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Abstract

Background: The purpose of this research is to compare the efficacy of 8% micronized vaginal progesterone gel (VAG) at 180 mg daily
versus intramuscular progesterone (IMP) in oil at 100 mg daily for luteal phase support (LPS) after fresh single embryo transfer (SET)
in Patient-Oriented Strategies Encompassing Individualized Oocyte Number (POSEIDON) Group 1b patients, and to ascertain whether
the type of LPS predicts live birth in these patients. Methods: A total of 2420 assisted reproductive technology (ART) cycles performed
in Ondokuz Mayis University IVF Unit were analysed retrospectively. The data of POSEIDON Group 1b (unexpected suboptimal
responders) who underwent antagonist in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) cycles were included. All
patients were categorized into groups according to the form of LPS, specifically VAG and IMP. Pregnancy, clinical pregnancy rate
(CPR), live birth rate (LBR), spontaneous abortion rate and predictors of live birth (age, infertility duration, body mass index (BMI),
type of progesterone used for luteal support, serum day 3 estradiol, serum progesterone on the day of human coryonic gonadotrophin
(HCGQG), total duration of induction, serum estradiol on the day of HCG, the total number of oocytes retrieved, number of mature oocytes
obtained, average gonadotropin dose per day, total gonadotropin dose administered and total number of embryos retrieved) were analyzed.
Results: There was no statistically significant difference between the micronized VAG and IMP groups in terms of age (31 (23-35) vs. 27
(23-35), p = 0.319). There were no statistically significant differences in pregnancy outcomes between the two groups concerning CPR
per transfer (70.6% vs. 75.6%; p = 0.364), ongoing pregnancy per cycle (36.2% vs. 39.5%; p = 0.577), and LBR per cycle (34.4% vs.
36.1%; p = 0.785). The spontaneous abortion rates (36.2% vs. 36.8%; p = 0.921) were similar between VAG and IMP groups. The type
of LPS did not emerge as a parameter predicting pregnancy (odds ratio (OR): 0.718, 95% confidence interval (95% CI): 0.652-1.313, p
=0.451), clinical pregnancy (OR: 0.598, 95% CI: 0.592—1.289, p = 0.562) and live birth (OR: 0.802, 95% CI: 0.661-1.202, p = 0.580).
The logistic regression analysis aimed at assessing the influence of confounding factors, namely age, BMI, and duration of infertility on
pregnancy rate, CPR and LBR, did not reveal statistically significant results (»p > 0.05). Conclusions: VAG 180 mg daily provide similar
pregnancy outcomes compared to 100 mg daily IMP in POSEIDON Group 1b patients undergoing antagonist fresh IVF/ICSI cycles.
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1. Introduction Luteal phase deficiency (LPD) can occur following
Progesterone (P4) is crucial for both endometrial de- in vitro fertilization (IVF) due to follicular damage during
velopment and embryo implantation [1]. The transition of ~ ©0CYte retrieval, and suppression of endogenous P4 pro-
the endometrium to its receptive phase relies on adequate ~ duction resulting from the use of supraphysiological dose
serum P4 levels [2]. In natural menstrual cycles, P4 is syn- of follicle-stimulating hormone (FSH) during ovarian stim-
thesized by the corpus luteum (CL) and is indispensable for ulation [4]. Additionally, in ovarian stimulation protocols
maintaining pregnancy. P4 protects the embryo by stimu- utilizing gonadotropin-releasing hormone (GnRH) analogs,
lating the production of anti-inflammatory cytokines, and ~ Serum P4 levels remain low and LPD occurs [4]. The ne-
decreased serum P4 levels can increase the risk of miscar-  cessity of luteal phase support (LPS) is unquestionable for

riage [1,3]. Generally, there is a belief that endogenous pro- both managing luteal insufficiency and ensuring the contin-
uation of pregnancy during the early gestational period in

IVF cycles [4,5]. Various routes of LPS are utilized in IVF
cycles, including vaginal, intramuscular, and oral adminis-

duction of progesterone is sufficient to support implantation
in a natural cycle [1].
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Total IVF-ICSI cycles

N: 2420

Other ovarian stimulation protocols

—Excluded N: 1455

Y

Vs

Antagonist protocol
N: 965

N: 705

Exclusion criteria:
1. <23 age >35
2. BMI >28 kg/m2
3. Infertility duration >7 years
4. Basal FSH> 10 U/l
5. Basal E2 > 75 pg/mL
6. AFC <6
7. Abnormalities assessed by transvaginal ultrasonography.

1. uterine (fibroids, adenomyosis, Mullerian malformations)
2. ovarian (endometrioma, polycystic ovaries)
3. adnexal (hydrosalpinx)

8. Total gonadotrophin requirement >4500 |U.

9. Previous IVF cycles in which <4 oocytes were retrieved.

11. Azoospermia.

12. Patients with secondary infertility.

13. IVF/ICSI-ET cycle number >3.

14. Endometrial thickness on HCG day < 6 mm.

15. E2 on day of HCG 24000 pg/mL.

16. Number of retrieved oocytes <4 and >9.

17. Cycles yielded no embryo or <1 or no embryo transfer.
18. Non-blastocyst transfer cycles.

19. Cycles with missing patient file data.

10. Any significant systemic disease, endocrine, or metabolic disorder.

| <€—Excluded

Suboptimal responder group

N: 260
4 A
Group 1; N: 116
Progesterone vajinal gel
180 mg/day
- J
( A
Group 2; N: 144
> Progesterone intramuscular
50 mg/ml 1x2
N J

Fig. 1. The study flowchart depicted the included and excluded cycles. BMI, body mass index; E2, estradiol; AFC, antral follicle

count; IVF/ICSI-ET, in vitro fertilization/intracytoplasmic sperm injection-embryo transfer; FSH, follicle-stimulating hormone; HCG,

human chorionic gonadotropin.

tration of progesterone [5]. Both vaginal and intramuscular
routes have demonstrated efficacy in fresh stimulated IVF
cycles [6,7].

Insufficient response to standard treatment protocols,
characterized by inadequate follicle recruitment, is referred
to as ‘poor ovarian response’. [8]. Even women with nor-
mal ovarian reserve parameters may fail to achieve the opti-
mal oocyte yield. The Patient-Oriented Strategies Encom-
passing Individualized Oocyte Number (POSEIDON) cri-
teria encompass women demonstrating poor or suboptimal
responses to standard ovarian stimulation. This includes
unexpected poor responder women (retrieving <4 oocytes)
or unexpected suboptimal responder women (retrieving 4—
9 oocytes), as well as women with diminished ovarian re-
serve, who are anticipated to be poor responder women
[9]. The POSEIDON Group 1b criteria for unexpected sub-
optimal responders present significantly distinct prognoses
compared to women retrieving 10 or more oocytes [10,11].
Unexpected suboptimal responders are typically under 35
years of age and exhibit no markers suggestive of low ovar-
ian reserve [11].

Although research exists on LPS in normal re-
sponders and poor responders [9,12,13], there is cur-
rently a scarcity of studies on LPS administration routes
within POSEIDON Group 1b, which includes unexpected
suboptimal responders undergoing in vitro fertilization
(IVF)/intracytoplasmic sperm injection (ICSI) fresh em-
bryo transfer cycles.

The purpose of this study is to compare the efficacy of
8% micronized vaginal progesterone gel (VAG) at a daily
dosage of 180 mg compared to intramuscular progesterone
(IMP) in oil at a daily dosage of 100 mg for LPS following
fresh single embryo transfer (SET) in POSEIDON Group
1b patients and to assess whether the type of LPS influences
live birth rates in these patients.

2. Materials and Methods
2.1 Patient Population

A retrospective analysis was conducted on a total of
2420 assisted reproductive technology (ART) cycles per-
formed at Ondokuz Mayis University IVF Unit from Jan-
uary 2010 to December 2015. An approval was recieved
from the ethics committee at the Ondokuz Mayis Univer-
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sity Medical Faculty in Samsun (Approval No: 2017/121).
This study encompassed unexpected suboptimal respon-
ders (POSEIDON Group 1b) [10] undergoing fresh SET,
who yielded 4-9 oocytes postantagonist stimulation. These
individuals displayed normal ovarian reserve parameters,
which included a serum anti-mullerian hormone (AMH)
level of 1 ng/mL or higher, a basal follicle-stimulating hor-
mone (FSH) level below 10 IU/L, and antral follicle counts
(AFC) exceeding 10. The study involved a total of 260 pa-
tients. Fig. 1 illustrates all the inclusion and exclusion cri-
teria. Information regarding demographic characteristics,
ovarian stimulation parameters, and pregnancy outcomes
was extracted from the patient files.

2.2 Treatment Protocol

FSH injections were initiated on cycle day 3 (D3)
if functional ovarian cysts were not present. Ovarian re-
sponse was observed by serial transvaginal ultrasonography
with or without hormonal monitoring. Dosage adjustments
were based on the ovarian response. When encountering
a follicle measuring 14 mm in diameter, the administra-
tion of cetrorelix acetate as GnRH antagonist (Cetrotide®
0.25 mg, Merck KGaA, Darmstadt, Germany) at a daily
subcutaneous dosage of 0.25 mg persisted until the day
of human chorionic gonadotropin (HCG) administration
[14]. A dosage of 10,000 IU of HCG (Pregnyl® 5000 IU,
Organon, Oss, Netherlands) was administered intramuscu-
larly to stimulate the final maturation of oocytes. This pro-
cedure was executed when the dominant follicle reached a
size of 18 mm, and at least half of the remaining follicles
exhibited a mean diameter of no less than 14 mm. Oocyte
retrieval, guided by transvaginal ultrasound, was carried out
36 hours following the HCG injection.

All oocyte retrieval and embryo transfer procedures
were performed by the same experienced IVF specialist
(D.G., Director, IVF Unit, Ondokuz May1s University Hos-
pital, Samsun, Turkey). Fluid was collected from the folli-
cles during oocyte retrieval using a 17-gauge needle and
100 mmHg aspiration pressure. Under ultrasound guidance
(GE Logiq Alpha 200®, General Electric Medical Systems,
Milwaukee, Brookfield, WI, USA), a single embryo with
the highest morphological grade was transferred into the
uterine cavity. Transferred embryos were day 5 (D5) and
were good quality blastocysts, which was characterized by
early cavitation, resulting in the formation of an eccentric
and expanded cavity lined by a distinct inner-cell mass and
a trophectoderm layer with a thin zona pellucida. The trans-
fer procedure utilized an ultra-soft catheter (Frydman® Ul-
trasoft Catheter 4.5, CCD Laboratoire, Paris, France).

2.3 Luteal Support Protocol

LPS began on the evening of oocyte retrieval and per-
sisted until the day of the pregnancy test. In the presence
of a positive result, progesterone treatment was extended
for up to 10 weeks of gestation. Patients were divided into
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two groups, VAG and IMP, based on the type of LPS they
received. VAG group consisted of patients given 8% mi-
cronized vaginal progesterone gel 180 mg daily (Crinone
®, Merck KGaA, Darmstadt, Germany) and the IMP group
consisted of patients given intramuscular (injected into the
gluteal muscle) progesterone in oil 100 mg daily for luteal
support.

A positive pregnancy was defined by beta-human
chorionic gonadotropin (8-HCG) >20 mIU/mL [6]. Clini-
cal pregnancy was detected by sonographic demonstration
of cardiac activity at 7 weeks gestational age [6]. A loss of
clinical pregnancy before 12 weeks gestation was defined
as a spontaneous abortion [6]. An ongoing pregnancy was
defined as the detection of fetal cardiac activity at 12 weeks
of gestation or later. In this study, a live birth was defined as
an infant born alive >24 weeks of gestation who survived
>28 days.

2.4 Statistical Analysis

Statistical analyses were performed using SPSS ver-
sion 25.0 (IBM Corp, Chicago, IL, USA). Descriptive
statistics were presented as median (minimum to maximum
range), frequency, and percentage. Comparison of data was
performed utilizing the Chi-square test for nominal or ordi-
nal scaled data, and Fisher exact test was used in instances
where the assumptions for the Chi-square test were not met
due to low expected cell counts. Parametric tests were used
to analyze data sets demonstrating a normal distribution,
whereas nonparametric test sets were utilized for data sets
exhibiting deviation from normalit distribution. The Mann-
Whitney U test was employed where suitable. Whether
there existed a statistically significant difference between
numerical variables in the two groups, the Student’s #-tests
were utilized to ascertain. p < 0.05 was considered as sta-
tistically significant. For multivariate analyses, indepen-
dent predictors of pregnancy, clinical pregnancy, and live
birth outcomes were assessed using logistic regression anal-
ysis, incorporating potential factors identified in prior anal-
yses. The Hosmer-Lemeshow test was employed to evalu-
ate model fit. Results where the type-I error level was below
5% were considered statistically significant.

3. Results

The avarage age of patients in the VAG group was 31
years (range: 23-35), while it was 27 years (range: 23-35)
in the IMP group. All demographic characteristics of the
patients are summerized in Table 1.

There was not any statistically significant differences
between the two groups concerning ovarian stimulation
parameters, including mean total gonadotropin doses, en-
dometrial thickness, duration of stimulation, serum estra-
diol (E2) levels on HCG day, serum P4 levels on the day
of HCG, total number of collected oocytes, total number of
metaphase II stage (MII) oocytes, and fertilized oocytes (p
=0.456, p = 0.535, p = 0.626, p = 0.486, p = 0.522, p =
0.775, p=0.937, p = 0.260, respectively) (Table 2).
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Table 1. Table depicting demographic characteristics.

VAG Group (n: 116)  IMP Group (n: 144) p value

Age (years) © 31(23-35) 27 (23-35) 0.319¢
Duration of infertility (years) 6 (2-8) 5(1-8) 0.043
Atral follicle count on day 3 © 8 (5-14) 8 (5-12) 0.743
D3 FSH (IU/L) © 6 (4-10) 6 (4-10) 0.573¢
D3 E2 (pg/mL) ¢ 34.5 (5-74) 33.0 (8-66) 0.560¢
BMI (kg/m?) © 22 (17-27) 18 (17-27) 0.062%
Diagnosis of infertility. n (%)

Unexplained * 76 (65.5%) 98 (68.0%) 0.779°

Male factor * 34 (29.3%) 37 (25.7%)

Tubal * 6 (5.2%) 9 (6.3 %)

§2: data are presented as median (min-max); *: data are presented as number (percent).

@: Mann-Whitney U test; *: x? test.

VAG, vaginal progesterone gel; IMP, intramuscular progesterone; FSH, follicle stimulating

hormone; E2, estradiol; BMI, body mass index; D, day.

Table 2. Ovarian stimulation characteristics of both groups.

VAG group (n: 116)  IMP group (n: 144)  p value
Total gonadotropin dose (IU) 3275 (2500-4250) 3415 (2250-4900)  0.456°
Endometrial thickness on the day of HCG (mm) 9 (7-16) 10 (7-14) 0.5352
Total duration of stimulation (days) ¢ 10 (8-13) 10 (8-14) 0.626“
Serum E2 on the day of HCG (pg/mL) 2100 (1600-2800) 2200 (1750-2900)  0.486“
Serum P4 on the day of HCG (ng/mL) 0.8 (0.3-23) 1(0.3-9.6) 0.522¢
Total number of oocytes retrieved 7 (4-9) 7 (4-9) 0.775¢
Total number of MII oocytes 6(2-9) 6 (2-9) 0.937@
Number of fertilized oocytes (2PN) 6 (1-9) 5(1-9) 0.260%
Clinical pregnancy rate/per transfer * 70.6% (n: 82) 75.6% (n: 109) 0.364°
Ongoing pregnancy rate/cycle * 36.2% (n: 42) 39.5% (n: 57) 0.577°
Live birth rate/cycle * 34.4% (n: 40) 36.1% (n: 52) 0.785°
Spontaneous abortion per pregnancy * 36.2% (n: 42) 36.8% (n: 53) 0.921°

€2 data are presented as median (min— max); #: data are presented as number (percent).

@: Mann-Whitney U test; b: x?2 test.

VAG, vaginal progesterone gel; IMP, intramuscular progesterone; HCG, human chorionic gonadotropin; P4,

progesterone; E2, estradiol; MII, metaphase II stage; 2PN, 2 pro nuclei on retrieval day 1.

No statistically significant differences were found be-
tween the two groups in terms of CPR per transfer (70.6%
vs. 75.6%; p = 0.364), ongoing pregnancy per cycle (36.2%
vs. 39.5%; p = 0.577), and LBR per cycle (34.4% vs.
36.1%; p = 0.785). Additionally, spontaneous abortion
rates (36.2% vs. 36.8%; p = 0.921) were similar between
the VAG and IMP groups (Table 2).

There was not any correlation between the pregnancy
rate and several independent variables, including female
age (odds ratio (OR): 0.907, 95% confidence interval (95%
CI): 0.886—1.001, p = 0.218), duration of infertility (OR:
0.908, 95% CI: 0.873-1.028, p = 0.510), body mass in-
dex (BMI) value (OR: 0.615, 95% CI: 0.562-1.231, p =
0.425), or LPS type (OR: 0.718, 95% CI: 0.652-1.313, p
= 0.451) (Table 3). No independent variable demonstrat-
ing statistically significant correlation with clinical preg-
nancy rates was identified (female age (OR: 0.768, 95% CI:

0.665-1.102, p = 0.321), duration of infertility (OR: 0.802,
95% CI: 0.783-1.117, p = 0.410), BMI value (OR: 0.508,
95% CI: 0.465-1.131, p=0.366) and LPS type (OR: 0.598,
95% CI: 0.592-1.289, p = 0.562)) (Table 4). We found no
independent statistically significant parameters which cor-
related with live births including age of women (OR: 0.957,
95% CI: 0.895-1.023, p = 0.199), duration of infertility
(OR: 0.900, 95% CI: 0.885-1.019, p = 0.461), BMI value
(OR:0.996, 95% CI: 0.948-1.083, p = 0.699) and the types
of LPS type (OR: 0.802, 95% CI: 0.661-1.202, p = 0.580)
(Table 5).

The application of logistic regression analysis aimed
at evaluating the influence of confounding factors includ-
ing age, BMI, and duration of infertility on pregnancy, CPR
and LBR did not yield statistically significant findings (Ta-
ble 6). The calculated odds ratios for these factors were
1.372,1.232 and 1.098 (p = 0.452, p = 0.687 and p = 0.892,
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Table 3. Investigation of predictors of pregnancy.

Independent variables OR/95% CI (Lower—Upper)  p value

Female age 0.907 (0.886-1.001) 0.218
Duration of infertility (years) 0.908 (0.873-1.028) 0.510
BMI (kg/m?) 0.615 (0.562-1.231) 0.425
Type of progesterone used for luteal support 0.718 (0.652-1.313) 0.451

Multivariate logistic regression analysis with live birth rate (LBR) as dependent (out-
come) variable. Age, body mass index (BMI), infertility duration were controlled as
confounding factors. OR, odds ratio; 95% CI, 95% confidence interval.

Table 4. Investigation of predictors of clinical pregnancy.

Independent variables OR/95% CI (Lower—Upper)  p value

Female age 0.768 (0.665-1.102) 0.321
Duration of infertility (years) 0.802 (0.783-1.117) 0.410
BMI (kg/m?) 0.508 (0.465-1.131) 0.366
Type of progesterone used for luteal support 0.598 (0.592-1.289) 0.562

Multivariate logistic regression analysis with live birth rate (LBR) as dependent (out-
come) variable. Age, body mass index (BMI), infertility duration were controlled as
confounding factors. OR, odds ratio; 95% CI, 95% confidence interval.

Table 5. Investigation of predictors of live birth.

Independent variables OR/95% CI (Lower—Upper)  p value

Female age
Duration of infertility (years)
BMI (kg/m?)

Type of progesterone used for luteal support

0.957 (0.895-1.023) 0.199
0.900 (0.885-1.019) 0.461
0.996 (0.948-1.083) 0.699
0.802 (0.661-1.202) 0.580

Multivariate logistic regression analysis with live birth rate (LBR) as dependent (out-

come) variable. Age, body mass index (BMI), infertility duration were controlled as

confounding factors. OR, odds ratio; 95% CI, 95% confidence interval.

Table 6. Logistic regression analysis and odds ratio for pregnancy, clinical pregnancy and live birth rates when controlling for

confounding factors (age, BMI, and duration of infertility).

Outcome Measure

Coefficient (VAG group, n: 116) Coefficient (IMP group, n: 144) Odds ratio (95% CI) (Lower—Upper) p value

Pregnancy rate 84.4% (n: 98)
70.6% (n: 82)

33.6% (n: 39)

Clinical pregnancy rate
Live birth rate

81.2% (n: 117) 1.372 (0.732-2.420) 0.452
75.6% (n: 109) 1.232 (0.629-2.308) 0.687
35.4% (n: 51) 1.098 (0.591-1.949) 0.892

respectively). These results indicate a lack of statistically
meaningful associations between the identified factors and
the likelihood of pregnancy, clinical pregnancy and live
birth.

4. Discussion

In this study involving POSEIDON Group 1b patients
undergoing fresh SET in IVF cycles, we found that provid-
ing LPS with daily 180 mg VAG yielded pregnancy out-
comes such as CPR per transfer, ongoing pregnancy rates
per cycle, and LBR per cycle were comparable to those
given daily 100 mg IMP. Our study, conducted with a ho-
mogenous patient group in line with the nature of the PO-
SEIDON classification, revealed that ovarian stimulation
parameters such as mean total gonadotropin doses, endome-
trial thickness, duration of stimulation, serum E2 levels on
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the day of HCG administration, serum P4 levels on the day
of HCG administration, total number of collected oocytes,
number of MII oocytes, and fertilized oocytes did not dif-
fer between the groups utilizing vaginal or intramuscular
progesterone. In our study, the rates of spontaneous abor-
tion were comparable between the groups receiving VAG
and IMP. As a secondary outcome of our study, we identi-
fied that the type of LPS in POSEIDON Group 1b patients,
comprising suboptimal responders, did not correlate with
pregnancy rate, CPR and LBR.

Addressing infertility in the presence of predictors
indicating suboptimal response continues to pose an un-
solved challenge [15]. Polyzos and Drakopoulos [11] stated
that there are no established definitive treatment guide-
lines for patients in POSEIDON Group 1, which includes
unexpected suboptimal responders. They emphasized the
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necessity for tailored management based on the underly-
ing pathophysiologic mechanisms responsible for these pa-
tients [11]. Presumably, all these women respond subopti-
mally to ovarian stimulation, irrespective of age. POSEI-
DON Group 1b encompasses individuals with good ovar-
ian reserve, some of whom exhibit follicle stimulating hor-
mone receptors (FSH-R) and luteinizing hormone recep-
tors (LH-R) polymorphisms or variant luteinizing hormone
beta-subunit (LHS) [16]. Adjusting gonadotrophin dose in
patients with 4-9 oocytes retrieval history was linked to
higher oocyte yield in subsequent IVF cycles [17]. We
found the mean total gonadotropin dose was 3275 unit
(2500—4250) in VAG group and 3415 unit (2250-4900) in
IMP group. The mean number of oocytes retrieved [7 (4—
9) vs. 7 (4-9)] and number of MII oocytes [6 (2-9) vs. 6
(2-9)] in our study were comparable with previous studies
performed in POSEIDON Group 1b [9,15]. Another avail-
able option for enhancing IVF success in these women in-
volves the use of recombinant luteinizing hormone (rLH)
supplementation [11]. We did not use rLH in our study,
but the ovarian stimulation parameters in our study aligned
with the previous studies [6,9]. However, additional scien-
tific investigations are warranted to establish and validate a
standardized LPS protocol specifically tailored for patients
in POSEIDON group 1b undergoing fresh SET.

The administration of progesterone is standard prac-
tice for LPS [18,19]. However, the full establishment of
individualized LPS protocols remains to be achieved [19].
Recent study has highlighted the efficacy of progesterone
in improving CPR regardless of the administration route
[20]. For fresh embryo transfer cycles, various proges-
terone preparations, including vaginal, oral, and parenteral
forms, have been recommended [21].

A meta-analysis by Abdelhakim et al. [22] found
no significant differences between VAG and IMP in terms
of clinical pregnancies, ongoing pregnancies, miscarriages,
and live birth rates. Currently, no optimal route of pro-
gesterone administration for LPS following fresh embryo
transfers has been universally recommended for patients in
POSEIDON Group 1b [20-22].

Patil ef al. [23] examined outcomes in poor respon-
ders classified by POSEIDON criteria, reporting a CPR of
39.1% and a LBR of 20.2% among 45 suboptimal respon-
ders. In their study, IMP was administered following fresh
embryo transfer cycles [23]. Similarly, a recent large-scale
retrospective cohort study involving POSEIDON patients
reported a LBR per transfer of 44.4% in fresh embryo trans-
fer cycles, with LPS provided by daily VAG administration
[9]. However, the specific dose of vaginal progesterone was
not clearly specified in that study [9]. Our findings suggest
that daily administration of 180 mg vaginal progesterone
gel in POSEIDON Group 1b patients undergoing fresh sin-
gle embryo transfer is an effective LPS method that does
not adversely affect IVF outcomes.

Administration of IMP during the luteal phase and
early pregnancy necessitates prolonged daily intramuscu-
lar injections, posing potential challenges related to patient
discomfort and adherence. A novel water-soluble proges-
terone formulation has been formulated for subcutaneous
administration but the mean satisfaction scores of patients
did not differ between subcutaneous group and VAG group
(7.39 vs. 7.22, p=0.892 and p > 0.05) [13]. VAG repre-
sents a non-invasive and patient-friendly daily medication
option. VAG is characterized by high local concentrations
of progesterone in the uterus [24]. Additionally, simplify-
ing the treatment protocols used in IVF may help reduce the
physical and emotional difficulties experienced by patients
[25].

Previous studies have identified certain variables as-
sociated with live births in fresh IVF cycles. Metello et
al. [26] underscored the significance of a woman’s age and
serum AMH levels as robust predictors for live birth. Sim-
ilarly, Lee et al. [27] substantiated the value of AMH as
a pivotal biomarker for prognosticating both clinical preg-
nancy and live birth in women >40 years of age. Another
study developed a predictive model based on a woman’s age
and AMH levels [28]. Our study exclusively focused on
POSEIDON Group 1b patients. All of patients are below
35, with serum AMH levels >1 ng/mL. We did not iden-
tify an independent parameter predictive of live birth in our
study. This encompassed woman’s age, duration of infertil-
ity, BMI value, and diverse LPS. Moreover, we observed a
lack of correlation among several independent variables, in-
cluding LPS type, age, infertility duration, BMI value, and
both pregnancy rates and CPR in our investigation.

It is noteworthy that advanced maternal age (>35
years) has been linked to reduced IVF success rates [29].
van Eekelen et al. [30] suggested that IVF effectiveness de-
pends on age of the woman and infertility duration. While
IVF showed effectiveness in women under 40, the chance
of achieving pregnancy through IVF notably decreased for
those aged 34 and above [30]. Additionally, among women
aged 40-43, a poor ovarian response, indicated by the num-
ber of oocytes retrieved, emerged as a predictor for live
birth in IVF [31], but a definitive clinical variable that cor-
relates with clinical pregnancy, and live birth within the
subgroup of suboptimal responder patients from POSEI-
DON Group 1b remains elusive. Haahr et al. [32] high-
lighted that retrospective analyses of extensive databases
can classify patients into one of the POSEIDON groups.
Described POSEIDON criteria enable the stratification of
patients into more homogeneous sub-groups, offering cru-
cial recommendations for clinical management [32]. Pre-
vailing opinions within the current literature argue that pa-
tients belonging to POSEIDON Group 1b, positioned at
the far end of the spectrum in response to ovarian stimula-
tion, do not inherently represent any ‘abnormal’ condition
[33,34]. We performed logistic regression analysis in the
IMP and VAG groups and found that there was no signif-
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icant effect of confounding factors as age, infertility dura-
tion, and BMI on pregnancy, clinical pregnancy and LBR
in our study (p > 0.05). In alignment with the findings of
Esteves et al. [9], the ‘POSEIDON’ classification emerged
as an independent adverse predictor for the cumulative de-
livery rate per aspiration cycle. A recent comprehensive
review identified determinants associated with the POSEI-
DON classification, including women’s age, and BMI [35].
Additionally, logistic regression analysis revealed compa-
rable LBR in POSEIDON Groups 2 and 4, specifically
among women >35 years of age in another study [36].
Research focusing on factors linked to pregnancy, clinical
pregnancy and live birth probabilities in POSEIDON Group
1b, particularly among patients <35 years old with favor-
able ovarian reserve markers, is notably limited due to the
unique nature of these cases. These patients were identified
as having an anticipated high probability of eliciting an opti-
mal response. Notably, 18.9% of patients exhibited a transi-
tion from a suboptimal to an optimal response, while 36.9%
transitioned from an optimal to a suboptimal response [37].

5. Conclusions

VAG 180 mg daily and 100 mg daily IMP have sim-
ilar pregnancy outcomes in POSEIDON Group 1b patients
undergoing antagonist fresh SET IVF/ICSI cycles. Fu-
ture studies focusing on IVF outcomes in these young pa-
tients characterized by normal AMH levels might provide
a clearer understanding of clinical factors influencing IVF
success.
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