LH, OPU 3.60 (1.8; 5.05) 3.40 (2.1; 4.9) 0.80 (0.55; 1.5) 5.081 × 109

p1/3 = 4.61 × 108

p2/3 = 1.71 × 107

p1/2 = 1.0

LH, OPU+3 0.30 (0.19; 0.5) 0.30 (0.20; 0.40) 0.40 (0.20; 1.0) 0.301

LH, OPU+5 0.2 (0.1; 0.5) 0.20 (0.1; 0.55) 0.1 (0.1; 0.6) 0.649

Basal estradiol, (pmol/L) 130.50 (90; 151) 105.00 (95; 163) 134.00 (104; 160) 0.470

Estradiol, on day 6 of stimulation, (pmol/L) 5,093.5 (3,043; 6,519) 4,582 (3,234; 5,724) 3,884 (3,256.5; 6,048.5) 0.916

Estradiol, triggering day (pmol/L) 9,034 (6,704; 11,266) 7,996 (6,138; 10,276) 8,704 (7,133; 10,442) 0.250

Estradiol, OPU 4,349 (2,928; 5,505) 3,172.00 (2,702; 4,148) 4,180 (2,750; 5,461) 0.066

Estradiol, OPU+3 6,321 (4,103; 9,130) 5,499.00 (3,783; 6,748) 5,136 (3,772; 5,878) 0.059

Estradiol, OPU+5 5,789.5 (4,119.5; 8,495.0) 3,190 (1,698; 5,668) 6,422.0 (5,180; 8,053) 0.00011
p1/2 = 0.004
p1/3 = 1.0

p2/3 = 0.001

Estradiol, day of the pregnancy test 551 (346; 1,476) 683.00 (341; 1,208) 3,415 (406; 5,727) 0.234

Progesterone, triggering day (nmol/L) 2.85 (2; 3.4) 2.6 (1.7; 3.6) 2.55 (1.9; 3.35) 0.783

Progesterone, OPU 26 (17.1; 36) 28.30 (18.1; 39.8) 27.7 (19; 37.5) 0.853

Progesterone, OPU+3 321 (183.5; 371.5) 232 (162.5; 304) 304 (239; 368) 0.045
p1/2 = 0.205
p1/3 = 1.0

p2/3 = 0.052

Progesterone, OPU+5 212.85 (124.5; 319) 97.0 (60.4; 178) 314.5 (268; 388) 2.215 × 108

p1/2 = 0.0068
p1/3 = 0.0065

p2/3 = 1.76 × 108

Progesterone, day of pregnancy test 25.05 (4.8; 74.4) 58.5 (29.2; 77.6) 196.4 (28.3; 316) 0.220
Values are median (25%–75%) unless otherwise noted.
OPU, oocyte pick-up; LH, luteinizing hormone.
Bold values: P1/2 –P-value between the GnRHa group and Dual trigger group; P1/3 - P-value between the GnRHa group and hCG group; P2/3 - P-value between the Dual trigger group and
hCG group.
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could have resulted in OHSS (13) and supported the

present conclusion.

According to previous data, the GnRHa triggering

administration effectively eliminated OHSS in high-risk

patients despite the hCG low-dose timing (20). Thus, no cases

of OHSS were observed in the GnRHa group with the hCG

support on OPU day in women at risk of OHSS with an E2 peak

of 7,936 pmol/ml (20); only one case of late-onset OHSS was

reported (n = 182) using the dual trigger approach despite the

inclusion of high responders (a mean peak E2 level of 4,748 ±

1,493 pg/ml) (16). According to the latest publication, there was

no difference in live birth rates and OHSS between patients who

received low-dose hCG at the time of GnRH agonist trigger (dual

trigger) and those who received low-dose hCG at the time of

oocyte retrieval; however, the authors show that the cases of
Frontiers in Endocrinology 06
OHSS in the group who received low-dose hCG at the time

of oocyte retrieval were moderate, while the one case of OHSS in

the dual trigger group was mild (21).

However, some studies demonstrated a 16.2%–26% incidence

of mild to moderate OHSS after GnRHa triggering following low-

dose hCG luteal support on OPU day (12, 22) and a 9% incidence

after the dual triggering in the high-responder patients (23).

After hormonal level analysis, we found that the LH

concentrations were significantly lower on the OPU day in the

hCG group (Table 2), and the same result was observed in

follicular fluid, too (Table 3), which is the result of induced

endogenous LH surge.

The progesterone levels were significantly lower on OPU+5

in the study groups compared to the hCG group (Table 2). We

supposed that it is the result of corpus luteum luteolysis, even

when low doses of hCG were added. However, the progesterone

concentrations required for pregnancy in the fresh ET cycle were

not known.

As the ovarian stimulation by itself and hCG as a trigger are

not natural processes and induce superphysiological hormonal

levels and multiple follicular growth with unnaturally long hCG

corpus luteum support [the hCG surge lasts for 7–10 days after

administration reaching a peak after 24 h (24) with a mean half-

life of 2.32 days (55 h) (25)], the GnRH agonist approach is more

natural for oocyte triggering, as it induces the FSH and LH surge

which lasts only 24–36 h (24, 26).

The progesterone levels were significantly higher in follicular

fluid in group III compared to the study groups (Table 3), which
TABLE 4 LH, estradiol, and progesterone concentrations in blood serum in pregnant and non-pregnant women.

Hormonal profile Non-pregnant (n = 91) Pregnant women (n = 62) p-value

Basal LH, (IU/L) 5.1 (3.5; 6.3) 4.1 (3.2; 5.75) 0.125

LH on 6 days of stimulation, (IU/L) 4.20 (2; 10) 4 (1.90; 7.4)

LH, triggering day (IU/L) 1.11 (0.55; 2) 0.9 (0.40; 1.80) 0.374

LH, OPU 2.55 (1.4; 4.6) 2.8 (1.1; 4.6) 0.961

LH, OPU+3 0.3 (0.13; 0.5) 0.3 (0.2; 0.5) 0.770

LH, OPU+5 0.2 (0.1; 0.55) 0.2 (0.1; 0.5) 0.823

Basal estradiol, (pmol/L) 120.0 (91; 147) 133.0 (104; 171) 0.121

Estradiol, on 6 days of stimulation, (pmol/L) 4,381 (3,130.5; 5,953.5) 4,582 (3,220; 6,391) 0.420

Estradiol, triggering day (pmol/L) 8,575 (6,685; 10,640) 8587 (6,633; 10,442) 0.942

Estradiol, OPU 3,838.0 (2,658; 4,915) 4,313.5 (3,067; 5,540) 0.067

Estradiol, OPU+3 5,222 (3,783; 6,538) 6,185 (4,258; 9,091) 0.045

Estradiol, OPU+5 5,092 (3,043.50; 6,083.50) 6,083.5 (4,020; 8,531) 0.047

Estradiol, day of the pregnancy test 406.0 (286; 773) 4,042.5 (1,113.5; 7,791) 0.00009

Progesterone, triggering day (nmol/L) 2.7 (1.80; 3.50) 2.6 (1.90; 3.40) 0.888

Progesterone, OPU 29.1 (21.9; 38) 22.8 (14.2; 33.7) 0.033

Progesterone, OPU+3 283.5 (182.25; 363.00) 303.5 (229.0; 368.5) 0.377

Progesterone, OPU+5 217.0 (76.3; 315.0) 228.5 (144.0; 324.0) 0.413

Progesterone, day of the pregnancy test 32.40 (12.3; 62.0) 246.0 (68.25; 423.95) 0.000036
fronti
Values are median (25%–75%) unless otherwise noted.
OPU, oocyte pick-up; LH, luteinizing hormone.
Bold values: P-value between the non-pregnant and pregnant women.
TABLE 5 LH, estradiol, and progesterone concentrations in follicular
fluid in pregnant and non-pregnant women.

Hormonal
profile

Non-preg-
nant

(n = 38)

Pregnant
women
(n = 16)

p-
value

LH, IU/L 7.98 (2.05; 11.6) 7.06 (2.225; 10.65) 0.734

Progesterone, µmol/l
micromole/l

20.11 (14.48;
33.96)

23.65 (14; 35.01) 0.844

Estradiol, µmol/l
micromole/l

1.3 (0.86; 1.86) 1.22 (0.74; 2.14) 0.793
Values are median (25%–75%) unless otherwise noted.
OPU, oocyte pick-up; LH, luteinizing hormone.
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could be the result of the “truncated” endogenous LH surge and

complement previous data on the importance of luteal phase

modification after GnRHa triggering.

Then, we compared the LH, estradiol, and progesterone

concentrations in blood serum and follicular fluid in non-

pregnant and pregnant women per group (Table 6). No

correlation was found between the studied parameters and the

IVF outcomes during the early luteal phase. Only on the day of

the pregnancy test, the estradiol level was significantly higher in

the blood serum of pregnant women compared to that of non-

pregnant patients in all groups (Table 6), while the progesterone

concentrations were significantly higher in the blood serum in

the hCG group than those in pregnant women (Table 6).

Thus, high-responder patients who had GnRH agonist

triggering with further modified luteal support (groups I and

II) had sufficient concentrations of estradiol and progesterone

for pregnancy support, and even the levels of progesterone were

significantly different between the groups on OPU+5 (Table 2).

Then, we divided all women into pregnant and non-

pregnant groups, and as expected, we found that estradiol (p =

0.00009) and progesterone (p = 0.000036) on the day of the

pregnancy test were significantly higher in the pregnant women

group (Table 4). It is complementary to previously reported data

(27) and could be the result of the endogenous hCG corpus

luteum support.

Also, progesterone on OPU day was significantly higher in

the non-pregnant group (p = 0.033). Despite that we did not find

premature luteinization during stimulation in the present study,

it is known that progesterone receptor expression in stimulated

cycle endometria is similar to the one described during the first

days of the luteal phase in natural cycles, and supraphysiological

concentrations of steroid hormones might cause accentuated

maturation of the endometrium in IVF cycles (28). So, we

supposed that higher progesterone levels in the OPU phase

could affect the endometrium.

The estradiol levels on OPU+3 (p = 0.045) and OPU+5

(p = 0.047) were significantly higher in the pregnant women

group; however, the p-value was near the 0.05 threshold,

so further studies are needed to evaluate this tendency

(Table 4). The progesterone levels during this period did not

show any difference between pregnant and non-pregnant

women (Table 4).

All measured hormones in follicular fluid were comparable

between pregnant and non-pregnant women (Table 5). We

supposed that further investigations are needed to clarify the

role of estradiol and progesterone in pregnancy prediction.

An interesting result of the influence of luteal serum

progesterone levels on live birth rates was shown by Thomsen

et al. (2018). The authors reported that serum progesterone

levels of 60–100 nmol/L in the early luteal phase and 150–250

nmol/L during the mid-luteal phase correlated with the high

chances of pregnancy in fresh embryo transfer cycles.
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Furthermore, mid-luteal progesterone levels >400 nmol/L led to

a significant reduction in the chance of a positive hCG test, and

patients with progesterone >100 nmol/L had a lower risk of an

early pregnancy loss compared to the reference group (27). Also,

according to a 2014 review, the minimum mid-luteal

progesterone threshold is approximately 80–100 nmol/L,

which correlates with an early pregnancy loss reduction and

an increased live birth rate (29).

As a consequence, we ranged our results according to

progesterone levels (1: progesterone levels of 60–100 nmol/L,

2: progesterone levels of 150–250 nmol/L, and 3: progesterone

levels >400 nmol/L) on OPU+3 and OPU+5 and measured the

correlation between pregnancy rates and early pregnancy loss;

however, no difference was observed.

In line with the present study, the recent data from Kaye

et al. demonstrated that corpus luteum function was higher

when low-dose hCG was given on the OPU day compared with

adjuvant hCG given on the ovulation trigger day. Though both

methods of hCG support effectively improved the luteal phase

insufficiency and led to high pregnancy rates, the authors

concluded that the potential for OHSS risk with increased

corpus luteum activity after hCG on the OPU day should be

considered (30). Thus, they reported about three cases of mild–

moderate OHSS in the group receiving adjuvant hCG on the

OPU day (15%) and one in the group receiving the dual trigger

(10%) (30). The authors supposed that the difference in

hormonal profile between the groups with different timing of

hCG supplementation could be the result of differences in corpus

luteum age as the hCG-stimulated steroidogenic response is
Frontiers in Endocrinology 08
dependent on the age of the corpus luteum and steroidogenic

acute regulatory gene expression (30, 31).

In the present study, we did not find any difference in the

treatment success rates between the GnRHa (groups I and II)

and the hCG triggering groups, and the reproductive outcomes

of the study groups were similar to those of previous studies.

According to previous data, the ongoing pregnancy rate after

GnRHa triggering plus the administration of a low dose of hCG

on OPU day was reported to be 28%–37.1% (12, 20). Also,

previous studies demonstrated the ongoing pregnancy rate of

57.7%–58.8% after dual triggering in fresh ET cycles (11, 16).

The current prospective randomized double-blind research

that compared the timing of hCG (on ovulation triggering day or

on the OPU day) supplementation after GnRHa triggering

reported comparable live birth rates between the dual trigger

group and the GnRHa group with hCG on OPU day (14/34,

41.2% vs. 21/37, 56.8%, p = 0.19), with OHSS rates of 9.7% and

3.8%, respectively (21).

The major limitations of this work are the small subset of

patients and the non-randomization design. Also, another study

limitation is that for the initial same size calculation, we used the

early OHSS rate and not the serum hormonal concentrations

and late-onset OHSS rate because late OHSS is not a common

complication. In addition, in the study of Datta et al., no late-

onset OHSS occurred in the GnRH agonist triggering and hCG

groups; in contrast, the incidence of early mild-to-moderate

OHSS was 16.2% with the GnRHa trigger and 31.0% with the

HCG trigger (12). In the study of Humaidan et al., only two cases

of moderate late-onset OHSS occurred in the hCG group, and
TABLE 7 Embryological outcome.

GnRHa group (n = 56) Dual trigger group (n = 44) hCG group (n = 53) p-value

Oocytes, n 13 (11; 16) 12 (10; 14) 14 (12; 16) 0.147

MII oocytes, n 11 (9; 13) 10 (8; 12) 12 (10; 14) 0.242

2PN, n 8 (6; 11) 7 (5; 10) 10 (8; 11) 0.174

Fertilization rate (IVF) 77% 71% 79% 0.472

Fertilization rate (ICSI) 86% 78% 82% 0.374

Blastocysts, n 5.5 (3; 8) 4 (2.5; 6.5) 5 (2; 7) 0.153

Top-quality embryos, n 3 (1; 6) 3 (1; 4) 3 (0; 5) 0.349
fronti
Values are median (25%–75%) unless otherwise noted.
MII oocytes, metaphase II oocytes; 2PN, two-pronuclear zygote.
TABLE 8 Clinical outcomes and ovarian hyperstimulation syndrome rate.

GnRHa group (n = 56) Dual trigger group (n = 44) hCG group (n = 53) p-value

Positive hCG, % (n/per ET) 44.6% (25) 27.3% (12) 47.2% (25) 0.102

Clinical pregnancy, % (n/per ET) 39.3% (22) 27.3% (12) 41.5% (22) 0.305

Early pregnancy loss, % (n/per ET) 12.5% (7) 6.8% (3) 7.5% (4) 0.547

Delivery rate, % (n/per ET) 26.8% (15) 18.2% (8) 39.6% (21) 0.062

Moderate late-onset OHSS, % 3.5%, 2/56 0% (0/44) 5.7%, 3/53 0.292
ET, embryo transfer.
Bold values: P-value between the non-pregnant and pregnant women per group.
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there were no cases of late-onset OHSS in GnRH + 1,500 hCG in

the high-risk patients (20).

However, our study is unique as it is one of the last studies

that received approval from the ethics committee for hCG

administration to high-risk patients. Moreover, the strength of

the present study is that it involves good prognosis patients in

terms of patient characteristics: young women with normal body

mass index; high ovarian reserve without any burdened

anamnesis, which reduces the effect of patient-dependent risk

factors on the effectiveness of the IVF program; and the close

monitoring of the patient’s hormonal response during ovarian

stimulation and early luteal phase.

We believe that more studies are needed on luteal support

avoiding low-dose hCG administration, with high doses of

estradiol and progesterone only (10), because a single bolus

hCG support for luteal phase rescue does not eliminate OHSS.

Based on the present data, we concluded that modified luteal

support including a small dose of hCG effectively supports

corpus luteum function, which results in similar pregnancy

and OHSS rates compared to full-dose hCG in high-

responder patients.
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