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ABSTRACT 

OBJECTIVE: In frozen-thawed embryo transfer cycles, preparing a synchronous endometrium for the 

embryo is essential. The aim of this study is to provide individualized luteal support in hormonally re-

placed frozen-thawed embryo transfer cycles and to evaluate mid-luteal serum progesterone levels and 

pregnancy outcomes. 

STUDY DESIGN: In this prospective cohort study, 30 patients were included in a university hospital in 

a six month period. Serum progesterone level on embryo transfer day was monitored, and if it was found 

to be below the lower limits defined by previous studies (10 ng/mL), additional 100 mg intramuscular mi-

cronized progesterone was administered once. Mid-luteal progesterone levels and pregnancy outcomes 

were recorded.  

RESULTS: There was no significant difference between mid-luteal progesterone levels of the patients 

whose transfer day progesterone was above and below 10 ng/mL (p=0.481). Although the clinical preg-

nancy rate tended to be higher in patients whose mid-luteal progesterone was above 10 ng/mL, it was 

also not statistically significant.  

CONCLUSION: This is the first study in which vaginal progesterone treatment was supported by intra-

muscular progesterone according to serum progesterone values for the purpose of individualized pro-

gesterone support. A significant difference was not found in pregnancy outcomes. However, further 

studies are required to optimize management and improve pregnancy rates in hormonally treated 

frozen-thawed embryo transfer cycles. 
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Introduction 

Improvement in cryopreservation and vitrification tech-

niques enables achieving successful frozen-thawed embryo 

transfer (FET) outcomes. In these cycles, while embryo qual-

ity and appropriate freezing and thawing protocols are crucial, 

transferring the embryo to a prepared endometrium for a suc-

cessful implantation is important as well. Preparing a recep-

tive endometrium for the embryo substantially affects the 

pregnancy rates. There is not a definite protocol that is sug-

gested to increase the success of FET cycles in current litera-

ture, though natural cycles or artificial cycles with hormonal 

replacement can be used (1). Several studies have been con-

ducted to find the proper time and dosage of hormone re-

placement to find the optimal period of endometrial receptiv-

ity. Certain levels of serum progesterone during the luteal 

phase are reported to affect pregnancy rates, and individual-

ized luteal phase support is suggested to obtain these levels (2-

5). As for studies comparing vaginal and intramuscular prog-

esterone administration for the optimization of serum proges-

terone levels, different outcomes are reported (6-8). In a recent 

study, which assessed the association between vaginal proges-

terone dose adjustment for individualized luteal phase support 
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and pregnancy results, the importance of monitoring serum 

progesterone levels is emphasized (9).  

The aim of this study was to monitor serum progesterone 

levels in early and mid-luteal phases of hormonally replaced 

FET cycles; and to administer additional intramuscular prog-

esterone on embryo transfer day, where serum progesterone 

level was below the threshold (<10 ng/mL) defined by previ-

ous studies (3,9,10). We further assessed its effect on mid-

luteal serum progesterone levels and the relation of these val-

ues with clinical pregnancy rates. 

Material and Method 

This prospective cohort study was conducted at the In 

Vitro Fertilization (IVF) Unit of a university hospital. Thirty 

patients undergoing hormone replaced frozen-thawed embryo 

cycles using oral estradiol and vaginal progesterone were en-

rolled between April 2019 and October 2019. Patients who 

were under 45 years old, who did not have any systemic dis-

ease, and who had one of the following infertility diagnoses 

were included; unexplained infertility, diminished ovarian re-

serve, polycystic ovary syndrome, tubal factor, or mild/mod-

erate male factor. Patients who underwent any uterine surgery, 

or who had Müllerian anomaly, hydrosalpinx, moderate/se-

vere endometriosis, or recurrent implantation failure were ex-

cluded from the study. The diminished ovarian reserve was 

defined as AMH <1 ng/mL and antral follicle count <7 at both 

ovaries on ultrasound examination (9). One cycle of 30 pa-

tients who had appropriate criteria and consented to study was 

included. Age and body mass index of the patients, infertility 

cause, the reason for embryo freezing, and grade of the em-

bryos were recorded. Estradiol (Estrofem®, 2 mg oral tablet, 

Novo Nordisk Health Products, Denmark) was started on the 

second or third day of the menstrual cycle in all patients at 

doses of 2 mg/day for seven days and increased to 4 mg/day 

thereafter, providing all patients to receive estradiol for at 

least 12 days before progesterone administration. During the 

treatment, endometrial thickness was assessed by consecutive 

vaginal ultrasound measurements, and micronized proges-

terone (Crinone® 8% Vaginal Gel, Merck, Germany) was 

started twice a day intravaginally as soon as endometrial 

thickness >8 mm, serum E2 >100 pg/mL, and progesterone 

<1.5 ng/mL was provided. Day 3 embryo transfer was per-

formed on day 4 and day 5/6-blastocyst transfer was per-

formed on day 6 of progesterone administration. Endometrial 

thickness was re-evaluated by abdominal ultrasound on trans-

fer day. All embryo transfer procedures were performed under 

ultrasound guidance and a single embryo transfer was per-

formed for each patient.  

Serum progesterone values were measured before starting 

progesterone administration, on embryo transfer day (early 

luteal phase), and 3 or 5 days after embryo transfer (8th day of 

progesterone administration) (mid-luteal phase). If serum 

progesterone on embryo transfer day was below the lower lim-

its (10 ng/mL), one dose of additional 100 mg intramuscular 

progesterone (Progestan® 50 mg/mL IM, Kocak Farma, 

Istanbul) was administered. Patients were classified into two 

groups according to a predefined progesterone threshold of 10 

ng/mL on the day of embryo transfer. The effect of additional 

progesterone administration on mid-luteal serum progesterone 

and pregnancy rates was evaluated. Clinical pregnancy was 

defined as the detection of the fetal heartbeat by vaginal ultra-

sound.  

This study was conducted in accordance with the 

Declaration of Helsinki and was approved by the Institutional 

Review Board and Ethics Committee of Ankara University 

Faculty of Medicine (Decision number: i3-121-19). Informed 

consent for using data was obtained from all patients. 

SPSS 23.0 program was used for statistical analysis. 

Categorical measurements were assessed as number and per-

cent, continuous measurements were summarized as mean and 

standard deviation. Chi-Square or Fisher test statistics were 

used to compare categorical variables between groups. To 

compare continuous variables, distributions were assessed, 

Student t-test for parametric variables and Mann Whitney U 

test for nonparametric variables were used. p<0.05 was con-

sidered significant for all tests. 

Results 

The cause for infertility for 30 patients was as follows; 

male factor infertility (n=12), unexplained infertility (n=9), di-

minished ovarian reserve (n=4), polycystic ovary syndrome 

(n=3), tubal factor infertility (n=1), and hypogonadotropic hy-

pogonadism (n=1).  

Frozen embryo transfer resulted in clinical pregnancy in 

16 of 30 patients (53.3%). When patients were classified into 

two groups according to transfer day progesterone values 

(<10ng/mL and ≥10ng/mL), characteristics of groups includ-

ing age, body mass index, cause of infertility, the reason for 

embryo freezing, number, and grade of embryos were similar 

between the groups (Table I). 

Transfer day progesterone was ≥10 ng/mL in 10 of 16 pa-

tients (62.5%) with clinical pregnancy, while serum proges-

terone was ≥10 ng/mL in 8 of 14 patients (57.1%) without 

pregnancy. No significant difference was found between clin-

ical pregnancy rates according to transfer day progesterone 

levels, being <10 ng/mL, or ≥10ng/mL (Table II). 

In 13 of 18 patients (72.2%), where transfer day proges-

terone was ≥10 ng/mL, mid-luteal progesterone was ≥10 

ng/mL. In contrast, mid-luteal progesterone was lower than 

the transfer day progesterone level in 5 patients.  

Following additional intramuscular progesterone adminis-

tration, mid-luteal progesterone was found to be above 10 

ng/mL in 10 of 12 patients (83.3%) where transfer day prog-

esterone was <10 ng/mL. 
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When two groups were classified according to transfer day 

serum progesterone, being higher and lower than 10 ng/mL, 

following intramuscular progesterone in patients whose prog-

esterone was <10 ng/mL on transfer day, mean mid-luteal 

progesterone were not significantly different between the 

groups (p=0.481). 

When mid-luteal progesterone values were considered, 23 

patients had progesterone values >10 ng/mL and pregnancy 

was achieved in 14/23 (60.9%) of these patients. Mid-luteal 

progesterone was below 10 ng/mL in 7 patients and pregnancy 

was achieved only in 2/7 (28.6%) of these patients. Although 

the clinical pregnancy rate seemed to be higher in patients 

where day 8 progesterone was above 10 ng/mL, no statistical 

significance was noted (Table II). Age, body mass index, 

number, and grade of embryos were also similar between the 

groups (p>0.05).  

Furthermore, when patients were classified in terms of 

clinical pregnancy, a significant difference was not found be-

tween age, body mass index, cause of infertility, the reason for 

embryo freezing, number of embryos, embryo quality, initial 

serum progesterone levels, transfer day progesterone and day 

8 progesterone levels (Table III). Embryo grades, all of which 

were 4AA and 4AB, were also similar between the groups 

(p=0.294). 

Transfer day PG <10 ng/mL Transfer day PG ≥10 ng/mL 

(n=12) (n=18) p 

Age (median (min-max)) 29 (24-33) 31 (26-42) 0.113 

BMI (median (min-max)) 23.67 (20.83-31.07) 22.58 (19.03-36.00) 0.183 

Cause of Infertility 

Male factor 5 7  

Unexplained infertility 2 7  

PCOS 2 1  

DOR 2 2  

Tubal factor 0 1  

Hypogonadotropic hypogonadism 1 0  

Embryo stage (D3/D5) 3/9 4/14 0.862 

Table I: Demographic features of the groups due to progesterone levels on transfer day 

 PG: Progesterone, BMI: Body mass index, PCOS: Polycystic ovary syndrome, DOR: Diminished ovarian reserve

Pregnancy (–) 

(n=14) 

Pregnancy (+) 

(n=16) 

p

PG <10 ng/mL at transfer day 50.0% 50.0% 
0.765

PG ≥10 ng/mL at transfer day 44.4 % 55.6% 

PG <10 ng/mL at 8th day 71.4% 28.6% 
0.204

PG ≥10 ng/mL at 8th day 39.1% 60.9% 

Table II: Pregnancy rates due to progesterone values at transfer day and 8th day 

Pregnancy (–) Pregnancy (+) 

(n=14) (n=16) 

(median (min-max)) (median (min-max)) p 

Age 31 (28-42) 30.50 (24-38) 0.981 

Body mass index 22.60 (21.19-30.10) 23.12 (19.03-36.00) 0.957 

PG in the beginning 0.53 (0.20-1.48) 0.62 (0.20-1.45) 0.614 

PG at transfer day 10.32 (2.76-20.70) 10.66 (3.90-22.20) 0.589 

PG at 8th day 13.88 (3.67-24.42) 12.76 (9.20-46.00) 0.273 

Table III: Features of the groups due to pregnancy achievement 

PG: Progesterone

PG: Progesterone
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Discussion  

The effect of progesterone support during the luteal phase 

and luteal serum progesterone values on the success of FET 

cycles were assessed in several studies. Yovich et al. (2) re-

ported that optimal serum progesterone levels increased im-

plantation rates. Alsbjerg et al. (3) defined a minimum value 

of 35 nmol/l for serum progesterone at FET cycles and sug-

gested that values lower than this level decreased pregnancy 

rates. Labarta et al. (4) denoted that low progesterone levels at 

transfer day decreased pregnancy rates in donation cycles. 

However, they could not find a statistically significant upper 

limit for progesterone, though, they suggested individualizing 

administration route and dose of progesterone. They further 

presented similar findings of another study with a large popu-

lation of non-selected patients and also demonstrated the ben-

efits of administering subcutaneous progesterone in addition 

to vaginal administration to achieve successful results (11). 

These results were further empowered by the data, showing 

the reproducibility of results regarding serum progesterone 

levels in a subsequent cycle, which was reported at ESHRE 

(European Society of Human Reproduction and Embryology) 

2019 meeting (11,12). Thomsen et al. (5) reported that high 

luteal progesterone levels, similar to that of low levels, poorly 

affected treatment outcomes in fresh cycles, and recom-

mended individualized luteal phase support according to early 

and mid-luteal serum progesterone monitorization. Based on 

these studies, we evaluated the effect of individualized luteal 

phase support on pregnancy outcomes.  

As for the route, dosage, and timing of progesterone appli-

cations for luteal phase support, a consensus has not been 

reached (8,13). In cycles with hormonal replacement, al-

though it is not clear why serum progesterone values are dif-

ferent on transfer day despite the same treatment dose and 

route, the rate of vaginal absorption, which may be altered by 

vaginal discharge or sexual intercourse might affect serum 

progesterone values (9,14). The effect of administration of 

vaginal, oral, and intramuscular progesterone was compared 

in several studies with inconsistent results. While the effects 

of vaginal and intramuscular routes were found to be similar 

in some studies (6,7), other studies indicated that intramuscu-

lar application improved pregnancy outcomes (8,15). 

Michnova et al. (16) used vaginal progesterone for luteal sup-

port, vaginal application was preferred due to its direct uterine 

effect, and easy application, and has no adverse outcomes 

such as allergic reactions. They compared the different types 

of vaginal micronized progesterone applications and con-

cluded that all were similar in terms of effectiveness and 

safety, however gel form was tolerated better.   

On the other hand, Devine et al. (8), in their study using 

vitrified blastocysts, compared the effect of vaginal proges-

terone alone, vaginal and intramuscular progesterone in com-

bination, and intramuscular progesterone alone on pregnancy 

rates. Vaginal progesterone alone arm was terminated due to 

poor pregnancy outcomes.  However, serum progesterone lev-

els were not measured in these studies. 

Paulson et al. (17) reported that the efficiency of oral prog-

esterone was mostly affected by the first-pass effect of liver 

metabolism. On the other hand, serum progesterone concen-

trations after intramuscular application were higher than the 

values reached by vaginal application, even though; serum 

concentrations were not correlated with the endometrial ef-

fect. Progesterone is mostly absorbed by the endometrium 

after vaginal application, and only a little amount goes to the 

systemic circulation. However, it is emphasized that low sys-

temic bioavailability does not indicate low biologic efficacy.  

In a recent study by Cedrin-Durnerin et al. (9), the dose of 

applied vaginal progesterone was increased when transfer day 

progesterone was under the threshold value, by this interven-

tion, serum values two days later were partially increased, 

however, clinical outcomes were not affected significantly. In 

this study, however, it is denoted that progesterone could also 

be administered by different routes. 

In our study, the intramuscular route was used for addi-

tional progesterone administration for the patients who had 

low transfer day progesterone values, based on the study of 

Paulson et al. (17), who denoted that increasing dose of vagi-

nal progesterone did not increase systemic progesterone con-

centrations in the same ratio, and additional progesterone at 

high doses may not change the absorbed amount, and Devine 

et al. (8), who reported that intramuscular progesterone was 

more effective for luteal support. 

In the study of Cedrin-Durnerin et al. (9), vaginal proges-

terone dose was increased in patients whose transfer day prog-

esterone was below the threshold, and progesterone level 

higher than 10 ng/mL was obtained 2 days later at 69% of the 

patients, however, outcomes of these patients were not signif-

icantly different from the patients whose progesterone value 

remained below 10 ng/mL. Our results are consistent with this 

report. Though in the same study, it is denoted that measuring 

progesterone at transfer day may not be sufficient and it 

should be monitored as early as two days after initiation of 

progesterone administration to improve treatment success (9).  

In our study, mid-luteal progesterone values after intramus-

cular progesterone dose were not found to be significantly dif-

ferent between the groups whose transfer day progesterone val-

ues were below and above 10 ng/mL, which may indicate the 

benefit of additional progesterone administration. On the other 

hand, values higher than 10 ng/mL on transfer day were not as-

sociated with pregnancy rates. While mid-luteal progesterone 

increased above 10 ng/mL after an additional dose in 83.3% of 

the patients with low progesterone at transfer day, these in-

creased values did not affect pregnancy outcomes significantly 

either. Although pregnancy achievement rates tended to be 
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higher in patients whose mid-luteal progesterone values were 

above 10 ng/mL, this result was not statistically significant, 

which may be related to the small sample size of the study.  

Different threshold values for progesterone were suggested 

in several studies (2-5). Furthermore, too high progesterone 

values were also thought to cause poor pregnancy outcomes 

(2). In our study, mid-luteal progesterone values were found to 

remain lower than the ceiling limits, which were reported in 

previous studies except for one patient who achieved preg-

nancy despite high mid-luteal progesterone levels (46 ng/mL). 

Different administration routes may also affect serum levels. In 

our study, we preferred the intramuscular route for an addi-

tional dose of progesterone, to monitor serum values and to ob-

serve the efficacy in addition to the vaginal route. We also ob-

served that a single dose was tolerated well by the patients. 

Prospective design and a novel dose adjustment for prog-

esterone are the strengths of the study, while a small sample 

size is a major limitation. Additional dose administration to all 

patients whose transfer day progesterone was lower than 10 

ng/mL may raise doubts about pregnancy outcomes, which 

might be reached in case of the additional intervention was not 

performed. However, our main interest was the relationship 

between appropriate progesterone levels and pregnancy rates. 

In conclusion, although our study is a preliminary report, 

to our knowledge, this is the first study in which vaginal prog-

esterone treatment was supported by intramuscular proges-

terone in case of low serum progesterone values for individu-

alized progesterone application. However, our study did not 

demonstrate a significant difference in pregnancy outcomes 

by this method of individualized progesterone administration. 

Further studies by large populations are needed to optimize 

the management of hormonally treated FET cycles in terms of 

luteal support and improve the outcomes. 
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