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Abstract

Purpose To assess which is the optimal protocol in terms

of endometrial preparation prior to frozen-thawed embryo

transfer (FET) in women with polycystic ovarian syndrome

(PCOS) and to explore the effect in stimulated cycle with

the addition of vaginal 17-b oestradiol.

Methods Five hundred and seventy-six patients with

PCOS were prepared for FET using artificial cycle induced

with oestradiol and progesterone supplementation

(n = 291) and stimulated cycle induced by human meno-

pausal gonadotrophin (HMG) within or without the addi-

tion of vaginal 17-b oestradiol (n = 285). Then the FET

was performed in a receptive endometrium.

Results Endometrial thickness was similar (9.03 ± 1.65

vs. 9.12 ± 1.58, P [ 0.05) in artificial and stimulated cycle.

The two protocols resulted in clinical pregnancy rate (41.0 %

vs. 41.6 %, P [ 0.05), ongoing pregnancy rate (36.6 % vs.

34.7 %, P [ 0.05), live birth rate (30.0 % vs. 31.7 %,

P [ 0.05), which were not statistically different. Neverthe-

less, the cancelled cycle rate made a significant difference

(2.2 % vs. 5.4 %, P \ 0.05). There is no significant differ-

ence in the clinical pregnancy rate in HMG, HMG added

with vaginal oestradiol and HMG switch to vaginal oestra-

diol group (42.6 %, 41.1 %, and 33.3 %, respectively).

Conclusions The mean endometrial thickness, clinical

pregnancy rate, ongoing pregnancy rate, live birth rate and

implantation rate were similar in artificial and stimulated

cycle for endometrial preparation prior to FET in PCOS. It

was fine to add vaginal 17-b oestradiol to stimulated cycle

when necessary. However, stimulated cycles had a signif-

icantly higher cancelled cycle rate. We should follow the

principles of individualization, securitization and optimi-

zation in endometrial preparation of the FET in patients

with PCOS.

Keywords Frozen-thawed embryo transfer � Endometrial

preparation � Artificial cycle � Induced ovulation �
Pregnancy rate

Introduction

Since the world first frozen-thawed embryo transfer (FET)

achieved the clinical pregnancy in 1983 [1], FET had

become an essential part of in vitro fertilization (IVF) or

intracytoplasmic sperm injection (ICSI) treatment. FET

enables the surplus embryos generated by IVF/ICSI treat-

ment to be stored and transferred at a later date. FET

increases the cumulative pregnancy rate, reduces cost,

prevents ovarian hyperstimulation syndrome (OHSS), is

relatively simple to undertake compared with repeated

‘‘fresh’’ cycles. Furthermore, FET is a common procedure

in women with polycystic ovarian syndrome (PCOS). The

PCOS patients have high responses to controlled ovarian

hyperstimulation (COH), therefore there is a high risk of

developing OHSS. In order to avoid the OHSS, the high

cancellation rates occur in fresh cycles [2].

In order to perform the FET, endometrial preparation

should be accomplished. For the regularly ovulating
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patients, natural cycle may be a good choice. But for the

patients with PCOS, the protocol to prepare the endome-

trium seems to be more complex. PCOS, a common

endocrine disorder, is characterized by menstrual irregu-

larities, infertility, clinical and biochemical hyperandrog-

enism, ovarian enlargement, abnormal gonadotropin

secretory dynamics, obesity and insulin resistance, which

do not coexist in all women diagnosed with PCOS [3, 4].

The endometrium in patient with PCOS should be well

prepared prior to FET to synchronize the development of

embryo with the endometrium. To overcome this problem,

the endometrium can be prepared using either artificial

priming with exogenous oestradiol followed by progester-

one or mild ovarian stimulation with human menopausal

gonadotrophin (HMG) [5].

Oestradiol valerate is widely used to prime the endo-

metrium. The oral route of administration is simple and

well tolerated, whereas it is extensively metabolized by the

intestinal mucosa and subsequently the liver. The vaginal

17-b oestradiol could bypass the first-pass hepatic metab-

olism. Thus, vaginal administration of oestradiol results in

high serum levels and even higher endometrial tissue levels

[6]. Induced ovulation is an another method to prime the

endometrium. HMG is an alternative follicle-stimulating

drug for FET preparation [7]. The granulosa cells of the

developing follicle produce oestradiol in response to HMG

stimulation, so that the endometrium could be prepared. In

the stimulated cycles, we noticed that there were an

increased number of patients with the thin endometrium or

the failure to develop mature follicle.

In view of the above, we designed a prospective study to

explore the effect in stimulated cycle with the addition of

vaginal 17-b oestradiol and assess which is the optimal

protocol between artificial cycle induced with oestradiol

and progesterone supplementation and stimulated cycle

induced by HMG within or without the addition of vaginal

17-b oestradiol in terms of endometrial preparation prior to

FET in women with PCOS.

Materials and methods

Patients

A total of 638 patients with PCOS undergoing FET cycles

between 1 January 2010 and 31 December 2012 were

invited. The Rotterdam criteria define PCOS by the pre-

sence of at least two out of three criteria: oligo- and/or

anovulation, clinical and/or biochemical hyperandrogenism

and polycystic ovaries. Clinical hyperandrogenism was

assessed as the self-reported degree of hirsutism using the

modified Ferriman–Gallwey (mF–G) scoring method [8].

The women compared the amount of body hair they had

before hair removal with a chart displaying degree of hair

growth in nine regions. Clinical hyperandrogenism was

defined by a mF-G score C8. Biochemical hyperandro-

genemia was defined as the finding of elevated androgens,

the specific cut-off values for testosterone and DHEAS

were 65 ng/dL and 2,800 lg/L [9]. Polycystic ovaries were

identified by vaginal ultrasound, conducted in the follicular

phase or when hormonal assessment showed no follicular

activity. Polycystic ovaries means C12 follicles measuring

2–9 mm in diameter, or ovarian volume[10 mL in at least

one ovary [10]. To establish, the diagnosis of PCOS is

important to exclude the other androgen excess disorders

with a similar clinical presentation but with different eti-

ologies (congenital adrenal hyperplasia, androgen-secret-

ing tumours, Cushing’s syndrome, hyperprolactinemia,

thyroid dysfunction). In order to exclude other pathologies,

we considered the following parameters: serum thyroid

stimulating hormone (TSH), fT3, fT4, PRL, 17OH-pro-

gesterone (17-OHP) and plasma cortisol. The cut-off points

for prolactin, TSH and free thyroxine were 30 ng/mL,

0.35–4.94 lIU/mL and 10–23 pmol/L, respectively. When

basic 17-OHP levels were[1.5 ng/mL, the ACTH test was

conducted to rule out congenital adrenal hyperplasia. Other

causes of hyperandrogenism, including prolactinoma,

Cushing’s syndrome and androgen-secreting tumours, were

also excluded.

Inclusion criteria for participation in this study were

maternal age \35 years, the first FET cycle, previous

conventional IVF/ICSI with two or more good embryo

cryopreservation on day 3 and normal intrauterine cavity

after pretreatment assessment. Exclusion criteria were the

use of testicular sperm for ICSI, the use of preimplantation

genetic diagnosis (PGD), early (day 3) follicular phase

follicle-stimulating hormone (FSH) levels C12 IU/L,

endometriosis of stage III or higher, hydrosalpinges and

body mass index(BMI) C28 kg/m2.

The research project was accepted by our Institutional

Review Board. All patients signed informed consent before

the treatment procedure.

Procedures

These 576 women with PCOS, who met the inclusion

criteria, were assigned randomly to either the artificial

cycle (n = 291) or the HMG cycle (n = 285). Participants

were allocated randomly into one of the two study groups.

The random allocation was performed by a study nurse at

consultation, using a computer generated randomization

list. From day 3 of the menstrual cycle or progesterone

withdrawal, patients underwent cycle were monitored by a

series of transvaginal ultrasound examination, urine

luteinizing hormone (LH) analysis and serum hormone

assay for FSH, LH, oestradiol and progesterone.
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Endometrial thickness and follicle diameter were measured

consistently using a 6.5-MHz vaginal probe (Sonoline,

Adara, Siemens). All ultrasound examinations were per-

formed by a single physician. No women reported use of

any medication during the last semester that could interfere

with the normal function of the hypothalamic–pituitary–

gonadal axis, including metformin. The protocols used

prior to FET were the following.

Artificial cycle group

Artificial cycles were commenced on the third day of

menstrual cycle or progesterone withdrawal without prior

downregulation of gonadotrophin releasing hormone ago-

nist (GnRHa). The dose of oestradiol valerate (Progyno-

va�, Schering AG, Berlin, Germany) was 2 mg twice daily.

Vaginal ultrasound and hormone assays were performed on

day 10. If the endometrial thickness reached C8 mm,

40-mg progesterone injection was given i.m. for 3 days

(20 mg per ampoule; Shanghai General Pharmaceutical

Factory, China) and oral oestradiol was continued, then

embryos were transferred on the fourth day of progesterone

treatment. If the endometrial thickness was\7 mm on day

10, the dose of oestradiol valerate was increased to 4 mg

twice daily. If the endometrium reached a minimum

thickness of 7 mm on day 14, progesterone treatment was

started and the FET procedure was followed. If the endo-

metrial thickness had not reached 7 mm on day 14, patients

were switched to vaginal 17-b oestradiol (Femoston�,

Abbott Biologicals B.V., The Netherlands) in addition to

oral oestradiol valerate. Using the Progynova 8 mg/day

orally and Femoston 2 mg/day vaginally to support the

endometrial development until the endometrium was

C7 mm, at which point they began progesterone treatment.

If the endometrial thickness was not C7 mm by day 20, the

cycle was cancelled.

HMG group

In the HMG group, 75 IU/day of HMG (75 IU; Livzon

Pharmaceutical Factory, China) was injected as a low-dose

regimen from the day 5 to day 9 of menstrual cycle or

progesterone withdrawal. Ultrasound and hormone assays

were performed on day 10, and the dose of HMG was

increased in 75–150 IU increments for another 5–10 days

when needed to stimulate the development of follicle and

endometrial proliferation. Transvaginal ultrasound and

hormonal surveillance were continued. When the endo-

metrial thickness of 7 mm or more was reached and follicle

diameter was above 18–20 mm and urine LH was\25 IU/

L, 5,000–10,000 IU of HCG (5,000 IU per ampoule,

Profasi; Serono) was used to trigger final oocyte matura-

tion, and the thawed embryos were transferred 5 days later.

If urine LH was C25 IU/L, the same dose of hCG was

given and FET was performed 4 days later. If urine LH was

C25 IU/L and endometrial thickness did not reach 7 mm,

the cycle was cancelled. If the endometrial thickness is

\7 mm on day 15, the patients were added with the vag-

inal 17-b oestradiol (Femoston�, 2 mg per day). If no

follicle diameter above 18–20 mm was found on day 20,

this protocol was actually switched to vaginal 17-b oest-

radiol 2 mg per day to prime endometrium. Once the

endometrial thickness is C7 mm on day 20 within or

without the mature follicle ovulation, the FET was per-

formed. Cycles with endometrial thickness continuously

\7 mm by day 20 were cancelled due to poor endometrial

response. Cycles with a premature progesterone rise were

cancelled as well. Thawed embryo transfer was performed

after beginning progesterone supplementation 72 h in

advance for embryos frozen on day 3.

Embryo freezing and thawing

The fresh cleavage-stage embryos had been frozen

according to the vitrification protocol on day 3 in a pre-

vious IVF/ICSI treatment. All embryos were assigned

grades in accordance with strict criteria [11]. Cleaved

embryos with at least six cells on day 3 and less than 10 %

fragmentation were considered type A. If the percentage of

anucleate fragments was between 10 and 30 % and/or 4–6

cells were present on day 3, the embryos were considered

type B. If [50 % anucleate fragments were present and/or

if less than four cells were present on day 3, the embryos

were classified type C. Embryos were selected for cryo-

preservation if they had reached 6–8 cells on day 3

(64–66 h) of in vitro culture, had symmetrical component

blastomeres devoid of multinucleation, and showed no

more than 10 % cytoplasmic fragmentation. The trans-

ferred embryos had at least 50 % intact blastomeres after

thawing. The number of embryos transferred in each case

depended on the number of previous treatments, the

number of embryos frozen in the same straw, and the

quality of available embryos.

Embryo transfer

Patients presented with a full bladder, which would provide

an acoustic window for the visualization of the uterus, in

preparation for the cavity measurements and ultrasound-

guided ET. All ETs were performed using Cook catheter

(Soft Pass, J-SPPE; Cook Ob/Gyn, Spencer, IN, USA),

while the ultrasonographer performed the abdominal

ultrasound using a 5-MHz probe (Sonoline, Adara, Sie-

mens). The tip of the catheter was loaded with the embryos

and was placed to a level of 1.0–2.0 cm below the apex of

the endometrial cavity as ascertained by transabdominal
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ultrasound. After embryo transfer, the patient will lie in bed

for 30 min. The three operators participating in this trial all

had similar results during the last 6 months (approximately

2,000 transfers).

Luteal supplementation

The luteal supplementation was administrated by vaginal

progesterone. Utrogestan� (Lab Besins Internat S.A., Paris,

France) was dosed 200 mg in the morning and 200 mg in

the evening from the day of embryo transfer for 14 days. If

the serum b-HCG was [30 IU/L 14 days after ET, the

patients were advised to continue the luteal support until

the 8–10th gestational week. In artificial cycle group, the

same dose of oestradiol was continued until the 8–10th

gestational week and then decreased step by step. In HMG

with vaginal oestradiol addition group, the vaginal oestra-

diol was decreased step by step from the assurance of

clinical pregnancy with the mature follicle ovulation,

whereas the vaginal oestradiol was decreased a third every

3 days step by step from the 8–10th gestational week

without the mature follicle ovulation.

Definition of clinical outcomes

The serum b-HCG [30 IU/L indicated the positive of

pregnancy test 14 days after ET. A clinical pregnancy was

defined as the observation of a gestational sac with foetal

heartbeat on ultrasound scanning between 4 and 5 weeks of

gestation after the positive pregnancy test. An ongoing

pregnancy was a pregnancy that reached a viable gesta-

tional age of C24 weeks. Implantation rate was defined as

the number of gestational sacs observed on ultrasound

compared with the number of embryos transferred. A

miscarriage was defined as the cessation or lack of detec-

tion of cardiac activity in the gestational sac or the inability

to detect a previously confirmed gestational sac until week

28 of gestation. The live birth rate was the number of live

births per embryo transfer cycle.

Hormone measurement and biochemical assays

Serum levels of FSH, LH, total testosterone (T), b-HCG,

dihydroepiandrosterone sulphate (DHEAS), 17-hydroxy-

progesterone (17-OHP), insulin and plasma glucose were

measured. Analyses were performed at the Department of

Clinical Laborator, The First People’s Hospital of Yunnan

Province. Serum FSH, LH, total T and b-HCG levels were

assessed by a chemiluminescent method using the Access�

hFSH kit, Access� hLH kit, Access� Testosterone Cali-

brators kit and Access� Total b-HCG kit, respectively

(Beckman Coulter, Inc., USA) with the UniCel Dxi 800

Access analyzer (Beckman Coulter, Inc., USA). The

sensitivity and the intra- and interassay coefficients of

variation were FSH 0.2 IU/L, 3.5 and 4.5 %, respectively;

LH 0.2 IU/L, 3.6 and 4.6 %, respectively. Total T 0.5 ng/

mL, 3.7 and 4.7 %, respectively, b-HCG 0.5 mIU/mL, 3.5

and 4.7 %, respectively. DHEAS and 17-OHP were online

extracted from serum and separated by reversed phase

chromatography and detected by tandem mass spectrome-

try. The sensitivity and the intra- and inter-assay coeffi-

cients of variation were DHEAS 35 nmol/L, 9 and 10 %,

respectively, and 17-OHP 0.4 nmol/L, 9 and 10 %,

respectively. Serum insulin was assayed using a competi-

tive chemiluminescent immunoassay performed on the

manufacturer’s DPC Immulite 2000 analyser (Euro/DPC).

The analytical sensitivity of the insulin assay was 2 lU/

mL, 3.8 and 4.4 % for insulin. Plasma glucose was mea-

sured on fluoride oxalate samples by a glucose oxidase

method on a Roche Modular clinical chemistry analyzer

with a between batch coefficient of variation of \2.5 %.

Urine LH was measured by semi-quantitative LH urine test

paper (Kunming Yunda biotechnology Co. Ltd.). It was

important that the samples collected were first morning

urine samples, because such samples result in optimal

uniformity and maximum concentration. The insulin

resistance index (HOMA-IR) was calculated using the

formula: HOMA-IR = fasting serum insulin (microunits

per millilitre) 9 fasting plasma glucose (micromoles per

litre)/22.5. Day 1 after the urine LH rise, the disappearance

of the mature follicle, a drop of oestradiol and concomitant

rise of progesterone[1.5 nmol/L confirmed the ovulation.

Statistical analysis

Continuous variables were tested for normal distribution

using the Kolmogorov–Smirnov test. Results of continuous

variables were given as means with standard deviations

(SDs) if normally distributed, and as medians with inter-

quartile ranges (IQR) if not normally distributed. Cate-

gorical variables were presented as percentages (%).

Statistical comparison was carried out by Student’s t test,

Mann–Whitney U test, one-way analysis of variance

(ANOVA), where appropriate. Chi-square test or Fisher’s

exact test for categorical variables, where appropriate.

Parameters in the different groups were initially assessed

by Chi-square analysis and analysis of variance with

Bonferroni’s post hoc test. P values are two sided, and

values \0.05 represent statistical significance. With the

number of patients included in our study and a power of

80 %, the study is able to demonstrate a difference in

pregnancy rate of about 15 % between both groups. A

multiple logistic regression was used to evaluate further the

association between cycle outcome and those factors that

might potentially influence outcome. The independent

factors studied were type of protocol, age, BMI, baseline
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serum FSH, Basal serum LH, serum total T, Serum

DHEAS, HOMA-IR, No. of oocytes retrieved, No. of

oocytes fertilized (2PN), endometrial thickness, No. of

embryos transferred. The model of logistic regression was

gained by a stepwise procedure, and specific interactions

between parameters of interest were also investigated.

Models were compared by the likelihood ratio test. The

statistical analysis was performed with the Statistical

Package for Social Sciences version 11.0 (SPSS, Chicago,

IL, USA). A P value of \0.05 was considered to indicate

statistical significant.

Results

Of the initial 638 women invited to participate, 576 women

satisfied the study criteria and were included in this ana-

lysis (Fig. 1). In the artificial cycle group, FET was can-

celled in 18 of 291 patients, 6 for the thin endometrium and

12 for the failure of the embryos to survive thawing. In the

HMG group, FET was not performed in 23 of 285 patients,

5 were due to the thin endometrium, 10 were due to pre-

mature LH surge or progesterone rise and 8 were due to the

failure of thawing. The cancelled cycle rate (exclude the

failure of embryos to survive thawing) between artificial

cycle and HMG cycle made a significant difference (2.2 vs.

5.4 %, P = 0.043). Overall, 273 artificial cycles and 262

HMG cycles were included in the final analysis of

implantation and pregnancy rate.

As demonstrated in Table 1, patients in the two groups

had similar demographic characteristics and fresh cycle

characteristics. Age in artificial and stimulated cycles

(30.51 ± 3.35 vs. 30.48 ± 3.34, P = 0.913) and BMI

(22.74 ± 2.09 vs. 22.58 ± 2.17, P = 0.357) were similar.

There were no significant differences between the two

groups in terms of the basal serum FSH, basal serum LH,

serum total T, serum DHEAS, serum 17-OHP, plasma

glucose, serum insulin, HOMA-IR value, glucose/insulin

ratio, number of retrieved oocytes and number of fertilized

oocytes (2PN) in the fresh cycles.

638 women were invited

62 women were excluded:
33 women: use of testicular sperm for ICSI
5 women: the use of (PGD)
10 women: Basal serum FSH≥≥12 IU/L
5 women: endometriosis of stage III or higher, 
6 women: hydrosalpinges 
3 women: body mass index(BMI)≥28 kg/m2

576 women were included

291 women were in artificial cycle group 285 women were in HMG group

203 women were 
used oral oestradiol
solely

70 women were used 
oral and additional 
vaginal oestradiol

188 women were 
administrated with 
HMG solely

56 women were
administrated with 
HMG and additional 
vaginal oestradiol

18 women were cancelled:
6 women: endometrial 
thickness was <7 mm
12 women: embryos did 
not survive thawing

23 women were cancelled:
5 women: endometrial 
thickness was <7 mm
10 women: a premature LH 
surge or progesterone rise
8 women: embryos did not 
survive thawing

18 women were 
administrated with 
HMG then switched to 
vaginal oestradiol

273 women made transfer finally

262 women made transfer finally

Fig. 1 Flowchart
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FET cycle outcomes between the two groups are pre-

sented in Table 2. Post-thawing embryo survival rate and

the number of transferred embryos were not significantly

different. Endometrial thickness on the day of progesterone

supplementation was similar (9.03 ± 1.65 vs. 9.12 ± 1.58,

P = 0.376). The two protocols resulted in clinical preg-

nancy rate (41.0 vs. 41.6 %, P = 0.892), ongoing preg-

nancy rate (36.6 vs. 34.7 %, P = 0.647), live birth rate

(30.0 vs. 31.7 %, P = 0.681), which were not statistically

different. Nevertheless, the cancelled cycle rate (exclude

the failure of embryos to survive thawing) made a signif-

icant difference (2.2 vs. 5.4 %, P = 0.043).

In artificial cycle, the baseline characteristics in these

subgroups were similar. The endometrial thickness in oral

and additional vaginal oestradiol group was significantly

lower than in oral oestradiol-alone group (9.75 ± 1.46 vs.

9.04 ± 1.35, P \ 0.01). However, the clinical pregnancy

rate (40.4 vs. 42.9 %, P = 0.718), ongoing pregnancy rate

(36.5 vs. 37.1 %, P = 0.918) and live birth rate (30.5 vs.

28.6 %, P = 0.756) were similar (Table 3).

Table 4 described the cycle outcomes in the stimulated

group. The differences did not reach the statistical signif-

icance in endometrial thickness, clinical pregnancy rate

(42.6 %, 41.1 %, and 33.3 %, P = 0.718, respectively),

ongoing pregnancy rate and live birth rate in HMG, HMG

added with vaginal oestradiol and HMG switch to vaginal

oestradiol group.

Figure 2 showed the association between the clinical

pregnancy rates and the endometrial thickness recorded

on the day of P supplementation. The lowest rates were

associated with endometrial thicknesses of 7 mm

(20 %) and [15 mm (0 %). Higher clinical pregnancy

rates were maintained at endometrial thicknesses

ranging from 9 to 14 mm. There was a significant

difference in the clinical pregnancy rate between FET

cycles with an endometrial thickness of 7–8 mm

(26.9 %) and those with an endometrial thickness of

9–10 mm (56.1 %; P \ 0.01) or 11–14 mm (51.2 %;

P \ 0.01). However, the clinical pregnancy rates in

cycles with 9–10 mm thickness and in those with

Table 1 Patients demographics

and fresh cycle characteristics

Data are given as mean ± SD

or median (25–75th %)

Artificial (n = 291) HMG (n = 285) P

Age (years) 30.51 ± 3.35 30.48 ± 3.34 0.913

BMI (kg/m2) 22.74 ± 2.09 22.58 ± 2.17 0.357

Basal serum FSH (IU/L) 5.67 (4.83–7.18) 5.78 (4.98–6.18) 0.670

Basal serum LH (IU/L) 7.45 (4.34–10.67) 7.19 (4.73–10.02) 0.819

Serum total T (nmol/L) 2.13 (1.29–2.79) 2.16 (1.33–2.85) 0.832

Serum DHEAS (nmol/L) 8,650.6 (5,481.0–11,404.5) 8,637.6 (5,493.7–11,419.2) 0.786

Serum 17-OHP (nmol/L) 2.12 (1.41–2.90) 2.23 (1.56–2.76) 0.854

Plasma glucose (mg/dL) 96 (91–105) 97 (88–103) 0.893

Serum insulin (lU/mL) 9.53 (6.32–15.54) 9.37 (6.13–15.64) 0.887

HOMA-IR 2.18 (1.45–3.60) 2.12 (1.39–3.64) 0.840

Glucose/insulin ratio 11.58 (7.23–14.24) 11.67 (7.73–14.79) 0.858

No. of oocytes retrieved 22.13 ± 6.58 22.58 ± 7.03 0.430

No. of oocytes fertilized (2PN) 17.14 ± 4.71 16.95 ± 5.03 0.652

Table 2 FET cycle

characteristics and outcomes

between the artificial and HMG

groups

a Statistical significant findings

(P \ 0.05)

Artificial cycle HMG cycle P

Post-thawing embryo survival rate (%) 96.1 (639/665) 96.3 (619/643) 0.867

No. of embryos transferred 2.34 ± 0.65 2.36 ± 0.63 0.690

Endometrial thickness (mm) 9.03 ± 1.65 9.12 ± 1.58 0.376

Positive HCG rate (%) 51.6 (141/273) 56.5 (148/262) 0.261

Clinical pregnancy rate (%) 41.0 (112/273) 41.6 (109/262) 0.892

Ongoing pregnancy rate (%) 36.6 (100/273) 34.7 (91/262) 0.647

Implantation rate (%) 25.7 (164/639) 23.4(145/619) 0.356

Miscarriage rate (%) 15.2(17/112) 17.4 (19/109) 0.650

Cancelled cycle rate (exclude the

failure of embryos to survive thawing) (%)

2.2 (6/279) 5.4 (15/277) 0.043a

Live birth rate (%) 30.0 (82/273) 31.7 (83/262) 0.681

Ectopic pregnancy rate (%) 7.1 (8/112) 8.3 (9/109) 0.756
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11–14 mm thickness were not different (56.1 vs.

51.2 %, P = 0.32).

In the logistic regression model, age, the number of

embryos transferred and endometrial thickness were sig-

nificantly associated with pregnancy outcome. Pregnancy

rate improved with increased endometrial thickness; the

estimated odds ratio (OR) for successful pregnancy with

each additional millimetre of endometrial thickness was

1.12 (95 % CI 1.05–1.2, P = 0.002). Age was negatively

associated with pregnancy outcome (95 % CI 0.93–0.99,

P = 0.016), while the number of embryos transferred was

positively associated with pregnancy outcome (Table 5).

The interactions between type of protocol and age

(v2 = 0.051, df = 1; P = 0.821), type of protocol and

BMI (v2 = 0.074, df = 1; P = 0.786), type of protocol

and baseline serum FSH (v2 = 0.037, df = 1; P = 0.834),

type of protocol and basal serum LH (v2 = 0.023, df = 1;

P = 0.898), type of protocol and serum total T

(v2 = 0.151, df = 1; P = 0.694), type of protocol and

serum DHEAS (v2 = 0.009, df = 1; P = 0.924), type of

protocol and HOMA-IR (v2 = 0.137, df = 1; P = 0.712),

type of protocol and No. of oocytes retrieved (v2 = 0.031,

df = 1; P = 0.873), type of protocol and No. of oocytes

fertilized (2PN) (v2 = 0.108, df = 1; P = 0.748), type of

protocol and endometrial thickness (v2 = 0.043, df = 1;

P = 0.847), type of protocol and the number of embryos

transferred (v2 = 0.165, df = 1; P = 0.676) were exam-

ined and tested by the likelihood ratio test. None of these

interactions was significant.

Discussion

The results of this research demonstrated the similar

implantation and pregnancy rates between artificial and

stimulated cycles for endometrial preparation prior to FET

in women with PCOS. There are many studies to research

which is the most effective policy in infertility patients, but

there are very few studies that aim at the PCOS patients

only. A recent meta-analysis showed that there were no

differences in the clinical pregnancy rate, ongoing preg-

nancy rate or live birth rate between the nature cycle,

modified natural cycle using hCG, artificial cycle and

artificial cycle supplemented with GnRHa in infertility

patients [12]. However, there is little consensus on the most

Table 3 Comparison of clinical

characteristics and outcomes of

FET cycles between the oral

estradiol alone and oral and

additional vaginal estradiol

groups

a Statistical significant findings

(P \ 0.05)

Oral estradiol (n = 203) Oral and additional

vaginal estradiol (n = 70)

P

Age (years) 30.56 ± 3.38 30.26 ± 3.44 0.526

BMI(kg/m2) 22.61 ± 2.08 22.88 ± 2.20 0.358

Endometrial thickness (mm) 9.75 ± 1.46 9.04 ± 1.35 0.026a

Clinical pregnancy rate (%) 40.4 (82/203) 42.9 (30/70) 0.718

Ongoing pregnancy rate (%) 36.5 (74/203) 37.1 (26/70) 0.918

Live birth rate (%) 30.5 (62/203) 28.6 (20/70) 0.756

Table 4 Comparison of clinical

characteristics and outcomes of

FET cycles between the HMG,

HMG-added vaginal oestradiol

and HMG switch to vaginal

oestradiol groups

HMG (n = 188) HMG added with

vaginal estradiol

(n = 56)

HMG switch to vaginal

estradiol (n = 18)

P

Age (years) 30.48 ± 3.56 30.30 ± 2.93 31.12 ± 2.97 0.669

BMI (kg/m2) 22.60 ± 2.25 22.48 ± 2.35 23.01 ± 2.20 0.685

Endometrial thickness (mm) 9.45 ± 1.57 9.34 ± 1.50 9.22 ± 2.16 0.796

Clinical pregnancy rate (%) 42.6 (80/188) 41.1 (23/56) 33.3 (6/18) 0.747

Ongoing pregnancy rate (%) 34.6 (65/188) 35.7 (20/56) 33.3 (6/18) 0.979

Live birth rate (%) 31.9 (60/188) 32.1 (18/56) 27.8 (5/18) 0.934
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Fig. 2 Clinical pregnancy rate according to endometrial thickness
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effective method of endometrium preparation prior to FET

in women with PCOS.

A conclusion is in agreement that pregnancies can be

achieved in women without ovarian function and that

oestradiol and progesterone are apparently the only hor-

mones that need to be provided to generate a receptive

endometrial environment [13]. Each of these stages is

associated with a specific sequence of hormonal signals

that travel through the circulation and stimulate the endo-

metrium to first proliferate and then transform to a recep-

tive state. Oestradiol priming results in endometrial

proliferation and induction of progesterone receptors in

most cases. Oestradiol and progesterone can be supple-

mented by exogenously administered or generated from the

developing follicle by induced ovulation. Based on the

theory above, PCOS patients characterized by chronic

anovulation [4] need to be performed to prepare the

endometrium prior to FET using the programmed cycle.

In artificial cycle, oestradiol and progesterone are given

in a sequential protocol which aims to mimick the endocrine

exposure of the endometrium in the normal cycle. In the

beginning, oestradiol is administered to cause proliferation

of the endometrium, while suppressing the development of

the dominant follicle. This is continued until the endome-

trial thickness is observed to be 7 mm or more, at which

time progesterone is added to initiate the transformation to

secretory. Sometimes, the artificial cycle is prepared within

GnRHa. A prospective randomized study found that endo-

metrial preparation with an artificial cycle using oestradiol

and progesterone alone is simpler, less expensive and more

convenient for patients, with similar pregnancy rates, when

compared with GnRHa-primed cycles [14].

If the endometrium fails to respond to a short course of

oral oestradiol valerate, the duration of stimulation should

be extended and the dose of oral oestradiol valerate should

be increased. If the endometrium had not reached a thick-

ness of 7 mm on day 14, patients were switched to vaginal

17-b oestradiol in addition to oral oestradiol valerate. The

greater efficiency of oestradiol delivery to the endometrium

after vaginal administration makes this route a good option

for patients who fail to achieve adequate endometrial

thickness with oral oestradiol administration [15]. A recent

study showed that vaginal oestradiol supplementation

improved implantation rates [16]. Furthermore, if a patient

failed to reach the thickness in HMG group, the vaginal

oestradiol was added to help developing the endometrium.

17-b oestradiol has increased bioavailability compared

with oestradiol valerate [17]. Vaginal administration of

oestradiol improves endometrial proliferation and uterine

perfusion compared with oral oestradiol, probably because

of combined local and systemic effects [18]. Tourgeman

et al. [6] reported that vaginal administration of oestradiol

produced 10-fold higher serum oestradiol levels and

70-fold higher endometrial oestradiol levels than those

achieved after equivalent doses administered by the oral

route. Evidence suggests that the administration of vaginal

oestradiol results in preferential absorption of oestradiol

into the endometrium, consistent with a ‘‘uterine first pass’’

effect [19]. Furthermore, if the vaginal route of oestradiol

administration is considered for artificial cycle, much lower

doses of the standard oral quantities should be used. Once

the uterus is prepared, the progesterone must be used to

compensate for the high tissue levels of oestradiol.

A phenomenon was noted that the endometrial thickness

in oral oestradiol group was significantly higher than in

oral and additional vaginal oestradiol group. The reason for

them to switch to additional vaginal oestradiol was their

thin endometrial thickness. There may be several reasons

needed to explore, such as some diseases in endometrium

or the poor response to exogenous oestradiol. Therefore, it

was reasonable to get the thinner endometrium in oral and

additional vaginal oestradiol group. However, the preg-

nancy rate was similar. We make the subdividing groups to

see the association between the clinical pregnancy rates

and the endometrial thickness recorded on the day of P

supplementation. The lowest rates were associated with

endometrial thicknesses of 7 mm (20 %) and [15 mm

(0 %). Higher clinical pregnancy rates were maintained at

endometrial thicknesses ranging from 9 to 14 mm. How-

ever, the clinical pregnancy rates in cycles with 9–10 mm

thickness and in those with 11–14 mm thickness were not

different (56.1 % vs. 51.2 %, P = 0.32). Numerous studies

have previously indicated that a thin endometrium (usually

\7 mm) is associated with implantation failure [20, 21].

Table 5 Results of the final

logistic regression model

a Wald statistic test. P \ 0.05

was considered statistically

significant
b OR (odds ratios) were

adjusted for other variables in

the equation

Variable Logistic regression

coefficient (B)

Pa Adjusted OR (95 % CI)b

Age -0.0354 0.0155 0.9612 (0.9343 ± 0.9889)

Number of embryos transferred

2 embryos compared to 1 1.2288 0.0023 3.5372 (1.6105 ± 7.7688)

3 embryos compared to 1 1.3471 0.0007 3.8984 (1.7915 ± 8.4834)

Endometrial thickness 0.1122 0.0016 1.1187 (1.0435 ± 1.1993)
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Mild ovarian stimulation is another choice to prime the

endometrium. In terms of FET, we try our best to mimick a

normal ovulatory cycle, endometrial development is con-

trolled by the hormonal secretions of the ovary, which

undergoes a series of predictable changes associated with

follicle development, ovulation, and transformation to a

corpus luteum. Based on the thesis described above, there

would be a corpus luteum of pregnancy to support the

further embryonic development. Nevertheless, patients in

the HMG group did receive supplemental transvaginal

progesterone to offset any potential for poor endogenous

luteal phase progesterone secretion.

In our study, the protocols of HMG alone, HMG added

with vaginal estradiol and HMG switching to vaginal

estradiol that achieved the similar clinical pregnancy rate,

ongoing pregnancy rate and live birth rate. Based on the

results, we could do the protocols more flexible. We may

change our protocols of endometrial preparation when the

process of using HMG alone went in a poor situation. We

could add vaginal estradiol to help developing the thin

endometrium. When the women who were using mild

ovarian stimulation with low-dose HMG failed to develop

the mature follicle or ovulation, in order to decrease the

cycle cancelled rate, we actually switched HMG cycle to

artificial cycle using vaginal estradiol to develop the

endometrium. In fact, we just need the hormones to react

and generate a receptive endometrial. In this regard, the

vaginal oestradiol for luteal supplementation was

decreased step by step from the 8–10th gestational week

because of the lack of corpus luteum. However, we

received the similar pregnancy rate.

A result was noted that the cancelled cycle rate in HMG

cycle was higher than the artificial cycle. There were 3.5 %

women in HMG group who cancelled the cycle because of

the premature LH surge or progesterone rise. The detri-

mental effect seems to be related to endometrial receptivity

impairment according to lack of detrimental effect on

oocytes competence [22]. A recent meta-analysis of over

60,000 cycles definitively shows that premature proges-

terone elevation has a detrimental effect on pregnancy rates

after in vitro fertilization [23].

Besides, there are a variety of drugs for mild ovulation

induction. Clomiphene citrate (CC) is a first-line drug for

ovulation induction in PCOS [24], but it is not the first and

appropriate choice for FET, probably because of its anti-

oestrogenic effects on the endometrium [25, 26]. HMG is

the conventional drug for ovulation induction in FET.

However, HMG may stimulate multiple follicle growth and

therefore increase the chances of OHSS. Recently, letroz-

ole, an aromatase inhibitor, has been widely used as a

potential ovulation induction agent for PCOS [27]. A pilot

study was reported that the letrozole stimulation group had

a significantly higher maximal endometrial thickness and

significantly higher rates of clinical pregnancy, ongoing

pregnancy and implantation, compared with the artificial

and HMG stimulation groups [28].

Multiple factors influence the success rate of FET cycle

[29]. Top quality embryo characteristics, endometrial

preparation protocol, number of embryos transferred and

BMI affected independently the LBR in FET. To control

for confounding variables, our research excluded women

with age C35 years, BMI C28 kg/m2 and so on. Age could

be a prediction of ongoing pregnancy in embryo transfer

[30]. Age was the significant factor on the clinical preg-

nancy rates [31]. It is also reported that women with higher

BMI have a lower chance of pregnancy rate, require higher

dose of gonadotrophins and have an increased miscarriage

rate [32]. There is insufficient evidence on the effect of

BMI on live birth, cycle cancellation, oocyte recovery and

ovarian hyperstimulation syndrome [33].

For successful implantation to occur and to continue to

progress to further embryonic development, the endome-

trium must be in the ‘‘window of implantation’’ [34, 35], a

synchronized dialogue between a receptive endometrium

and a functionally normal embryo. From proliferative to

secretory, in response to progesterone, the endometrium

undergoes profound conformational and biochemical

changes, with a concomitant induction of endometrial

receptivity and opening of the window of implantation [36,

37]. Adequate endometrial development can have a sig-

nificant impact on the outcome of FET with thinner

endometrium associated with lower implantation rate [38,

39]. Endometrial thickness alone is not predictive of

pregnancy or pregnancy outcome, it was found to be pos-

itively associated with pregnancy rates [40]. Furthermore,

the measurement of endometrial thickness may have suf-

ficient predictive value to be used alone as an indicator of

adequate oestradiol priming [41]. Hofmann et al. [41]

thought the threshold of endometrial thickness that was

reported as ‘‘adequate thickness’’, which generally means

more than 7 or 8 mm. Different studies chose the different

threshold of endometrial thickness [42–44]. We chose

7 mm as minimum thickness for the endometrium.

Based on the current literatures, it is not clear to show

which protocol would lead to a better pregnancy outcome

in FET [45]. In artificial cycles, progesterone may be added

at any time that is convenient once oestradiol stimulation

has resulted in an endometrial thickness C7 mm. The

drawback is the prolonged dual hormonal treatment

required in case of pregnancy. Conversely, stimulated

cycles require a more number of transvaginal ultrasound

examination, the urine LH analysis, a precise timing of

HCG administration, and subsequent FET, to avoid missing

the implantation window. Both the ectopic pregnancy rates

in our study were higher than the other studies reported.

The reasons for most of the patients were PCOS combined

Arch Gynecol Obstet (2015) 291:201–211 209

123



with tubal factor; many of them had laparoscopic opera-

tion. These reasons played a potential or apparent influ-

ence. This issue needs a further study.

However, the present study was a study with a small size

of the sample. It is better to do a large sample and multi-

centre randomized controlled trial.

In summary, similar clinical pregnancy rate, ongoing

pregnancy rate, live birth rate and implantation rate in

artificial and stimulated cycles for endometrial preparation

prior to FET had been demonstrated in this study. Mean

endometrial thickness was also equivalent between the two

protocols; however, stimulated cycles had a significantly

higher cancelled cycle rate. It was fine to add vaginal 17-b
oestradiol to stimulated cycle when necessary. Therefore,

ovulatory status, convenience (schedule and timing of

transfer) and the protocol used in last FET determine the

choice of protocol used for endometrial preparation in

present FET cycle. We should follow the principles of

individualization, securitization and optimization.
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