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Background: This retrospective study aimed to evaluate the predictive value of the follicular output rate (FORT) on the preg-
nancy outcome of patients with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization and embryo
transfer (IVF-ET).

Material/Methods: Between January 2012 and June 2016, a total of 1,541 patients with PCOS who underwent IVF-ET at our cen-
ter were enrolled in the study. FORT was calculated as the pre-ovulatory follicle count (PFC)/antral follicle count
(AFC)x100%.

Results: According to the FORT, patients were divided into low, medium, and high FORT groups. With an increase in the
FORT, the PFC and serum estradiol at the day of human chorionic gonadotropin (hCG) injection, the number
of retrieved oocytes, metaphase Il (MIl) oocytes, total number of embryos, and number of high-quality embry-
os significantly increased (P<0.05 and P<0.001) from the low to high FORT groups, while the AFC, gonadotro-
pin (Gn) stimulation day, and total Gn decreased significantly (P<0.001). The live birth rate from frozen embryo
transfer and the cumulative live birth rate was the lowest in middle FORT group but increased significantly in
high FORT group (P<0.05). The correlation analysis between FORT and related factors showed that the FORT
was negatively correlated with body mass index (BMI), Gn stimulation days, and total Gn (P<0.05).

Conclusions: FORT is a powerful tool for measuring ovarian reactivity. For patients with PCOS, a high FORT to obtain high-
quality embryos and perform frozen embryo transplantation can achieve good pregnancy outcome.
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Material and Methods

Controlled superovulation is essential in the implementation
of assisted reproductive technology. Optimization of the ovu-
lation program will ensure that the antral follicle will respond
appropriately to follicle-stimulating hormone (FSH). Also, the
use of high-quality oocytes is a prerequisite for a good preg-
nancy outcome [1]. Although the antral follicle count (AFC),
basal follicle stimulating hormone (FSH), and anti-Miillerian
hormone (AMH) have been used to predict ovarian reactivi-
ty [2-8], they have certain limitations.

Currently, no indicator can predict both the potential ovarian re-
sponse to ovulation and oocyte development [2-8]. Genro et al.
proposed the concept of the follicular output rate (FORT) [9]. In
2012, Gallot et al. studied the patients with regular menstru-
al cycles and found that the FORT could be a quantitative in-
dicator to reflect the potential for follicular development [10],
and showed that a higher FORT was associated with improved
pregnancy outcome. Also, Hassan et al. investigated patients
with unexplained infertility and showed that the number of
high-quality embryos and the clinical pregnancy rate increased
with increased FORT [11], and that FORT was an independent
variable affecting the outcome of pregnancy.

In patients with polycystic ovary syndrome (PCOS), the number
of follicles for in vitro fertilization and embryo transfer (IVF-ET)
and the ovulation process are prone to ovarian hyperactivity.
Although many oocytes could be retrieved, the quality of the
oocytes and embryos is often poor [12]. Therefore, it is not clear
whether FORT can predict follicular development potential and
pregnancy outcomes for patients with PCOS. An early study
showed that there was no difference in embryo implantation
rate and clinical pregnancy rate among low, middle, and high
FORT patients in 140 patients with PCOS, although the middle
FORT group had the highest 2 pronuclei (2PN) fertilization rate
and a good embryo rate, suggesting that middle FORT lead to
better outcomes from IVF and intracytoplasmic sperm injec-
tion (ICSI) [13]. However, the number of cases in this previous
study was small, and there have been no subsequent cumula-
tive pregnancy data to support its conclusions [13].

Therefore, this retrospective study aimed to evaluate the pre-
dictive value of the follicular output rate (FORT) on the preg-
nancy outcome of patients with polycystic ovary syndrome
(PCOS) undergoing in vitro fertilization and embryo transfer
(IVF-ET). It was hoped that the findings from this study might
provide insights into the treatment of ovarian hyperstimula-
tion for improved clinical outcome.

Patients studied

A retrospective study included a total of 1,541 patients with
polycystic ovary syndrome (PCOS) undergoing in vitro fertil-
ization and embryo transfer (IVF-ET). Study participants were
enrolled from January 2012 to June 2016 at the Reproductive
Medicine Center of the First Affiliated Hospital of Wenzhou
Medical University.

Study participants were included based on the diagnostic cri-
teria recommended by the 2004 European Society of Human
Reproduction and Embryology (ESHRE) and the American Society
of Reproductive Medicine (ASRM) consensus [14]. Women were
diagnosed with PCOS if they had two of the following three
conditions, oligo-ovulation or anovulation, clinical or biochemi-
cal signs of hyperandrogenism, and polycystic ovaries. Patients
with a history of ovarian surgery, or pelvic surgery within six
months before the study, or having significant impairment of
ovarian function due to radiotherapy or chemotherapy were
excluded. Also, patients with contraindications for treatment
with gonadotropin (Gn), endometriosis, adenomyosis, hydro-
salpinx, uterine cavity abnormalities, thyroid dysfunction, con-
genital adrenal hyperplasia, Cushing syndrome, or patients
with androgen-secreting tumors were excluded. Patients in-
cluded in the study were aged between 21-43 years, and the
duration of infertility was 2-15 years. All patients underwent
a standardized long agonist protocol. The Clinical Research
Ethics Committee of the First Affiliated Hospital of Wenzhou
Medical University (Approval No. 2017-209) approved the
study and written informed consent was obtained from all
study participants.

Treatment protocol of the superovulation program

All patients received a standardized pituitary down-regulation
protocol with the gonadotropin-releasing hormone (GnRH) ana-
log, decapeptyl (Ferring, Saint-Prex, Switzerland) at 5 days and
7 days after ovulation, or 14 days after the blended short-act-
ing oral contraceptive pill was offered. At 13-14 days after pi-
tuitary down-regulation, serum follicle-stimulating hormone
(FSH), luteinizing hormone (LH), estradiol (E,) and progester-
one (P) were measured using a chemiluminescence micropar-
ticle immunoassay with a Unicel DXI800 chemiluminescence
analyzer (Beckman Coulter, Brea, CA, USA) according to man-
ufacturer’s instructions. The antral follicle count (AFC) was as-
sessed by transvaginal ultrasound using a color Doppler ultra-
sound scanner (Polytron Technologies, Shenzhen, China). If E,
was <50 pg/ml, LH was <5 1U/L, FSH was <5 IU/L, and endome-
trial thickness was <5 mm, complete pituitary desensitization
was achieved. The initial Gn was administered with a recombi-
nant follicle stimulating hormone (rFSH), gonal F (Merck Serono,
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Geneva, Switzerland) or puregon (N.V. Organon, Molenstraat,
the Netherlands) at doses between 75-150 IU/day according
to the age, serum hormone levels and AFC, and body mass in-
dex (BMI) of patients. The Gn dose was adjusted according to
the number and development of follicles, endometrial thick-
ness, and serum hormone levels. 200-250 pg trigger of hu-
man chorionic gonadotropin (rhCG) ovidrel (Merck Serono,
Geneva, Switzerland) was given when the diameter of domi-
nant follicle was >18 mm, or the diameters of two dominant
follicles were >17 mm, or the diameters of three dominant fol-
licles were >16 mm.

Follicular output rate (FORT) calculation and patient
grouping

The antral follicle count (AFC) with a diameter of 3-10 mm
at baseline and the pre-ovulatory follicle count (PFC) with a
diameter of 16-22 mm on the day of hCG injection were re-
corded. FORT was calculated as PFC/AFCx100%. All patients
were divided into low, medium, and high groups according to
FORT tertile values.

Oocyte retrieval, transfer, luteal support, and selection of
high-quality embryos

Oocyte retrieval was performed 34-36 h after the adminis-
tration of hCG and oocytes were fertilized either by conven-
tional IVF or by intracytoplasmic sperm injection (ICSI) or by
half ICSI based on the semen condition, the couple’s history
and the guidelines of our center. Conventional IVF was usu-
ally performed for patients with female factors of infertility
(such as tubal factor or ovulation dysfunction). ICSI was usu-
ally performed for patients with a male factor of infertility,
such as severe oligospermia, teratospermia, azoospermia, or
cyclocephalospermia. Half the ICSI was usually performed for
Patients with primary infertility with normal semen when the
period of sterility exceeded five years. From the day of oocyte
retrieval, intramuscular progesterone (40-60 mg/day) (Xianju
Pharmaceuticals, Zhejiang, China) or crinone (90 mg/day) (Merck
Serono, Geneva, Switzerland) and dydrogesterone (20 mg/day)
(Abbott Labs, Abbott Park, Ill, USA) were administered as lute-
al support until 10 weeks after conception. Morphological ob-
servation and fresh-embryo transfer were performed 3 days
after oocyte retrieval. Embryos were assessed according to the
number of embryonic cells, embryo size, morphology, and the
percentage of fragmentation. Embryos with two prokaryotic
nuclei (2PN) sources, <0% debris, and 7-9 cells were judged
to be high-quality. If possible, 1-2 embryos were transferred,
and the remaining embryos were cryopreserved. If the patient
was found to be at high risk for ovarian hyperstimulation syn-
drome (OHSS), the transfer was cancelled, and all high-quality
embryos were cryopreserved for later transfer.
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Outcomes of pregnancy

Serum B-hCG was measured 2 weeks after embryo transfer,
and 28 days after embryo transfer, vaginal ultrasound exami-
nation was made using a Hi-Vision Preirus digital color ultra-
sonic scanner (Hitachi, Tokyo, Japan). Clinically, pregnancy was
defined as the presence of a gestational sac in the uterine cav-
ity 4 weeks after embryo transfer. Live birth rate was defined
as the delivery of any viable infant after embryo transfer. The
cumulative live birth rate was defined as the delivery of any
viable infant after the first embryo transfer and subsequent
frozen embryo transfer (FET).

Frozen embryo transfer (FET)

FET was performed if fresh embryo transfer failed. Serum FSH,
LH, E,, and P were assessed, and the endometrium was assessed
by transvaginal ultrasound scan 2-5 days after the menstrual
cycle. If these examinations were normal, oral estradiol valer-
ate (4-8 mg/day) (Delpharm, Lille, France) was administered
for endometrial preparation. Intramuscular progesterone (40
mg/day) or utrogestan (600 mg/day) and dydrogesterone (40
mg/day) (Laboratoires Besins International, Montrouge, France)
were administered when the endometrial thickness reached
8 mm, and E, was >200 pg/ml. FET and pregnancy outcome
were performed, as described above.

Calculation of cumulative live birth rate

The cumulative live birth rate was calculated as the number
of live births after fresh embryo transfer and FET cycles/num-
ber of cycles.

Statistical analysis

Power analysis was performed before study initiation to de-
termine sample size. Using an estimated cumulative live birth
rate 5% change in subsequent trial analysis, We determined
that a sample size of 1,500 patients (500 patients per group)
was necessary to achieve a power of 80% at an of 5%. Data
were expressed using the mean + standard deviation (SD)
and compared using the Student’s t-test, analysis of variance
(ANOVA) and Tukey’s post hoc test. The rate was compared us-
ing Pearson’s chi-squared (y?) test. Correlation between FORT
and other factors was analyzed using the Spearman correlation,
and the importance of different variables in multiple linear re-
gression was calculated. All statistical analysis was performed
using SPSS version 19.0 (IBM, Chicago, IL, USA). A P-value of
0.05 was considered as statistically significant.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€916175-3




CLINICAL RESEARCH

Yang H. et al.:
FORT and IVF-ET
© Med Sci Monit, 2020; 26: €916175

Table 1. Baseline characteristics and ovarian stimulation data in pregnant and non-pregnant women in 1060 fresh-embryo transfers.

Pregnant (n=669) Non-pregnant (n=391) P value

Age 29.64+3.78 29.38+3.44 0.255
| Duratienjofinferityieanl so7s252 4212262 0000
 Body mass index (BM) (kefm) 23174378 23374351 0756
CDay3ESHOUL) 676+1.63 6675152 0377
By ecsrdd ) 0 31154001 312402 0807
Antalfolidecount 25814853 26305023 0301
BeenkyEdecmE se6:268 se6:277 0997
CRetvetmees 237841299 235141298 0042
simlltenidls 12285341 1192:3.19 0120
Total follicle-stimulating hormone amount (lU) 173415487639 164107482399 0088

Z:;“(';g‘;‘:lt)'adwl on human chorienic gonadotrop 2833.60£1385.01 2797.06+1457.98 0.360
Cpreedesse 12758527 12358553 0246
Mioogte 1143:489 10875523 0076
Fettilizedoste. §38:403 7515414 0001
Fertilizationrate %) 738001771 701642050 0003
e e e 7614399 6761414 0001
B e e 4174295 3300273 0000
ol by 203021 197:028 0000

Results

Baseline status

The follicular output rate (FORT) on the pregnancy outcome
of 1541 women with polycystic ovary syndrome (PCOS) un-
dergoing in vitro fertilization and embryo transfer (IVF-ET).
There were 848 women who had primary infertility, and 693
women had secondary infertility. Routine IVF, intracytoplas-
mic sperm injection (ICSI), or combined IVF and ICSI treat-
ments were performed on 902, 435, and 204 cycles, respec-
tively. Fresh embryo transfer and frozen embryo transfer (FET)
were conducted in 1060 and 481 cycles, respectively. A total
of 610 patients underwent a total of 957 cycles of FET ther-
apy. One patient was transferred for six cycles, two patients
were transferred for five cycles, 14 patients were transferred
for four cycles, and 55 patients were transferred for three cy-
cles, 182 patients were transferred for two cycles, and the re-
maining 356 patients were transferred for one cycle.

Comparison of parameters between pregnancy and non-
pregnancy, and live births and non-live births after fresh
transfer cycles

Our results showed that the FORT was not significantly different
between 669 clinical and 391 non-pregnancy cycles. However,
the number of fertilized oocytes (8.38+4.03 vs. 7.51+4.14,
P<0.05), the fertilization rate (73.89+17.71 vs. 70.16+20.50,
P<0.05), the total number of embryos (7.61+3.99 vs. 6.67+4.14)
(P<0.001), the number of transferred embryos (2.03+0.21 vs.
1.97+0.28, P<0.001) and the number of high-quality embry-
05 (4.17+2.95 vs. 3.30+2.73, P<0.001) were significantly high-
er in clinical pregnancy group (Table 1). Similarly, no differ-
ence in FORT values was found between 545 live births and
515 non-live births.

However, the duration of infertility (3.86+2.44 vs. 4.27+2.67,
P<0.05), the number of metaphase Il (MIl) oocytes (11.59+4.87
vs. 10.82+5.15, P<0.05), fertilized oocytes (8.43+3.96 vs. 7.6
6+0.67, P<0.05), the total number of embryos (7.64+3.94
vs. 6.92+4.16, P<0.05), the number of high-quality embryos
(4.247+2.95 vs. 3.40+2.673, P<0.001) were significantly higher
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Table 2. Baseline characteristics and ovarian stimulation data in live birth and non-live birth women in 1060 fresh-embryo transfer.

Live birth(n=545)

Age 29.21+3.32 29.74+3.79 0.055
| Duratienjofinferityieanl 3861244 4278267 0000
 Body mass index (BM) (kefm) 23001058 23424369 0453
CDay3ESHOUL) 6815162 6654156 0106
By ecsrdd ) 0 31245824 31306884 0807
Antalfolidecount 26175859 26241875 0882
BeenkyEdecmE 574267 s62:268 0475
CRetvetmees 239341320 232041267 0423
simlltenidls 1225:339 12073320 0382
Total follicle-stimulating hormone amount (lU)  1707.33+857.11 169279486229 0784
Z:;“(';g‘;‘:lt)'adwl on human chorienic gonadotrop 2833.60£1385.01 2797.06+1457.98 0.550
Cpreedesse 12805522 12285551 0064
Mioogte 1150:487 1082:515 0012
Fettilizedoste. 8431396 766:419 0002
Fertilizationrate %) 734201783 715841089 0113
ek 7648394 692:416 0004
B e e 4288295 3400267 0000
ol by 2026021 199:027 0057

in patients giving live births than in patients giving non-live
births (Table 2).

Comparison of parameters among the FORT groups

The average FORT was 25.49. According to the FORT tertile
values, the patients were divided into high, medium and low
groups, with 516 low FORT cases with FORT values below the
33rd percentile, 529 medium FORT cases with FORT values be-
tween the 33 and the 67t percentile, and 498 high FORT cas-
es with FORT values above the 67th percentile.

Post hoc power analysis showed that the differences among
the groups were significant for AFC (P=0.00), PFC (P=0.00), se-
rum estradiol on the hCG day (P=0.00), MIl oocytes (P=0.00),
freeze-all rate (P=0.00, between low and high FORT groups for
stimulation days (P=0.04), total FSH dose (P=0.00), between
low and middle or middle and high FORT groups for fertil-
ized oocytes (P=0.000, P=0.002), retrieved oocytes (P=0.00,
P=0.01), total number of embryos (P=0.000, P=0.002), num-
ber of excellent quality embryos (P=0.000, P=0.01), live birth
rate of frozen- embryos transfer (P=0.029, P=0.004), and

between middle and high FORT groups in cumulative live
birth rate (P=0.006).

We found that with the increase of FORT, PFC, serum E, at the
day of hCG injection, the number of retrieved oocytes, Mll oo-
cytes, the total number of embryos, the number of high-qual-
ity embryos, embryo-frozen rate and the number of subse-
quent FET cycles increased significantly (P<0.001), while AFC,
Gn stimulation days and total Gn amount decreased signifi-
cantly (P<0.001) in the three groups (Table 3). However, the
clinical pregnancy rate and the live birth rate of the new trans-
plant cycles did not increase with the increase of these param-
eters, such as the number of high-quality embryos. The preg-
nancy loss rate was the highest, and the live birth rate was
the lowest in the high FORT group, although the differences
were not significant among the groups. The clinical pregnan-
cy rate in high FORT group following subsequent FET was sim-
ilar to those in the other groups, but the pregnancy loss rate
was the lowest, leading to the higher live birth rates and the
highest cumulative live birth rates as compared to the other
two groups (P<0.001).
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Table 3. Baseline characteristics, ovarian stimulation data and IVF/ICSI outcomes in the low, medium and high FORT groups.

Low FORT (n=516) Medium FORT (n=529) High FORT (n=496) P-value
Age 29.33+3.57 29.38+3.45 29.39+3.67 0.799
Duration of infertility (year) 3.99+2.53 3.84+2.44 3.99+2.62 0.969
Body mass index (kg/m?) 23.06+3.50 23.34+3.74 22.36+3.34 0.080
Day 3 follicle-stimulating hormone 6.66+1.57 6.59+1.56 6.64+1.61 0.837
(Iu/L)
Day 3 oestradiol (pg/ml) 31.08+8.19 31.10+8.14 30.96+8.09 0.689
Antral follicle count 31.63+£10.05% 26.95+8.30%° 22.70+6.86 0.000
Pre-ovulatory follicle count 3.79+1.51% 6.12+1.96 9.30+3.06 0.000
Stimulation days 12.3443.39 12.07+3.09 11.78+2.83¢ 0.047
Total follicle-stimulating hormone 1660.98+811.07 1654.124835.76 1562.72+684.88¢ 0.000
amount (IU)
serum oestradiol on human 2981.59+1793.93% 3421.6241841.81% 4036.08+1984.99< 0.000
chorionic gonadotrop day (pg/ml)
Retrieved oocyte 14.31+7.41 14.98+7.60° 16.58+7.37< 0.000
MII oocyte 12.53+6.67° 13.46+7.09%° 14.96+6.85 0.000
Fertilized oocyte 9.01+5.28 9.66+5.55° 10.71+5.55¢« 0.000
Fertilization rate (%) 72.05+19.17 71.97+19.01 72.01+18.98 0.921
Total number of embryos 8.31+5.35 8.91+5.46° 9.97+5.56 0.000
Number of high quality embryos 4.61+3.91 4.84+3.69° 5.47+4.04¢ 0.000
Number of transferred embryos in 2.0140.28 2.01+0.22 2.00+0.21 0.879
fresh- embryo cycle
Clinical pregnancy rate of fresh-

65.44 (267/408) 64.07 (230/359) 64.29 (189/294) 0.379
embryo transfer (%)
Pregnancy loss rate of fresh-embryo 5 10 (51/547) 16,52 (38/230) 21.16  (40/189) 0.229
transfer (%)
DL AR Gl s 51.96 (212/408) 5265 (189/359) 4932 (145/294) 0.179
transfer (%)
Freeze-all rate (%) 20.93 (108/516)= 32.14 (170/529)% 40.73 (202/496) 0.000
Number of frozen embryo transfer 276 311 370 _
cycle
Clinical pregnancy rate of frozen-

1 2 2. 162/311 11 (21 14

embryo transfer (%) 56.88 (157/276) 52.09 (162/311) 58 (215/370) 0.149
Pregnancy loss rate of frozen-

19.11 1 19.14 1/162 11 24/211 4
embryos transfer (%) 9 (30/157) 9 (31/162) 37 (24/211) 0.459
Live birth rate of frozen-embryo 43.48 (120/276) 40.84 (127/311) 51.35  (190/370)° 0.016
transfer (%)
Cumulative live birth rate (%) 64.34 (332/516) 59.74 (316/529)° 67.68 (335/496) 0.032

2 and # denotes P<0.05 or <0.001 between low and middle FORT groups; ° and ® denotes P<0.05 or <0.001 between middle and high
FORT groups; ¢ and < denotes P<0.05 or <0.001 between low and high FORT groups.
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Table 4. Univariate analysis of factors associated with FORT.

CLINICAL RESEARCH

Spearman correlation coefficient P value

Total follicle-stimulating hormone amount

Correlation between the FORT and related factors

Spearman correlation analysis showed that there was no corre-
lation between FORT and age, basal FSH, or basal E,. However,
FORT was negatively correlated with BMI (r=-0.80, P<0.05),
total Gn (r=—0.50, P<0.05) and Gn stimulation day (r=—0.067,
P<0.05) (Table 4).

Discussion

The findings from this study showed that the numbers of re-
trieved oocytes, metaphase Il (MIl) oocytes, high-quality em-
bryos, pre-ovulatory follicle count (PFC), and estradiol (E,) on
the day of human chorionic gonadotropin (hCG) injection in-
creased significantly and progressively with the increase in the
follicular output rate (FORT). This finding is consistent with
the results previously reported in non-PCOS patients [10,11],
but different from the results obtained with patients with
PCOS [13]. It was found that in patients with PCOS, PFC and
retrieved oocytes, but not fertilization rate and the number
of high-quality embryos, increased correspondingly with the
increase of FORT, which was the highest in medium FORT
group [13]. Also, we did not find any difference in fertilization
rate between the three groups. This finding is consistent with
the earlier results in non-PCOS patients [10,13], but is differ-
ent from other studies in patients with PCOS [11,13]. The dif-
ference between our results and other studies may be due to
the difference in the study populations and the number of cas-
es investigated. Despite these inconsistencies, these results
showed that the FORT is a predictor for ovarian response to
follicle-stimulating hormone (FSH), oocyte development po-
tential, and embryo quality.

The results from the present study showed that in the lowest
FORT group, antral follicle count (AFC), gonadotropin (Gn) stim-
ulation days and total Gn were the highest, and were signifi-
cantly higher than other two groups. Zhang et al. also found
the highest AFC, Gn stimulation days but not total Gn in the
low FORT group [15]. Gallon et al. and Hassan et al. showed

that AFC was also the highest in the low FORT group, but there
was no difference in Gn stimulation days and total Gn [10,11].
Even though more Gn and longer Gn duration were used to
promote ovulation, the final PFC, E, on the day of hCG injec-
tion, the number of retrieved oocytes, MIl oocytes, the total
number of embryos and the number of high-quality embryos
were far lower in the low FORT group than in the high FORT
group. As for the difference between patients with PCOS and
non-PCOS patients, we speculate that there may be several
unknown differences except for the difference in the quantity
of the follicles between PCOS and non-PCOS patients. For ex-
ample, it has been shown that ovarian IGF system in patients
with PCOS is abnormal [15], which may affect the production
of follicles in superovulation therapy. Liu et al. found that in
patients with PCOS, ANGPTL1, and ANGPTL2 mRNA were ex-
pressed abnormally in cumulus [16], leading to reduced oo-
cyte quality and decreased development potential. Therefore,
an increased number of antral follicles in patients with PCOS
may result in more reduced response to FSH, leading to less
PFC, lower fertilization rate, lower number of high-quality
embryos and the total number of embryos despite more and
more prolonged Gn treatment. It is also possible that due to
a higher number of antral follicles in patients with PCOS, they
are more likely to have ovarian hyperstimulation syndrome
(OHSS) when ovulation is stimulated, and it is not suitable to
use a high trigger dose of Gn. As a result, the optimal time
for the recruitment and development of follicles might have
missed, ultimately leading to reduced follicular reactivity, few-
er retrieved oocytes, fewer mature oocytes, and fewer high-
quality embryos.

In the present study, the number of subsequent frozen embryo
transfer (FET) cycles were the highest in the high FORT group.
The average FORT of patients with PCOS was much lower than
that of non-PCOS patients, but because of large number of an-
tral follicles, high FORT also increased the number of oocytes
with an increased risk of ovarian hyperstimulation syndrome
(OHSS), resulting in a higher rate of freeze-all and a more sig-
nificant number of subsequent FET cycles. Although the num-
ber of high-quality embryos increased with FORT, the clinical
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pregnancy rate and live birth rate of new transplant cycle did
not increase significantly with the increase of FORT, the abor-
tion rate was the highest in high FORT group, resulting in the
lowest live birth rate in the group. Our study also shows that
there is no difference in FORT values between pregnant and
non-pregnant patients and between patients giving live and
non-live births during the new transfer cycles. This finding was
different from the results obtained in non-PCOS patients but
was similar to those obtained in patients with PCOS, where pa-
tients with medium FORT had the best pregnancy outcome [15].

The reason for the different results in patients with PCOS and
non-PCOS patients may be because of differences in the en-
dometrium. Huang et al. found that serum factor X (FX) of pa-
tients with PCOS significantly increased at the day of hCG in-
jection and the embryo transfer day, serum factor VIII (FVIII)
level significantly reduced at embryo transfer day, and hyper-
coagulability during the peri-implantation period resulted in
poor microcirculation in the endometrium [17]. For the high
FORT patients with PCOS, they had the highest levels of E, on
the day of hCG injection, which had most significant impact
on the endometrium. As a result, the pregnancy outcome is
not as good as expected after fresh embryo transfer. The best
cumulative live birth rate also confirms this, following subse-
quent FET treatment in high FORT patients, a result that is con-
sistent with the earlier study [18]. Therefore, the adverse ef-
fects of high E, on the endometrium in the high FORT group
are eliminated during FET, leading to the lowest abortion rate
and highest live birth rate and consequently the best preg-
nancy outcome in the high FORT group.

The correlation analysis showed that the FORT does not corre-
late with age, basal FSH and E, negatively correlated with BMI,
AFC, Gn stimulation days and total Gn, and positively correlat-
ed with PFC, suggesting that the FORT was a relatively inde-
pendent indicator. FORT in combination with AFC could have
a stable and independent assessment of ovarian functional re-
serve and the prediction of IVF-ET outcome. This finding also
suggests that AFC does not lose its response to FSH sith in-
creased age [19]. Unfortunately, this study did not analyze the
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correlation between FORT and anti-Miillerian hormone (AMH).
Additionally, we showed that the FORT was negatively correlat-
ed with body mass index (BMI), which is consistent with ear-
lier work [20]. They believed that leptin inhibits the synthesis
and stimulation of granulocyte steroid hormone in obese pa-
tients, and obesity could be an independent factor that neg-
atively affects IVF-ET [20].

This study had several limitations. As a retrospective study, there
may have been some changes in the antral follicular count and
follicular size on hCG day as assessed by different physicians.
Superovulation was performed by different physicians, lead-
ing to different medications. Also, because PCOS is a high-re-
sponsive population, if it is unclear whether the Gn dosage and
duration were controlled, this may have an impact on the out-
come. Nevertheless, we calculated the cumulative pregnancy
rate, which can reflect the utilization rate of eggs and embryos
in each cycle. The findings from this study provide a relative-
ly more objective evaluation of treatment outcome of IVF-ET.

Conclusions

This retrospective study aimed to evaluate the predictive val-
ue of the follicular output rate (FORT) on the pregnancy out-
come of patients with polycystic ovary syndrome (PCOS) un-
dergoing in vitro fertilization and embryo transfer (IVF-ET). The
findings showed that FORT is a powerful tool for measuring
ovarian reactivity. For patients with PCOS, a high FORT to ob-
tain high-quality embryos and perform frozen embryo trans-
plantation can achieve good pregnancy outcome. However,
for patients with PCOS, due to an increased number of antral
follicles, FORT should not be too high, so that ovarian hyper-
stimulation syndrome (OHSS) can be avoided. However, the
FORT should be as high as possible to obtain the best preg-
nancy outcome following IVF-ET.
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