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hyperstimulation syndrome (OHSS) in women undergoing
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Background: Ovarian hyperstimulation syndrome (OHSS) is a severe disease that can lead to serious
complication. Letrozole has been applied during controlled ovarian hyperstimulation (COH) to reduce
the rate of OHSS in women undergoing long-term Gonadotropin-releasing Hormone Analog (GnRHa)
treatment for assisted fertility. Prednisone can prevent vasodilatation and increased vascular permeability,
which is common during OHSS. However, few studies have evaluated the combined effect of letrozole
and prednisone in preventing severe OHSS and is the aim of our retrospective study of patients receiving
GnRHa treatment.

Methods: A total of 296 women who accepted autologous in vitro fertilization (IVF) or intracytoplasmic
sperm injection (ICSI) treatments were included in this retrospective study. There were three groups: 146
women had letrozole, including letrozole alone (LE group, n=60) and letrozole with prednisone (LE + Pre
group, n=86), and 150 women had no treatment (C group). Severe OHSS was diagnosed according to clinical
evidence of hydrothorax, severe dyspnea, oliguria/anuria, and intractable nausea/vomiting.

Results: The addition of prednisone to letrozole successfully reduced the occurrence rate of severe
OHSS than those women administered letrozole alone (55.0% wvs. 70.6%, P=0.022). However, the ongoing
pregnancy rate was lower in the LE + Pre group than that in the LE-alone group (64.3% vs. 87.0%,
P=0.025). Surprisingly, progesterone level on the trigger day (>0.895 ng/mL) is a strong predictor for
pregnancy failure with a specificity of 68.3% and sensitivity of 65.7% in the LE-alone group.
Conclusions: Treatment with a combination of letrozole and prednisone may lower the rate of severe
OHSS in women with prolonged gonadotropin-releasing hormone agonist protocol during assisted fertility
treatment. When the progesterone level on trigger day is over 0.895 ng/mL, letrozole treatment may

negatively affect clinical pregnancy.
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Introduction

Gonadotrophin-releasing hormone agonists (GnRHa) are
generally used in assisted reproduction technology (ART)
cycles to prevent luteinizing (LH) surge during controlled
ovarian hyperstimulation (COH) prior to planned oocyte
extraction (1). Diverse GnRHa protocols are created to
ameliorate clinical results (1). A few studies show evidence of
higher clinical pregnancy rates the long protocol group (1).
Long protocol: GnRHa is administered from either the
second day of the menstrual cycle (long follicular protocol)
or the mid-luteal phase (21st day) of the previous cycle
(long luteal protocol), sustaining at least two weeks before
starting stimulation (to achieve the purpose of inhibiting
ovarian activity) and continued up until human chorionic
gonadotropin (hCG) is given. Short protocol: GnRHa is
administered from the first or second day of the menstrual
cycle to the day of hCG administration (1). Comparing long
GnRHa protocols and short GnRHa protocols, there is no
conclusive evidence of a difference in ongoing pregnancy
rates and live births. In addition, prolonged pituitary down-
regulation in the early follicular phase can work with effect
as in the mid-luteal phase in fresh IVF/ICSI-ET cycles (2).
Ovarian hyperstimulation syndrome (OHSS) is still a
frustrating iatrogenic syndrome occurring during COH.
It can cause cystic enlargement of the ovary, increased
capillary permeability, and fluid accumulation in the
interstitial space, resulting in peritoneal and pleural effusion
and is accompanied by local or systemic edema (3). The
incidence of severe OHSS ranges from 0.1% to 2%, while
moderate OHSS has been reported in the range of 3% to
7% (4). Although the exact mechanism of OHSS is unclear,
several systems and mediators are thought to play a role in
the pathophysiological processes of OHSS such as ovarian
renin—angiotensin system, prostaglandins, histamines,
cytokines, vascular Endothelial Growth Factor (VEGF),
pigment epithelium-derived factor (PEDF). Various
modified protocols are used to reduce the occurrence rate
of OHSS, such as Gonadotrophin-releasing hormone
antagonist (GnRH-Ant) protocol (5), GnRH agonist
(GnRHa) trigger (6) or ‘freeze-all’ programs (7), and
coasting (withholding gonadotrophins) (3). Administering
medication is another strategy to reduce the occurrence rate
of OHSS, and these medications include metformin (8,9),
clomiphene citrate (10), cabergoline or quinagolide (11),
vascular endothelial growth factor (12) albumin (13),
progesterone (14), and letrozole (15) amongst others.
Letrozole is a new generation of an aromatase inhibitors,
which is a synthetic benzyl triazole derivative. It can reduce
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estrogen by inhibiting aromatase from eliminating the
stimulating effect of estrogen by administration before the
day of hCG or during the luteal phase. The administration
of 2.5 mg of letrozole during the luteal phase impacts corpus
luteum (CL) function and thus lowers the occurrence
rate of OHSS by reducing the potential risk that high E,
levels pose (16). In PCOS patients with fairly high Anti-
Miillerian Hormone (AMH) levels, GnRH-Ant protocols
co-administration with letrozole starting from day 3 to day 7
of the menstrual cycle reduces the incidence of OHSS, than
in conventional GnRH-Ant protocols (14). Qingyun Mai’
study demonstrated that letrozole showed more positive
effect on the prevention of moderate and severe early-onset
OHSS than aspirin in women with high risk (17).

Glucocorticoids (GCs) are applied in clinical cases to
reduce the risk of OHSS. It is controversial whether the
addition of GCs makes sense in IVF/ICSI treatments.
Lainas et 4l. indicated that methylprednisolone play a
role in preventing severe OHSS in patients with in vitro
fertilization (IVF) (18). However, Mohammadi Yeganeh’s
study (19) found no benefit for the routine use of GCs
in IVE/ICSI treatments. Prednisone is a kind of anti-
inflammatory and anti-allergic glucocorticoid, which can
reduce the capillary permeability and inflammation effusion,
inhibit the proliferation of connective tissue and release
substances such as histamine.

Both variant protocols and variant populations will lead
to variant results. It has been reported that treatment with
7.5 mg letrozole on trigger day was useful in limiting OHSS
in patients at high risk of OHSS undergoing whole embryo
frozen transfer (20). In another study, 2.5 mg of letrozole
may reduce the incidence of OHSS by decreasing serum E,
levels during the luteal phase (21). However, letrozole might
affect endometrium receptivity and further influence clinical
outcomes. To date, few studies have investigated whether
the combined application of letrozole and prednisone can
decrease the risk of OHSS. This study evaluated whether
the addition of letrozole and prednisone plays a positive role
in preventing severe OHSS in the prolonged gonadotropin-
releasing hormone agonist protocol in the early follicular
phase. We present the following article in accordance with
the STARD reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1699).

Methods
Study design

All procedures performed in this study involving human
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Figure 1 Study protocol. Original 296 women enrolled on the start of study, Letrozole administered as LE group (N=86), prednisone along

with letrozole orally as LE + Pre group (N=60). Neither letrozole nor prednisone taken as C group (N=150). Total five lost to followed-up.

participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by
the Medical Ethics Committee of the Second Affiliated
Hospital of Wenzhou Medical University (2021-k-48-02)
and informed consent was taken from all the patients.

This retrospective clinical study included 296 cases
undergoing IVF or intracytoplasmic sperm injection
(ICSI) cycles in the Reproductive Center and Department
of Obstetrics and Gynecology of The Second Affiliated
Hospital and Yuying Children’s Hospital of Wenzhou
Medical University from March 1, 2018, to October 31,
2018. Inclusion criteria for this retrospective study were:
women treated with prolonged gonadotropin-releasing
hormone agonist protocol in the early follicular phase used
for ovarian stimulation, aged 20-40 years, both ovaries
intact, and normal renal, liver, and hematological indices.
No participant had received interventional medication
or surgery within the three months before recruitment.
Exclusion criteria were: moderate/severe endometriosis,
poor or high response to or more than two previous cycles
of IVF treatment, and concomitant use of medication that
could interfere with the absorption and metabolism of the
letrozole. According to the administration of letrozole or
prednisone, women were divided into a C group (N=150), an
LE group (N=86), and a LE + Pre group (N=60). In the LE
group, patients had given letrozole 2.5 mg per day for two
or three days when the level of E, was up to 4,000 pg/mL
during ovarian stimulation and stopped before the day
of oocyte retrieval. In the LE + Pre group, patients were
given prednisone when administered letrozole, according
to guidelines based on a clinical picture, drug company
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recommendations and the treating physician’s discretion.
The patient flow diagram was shown in Figure 1.

Clinical protocols

The 296 women in this study underwent the prolonged
gonadotropin-releasing hormone agonist protocol as
follows. A single full-dose injection of 3.75 mg GnRHa
(Triptorelin, Ferring, Kiel, Germany) was administered on
day 3 to day 5 of menstruation. Ovarian stimulation with
gonadotropin began 30-38 days later. When no antral
follicles larger than 5 mm, E, concentration less than
50 pg/mL, serum LH levels less than 5 U/L and
endometrium thickness less than 5 mm, it is confirmed
that successful pituitary down-regulation was achieved.
COH with recombinant follicle-stimulating hormone
(FSH) (Gonal-F, Merck Serono, Aubonne, Switzerland)
was started at one to three ampules (75-225 IU), and the
dose administered was determined using antral follicular
count (AFC), body mass index (BMI), basal FSH level, as
well as the previous ovarian response of patients. Serum
E,, LH, and progesterone (P) levels were quantified to
estimate ovarian response. At the late stage of follicular
growth when the LH level was <0.2 U/L, recombinant
LH (r-LH) (recombinant-LH, Merck Serono, Aubonne,
Switzerland) was added. The development of follicles
was monitored by transvaginal ultrasound. When the
two lead follicles reached a mean diameter of at least
18 mm, one dose of 4,000-10,000 U hCG (Livzon,
Guangdong, China) trigger was administered for final
oocyte maturation with retrieval occurring 36-37 h
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later using vaginal ultrasound guidance. Luteal phase
support was backed up by 200 mg orally micronized
progesterone (Utrogestan, Capsugel, Besins Manufacturing
Belgium, Bruxelles, Belgium), administrated twice daily,
and progesterone vaginal gel prolonged-release (Crinone,
Merck Serono, Hertfordshire, United Kingdom), 90 mg
daily from the day after oocyte retrieval. Serum B-hCG
confirmation was performed 14 days after blastocyst
transfer. The occurrence rate of severe OHSS was defined
as an ovary diameter larger than 12 c¢m, massive ascites,
hydrothorax, and/or pericardial effusion (4). Clinical
pregnancy was defined as a pulsating pouch on transvaginal
ultrasound at 4-5 weeks after embryo transfer. Implantation
rate was calculated as the ratio of the number of gestational
sacs (s) to the number of fresh embryos transferred. Early
abortion was defined as a clinical pregnancy failing to reach
week 12 of gestation. Ongoing pregnancy was defined as a
clinical pregnancy that continued past week 12 of gestation.

Laboratory protocols

At 4-6 h after oocyte exaction, oocytes were fertilized
by IVF or ICSI. Embryos were cultured at 37 °C under
a humidified mixture of 6% CO,, 8% O,, and 89% N,.
Embryo score was performed as described in Alpha
Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology. Briefly, normal fertilization
was confirmed by the presence of two prokaryotes and two
polar bodies at 16-18 hours after fertilization. Cleavage-
stage embryo score depended on the number of blastomeres,
blastomere size, and the proportion of fragments. The
blastocyst score included the stage of expansion of the
blastocyst cavity, blastocyst density, number of cell masses
in the blastocyst, cohesion and regularity of trophoblastic
layer (Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology, 2011).
Under abdominal ultrasound guidance, the blastocyst was
transferred on the fifth day of the incubation.

Statistical analysis

Data statistical analysis was performed using SPSS version
24.0 software. Continuous numerical variables were
presented as the mean = standard deviation (SD). Categorical
variables were presented as percentages. ANOVA was used
to compare the differences between continuous numerical
variables, and a chi-squared test was performed to compare
the differences between categorical variables. Receiver
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operator characteristic (ROC) curve analyses were used to
show the ability of progesterone level on a trigger day to
predict failure to reach clinical pregnancy. P values <0.05
were considered statistically significant.

Results
Demographic and cycle characteristics

The comparison of demographic and cycle characteristics
between the three groups is displayed in 7able 1. 296 cycles
were included in the study: 150 cycles in the C group,
86 cycles in the LE group, and 60 cycles in the LE + Pre
group. One cycle in the LE group and four cycles in the C
group were lost to follow up. Data from 146 cycles in the C
group, 85 cycles in the LE group, and 60 cycles in the LE +
Pre group were analyzed, covering 291 cycles. There were
no differences in BMI and baseline LH among three groups.
Women in the C group had significantly less baseline AFC
than those from the LE group (P<0.001) and the LE + Pre
group (P<0.001). Though significant differences were found
in age between the three groups, the pairwise comparison
showed no difference. Baseline FSH was lower in the LE
group than the LE + Pre group (P=0.011). After down-
regulation, all FSH, LH, P, and E, levels and endometrial
thickness were similar between the three groups (P>0.05).
However, the number of follicles was significantly different
between the three groups (P<0.001). During the ovarian
stimulation, the preliminary gonadotropin dose was similar
between the three groups (P=0.151); however, the maximum
daily gonadotropin dose (P=0.008), the total amount of
gonadotropin (P=0.001), and the gonadotropin duration
(P=0.011) were significantly different among the three
groups. No difference was found in the total amount of
gonadotropin and gonadotropin duration between the LE
group and the LE + Pre group, while the maximum daily
gonadotropin dose was higher in the LE + Pre group than
the LE group (P=0.034). On the trigger day, a significant
difference was found between three groups in LH (P=0.020)
and E, (P<0.001), while no difference was found between
each pairwise comparison. There was no difference between
the three groups in E,/oocyte (P=0.329) and P/E, (P=0.319).
The dose of hCG to induce the trigger was significantly
lower in the LE group than in the LE + Pre group based on
the treating physician’s dose protocol (P=0.004).

Oocytes, embryos, and clinical outcome

The comparison of oocytes, embryos, and clinical outcomes
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Table 1 The comparison of demographic and cycle characteristics between three groups
Characteristics C group LE group LE + Pre group P value
Age (years) 31.38+4.31 30.20+4.06 29.85+4.54 0.028
BMI 21.91+4.24 20.40+2.72 19.66+2.41 0.602
AFC 1.86+1.17 17.21+7.14* 16.73+5.03* <0.001
Baseline FSH (U/L) 6.81+5.56 5.79+2.43" 7.63+3.60 0.015
Baseline LH (U/L) 7.31+3.90 6.66+3.87 7.13+6.98 0.825
On gonadotropin starting day
LH (U/L) 0.89+4.32 0.57+0.39 0.79+3.11 0.758
E, (pg/mL) 24.74+15.06 23.16+11.29* 24.08+11.74* 0.720
P (ng/mL) 0.46+0.19 0.47+0.27 0.48+0.24 0.923
FSH (U/L) 2.88+1.59 2.72+1.57 3.31+2.53 0.293
The number of follicles 3.26+2.77 20.52+8.96" 19.90+7.41* <0.001
Endometrial thickness 2.98+1.25 2.79+1.16 2.66+0.86 0.166
During the stimulation
Preliminary gonadotropin dose 175.28+52.80 177.76+60.04 191.68+55.83 0.151
Maximum daily gonadotropin dose 242.723+61.99 214.68+70.61*" 240.21+49.95 0.008
Gonadotropin duration 12.27+3.43 11.29+2.35* 11.17£2.23* 0.011
Total amount of gonadotropin 2,534.44+1,041.27 2,059.53+797.94* 2,368.75+834.81 0.001
On the trigger day
LH (U/L) 0.62+0.55 0.82+0.52* 0.70+0.43 0.020
E, (pg/mL) 2,043.44+1,307.26 4,077.31+1,676.32* 3,743.40+1,218.33* <0.001
P (ng/mL) 1.21+£5.13 1.00+0.47 1.09+0.38 0.908
E,/oocyte ratio (pg/mL/oocyte) 146.44+66.98 158.73+64.20 157.02+69.25 0.329
P/E, 1.65+10.65 0.30+0.22 0.99+7.57 0.219
Doses of hCG 6,441.78+3,322.47 4,918.60+960.56*" 4,345.83+1,097.08* <0.001

*, significantly different from C group; *, significantly different from LE + Pre group; AFC, antral follicular count; FSH, follicle-stimulating

hormone; LH, luteinizing; hCG, human chorionic gonadotropin.

between the three groups was displayed in 7able 2. The
number of retrieved oocytes and mature oocytes were
significantly different between the three groups (P<0.001,
P<0.001, respectively). The number of fertilized oocytes and
cleaved oocytes were also significantly different between the
three groups (P<0.001, P<0.001, respectively). No difference
was found in the number of retrieved oocytes (P=0.816),
mature oocytes (P=0.404), fertilized oocytes (P=0.401),
and cleaved oocytes (P=0.307) between the LE group and
the LE + Pre group. However, the ratio of good-quality
embryo rate was similar between the three groups (P=0.234).
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Blastocyst formation was significantly different among the
three groups (P<0.001) but similar between the LE group
and the LE + Pre group (P=0.979). In the LE group, the
occurrence rate of severe OHSS was significantly higher
than that in the LE + Pre group (P=0.022). The embryo
transfer rate was significantly different between the three
groups (P<0.001) but was similar between the LE group and
the LE + Pre group (P=0.512). No significant difference in
clinical pregnancy rate was found between the three groups
(P=0.383). However, the LE group’s ongoing pregnancy rate
was significantly higher than the LE + Pre group (P=0.025).
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Table 2 The comparison of oocytes, embryos and clinical outcome between three groups

C group LE group LE + Pre group P value
No. of retrieved oocytes 10.77+5.17 19.19+8.05* 18.22+6.73* <0.001
No. of mature oocytes 10.02+4.73 16.95+7.58* 15.25+6.73* <0.001
No. of fertilized oocytes 7.67+4.02 13.24+5.77* 11.87+5.74* <0.001
No. of cleaved oocytes 8.06+3.90 12.86+5.74* 11.48+5.68" <0.001
High qualified cleaved embryo rate (%) 89+71 79+23 77+23 0.234
Blastocyst formation rate (%) 23+23 35+21* 34+19* <0.001
The occurrence rate of severe OHSS 18.5% (27/146) 73.3% (63/86)* 55.0% (33/60)* <0.001
Embryo transfer rate 91.8% (134/146) 48.8% (42/86)* 43.3% (26/60)* <0.001
Clinical pregnancy rate 65.2% (88/134) 54.8% (23/42) 53.8%(14/26) 0.383
Ongoing pregnancy rate 93.2% (82/88) 81.5% (22/27)* 64.3%(9/14)* <0.001
*, significantly different from C group; *, significantly different from LE + Pre group.
Table 3 The comparison of hormone levels between the pregnancy group and non-pregnancy group
On the trigger day trigger Pregnancy group Non-pregnancy group P value
LH 0.91+0.47 0.71+0.48 0.027
E, 3,686+1,391 4,035+1,555 0.212
P 0.85+0.33 1.10+0.45 0.001
FSH 17.85+5.25 19.01+6.13 0.394

Effect of progesterone elevation on pregnancy rate in the
LE group and the LE + Pre group

The addition of prednisone might impact the progesterone
level due to the structural similarities between the two
hormones (22). We further analyzed the pregnant women
and non-pregnant women in 145 letrozole-treated
cycles. After comparing the pregnancy group and non-
pregnancy group, we found, surprisingly, that the P level
on the trigger day was significantly low in the pregnancy
group (0.85 vs. 1.10, P=0.001, Tzble 3). Moreover, LH
level was significantly higher in the pregnancy group than
non-pregnancy group (0.91 vs. 0.71, P=0.027, Table 3).
Following this analysis, ROC was applied to verify whether
P or LH level on the trigger day could predict the clinical
pregnancy outcome and the resultant ROC curve showed
that the progesterone level on the trigger day did predict
a successful clinical pregnancy. The AUC was 0.684, and
the optimal progesterone cut-off value was 0.895 ng/mL,
providing specificity of 68.3% and sensitivity of 65.7%
(Figure 2A4). This means that women were more likely
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to pregnant when the progesterone level was not over
0.895 ng/mL. The predictive ability of other hormones was
not found.

Discussion

Results of our study implied that a combination of letrozole
and prednisone significantly reduced the occurrence rate
of severe OHSS compared with administration of letrozole
only. Furthermore, we found that the P level on the trigger
day had a predictive function for pregnancy outcome. That
is, a P level on hCG-day less than 0.895 ng/mL signified a
greater chance to achieve clinical pregnancy outcomes in
women with the prolonged GnRHa protocol in the early
follicular phase. In addition, the results of the present study
suggest that sharply reduced E, level in the LE + Pre group
around trigger day had no side effects on embryo quality or
blastocyst formation.

Recently, letrozole has been recommended to reduce E,
levels, reducing the occurrence rate of severe OHSS (16).
However, conclusions about letrozole reducing the occurrence
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Figure 2 ROC curves: for progesterone level (A), for LH level (B). ROC curve analyses were used to show the ability of progesterone level on

a trigger day to predict failure to reach clinical pregnancy. The AUC was 0.684, and the optimal progesterone cut-off value was 0.895 ng/mL.

ROC, receiver operating characteristic; LH, luteinizing.

rate of severe OHSS are still inconsistent. Mai ezt al.
reported that letrozole exhibited a powerful effect on the
decline in the incidence of moderate and severe early-onset
ovarian hyperstimulation syndrome (17). In contrast, the
results of Sandoval et 4l. (23) showed letrozole could reduce
the E, level but did not influence decreasing the risk of
OHSS for PCOS women. It has been reported that young
age (24) and higher AFC (25) increased the occurrence
rate of OHSS. Notwithstanding, in our study, the age of
the LE group was relatively younger than the C group,
and the number of AFC was statistically higher in the LE
group. AMH level might affect the function of letrozole,
reducing the risk of OHSS. It has been found that for those
women with PCOS with AMH level >50 pmol/L, the rate
of moderate and mild OHSS in the LE group decreased to
five times lower than those without letrozole treatment (24).
It would have been useful to have the AMH level of all the
women in this study. Thus, it was reasonable to postulate
that AMH in the LE group might well not be low. In our
study, higher level of E, on trigger day, younger age and
more AFC in the LE group might mask the function of
letrozole on reducing the risk of OHSS.

Higher levels of E, will directly result in augmenting the
risk of OHSS (26). In the present study, though the total
dosage of gonadotropins and the length of gonadotropins
administered were fewer and shorter than those in
women from the C group, E, levels on hCG day in the
LE group was significantly higher than those from the C
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group. Levels of LH on hCG day in the LE group were
significantly higher than those from the C group and might
account for the higher level of E, from the LE group (27).
We postulate that appropriately reducing the dosage of
preliminary gonadotropin might lower the high levels of
E,. In addition, it has been reported that high E, levels on
trigger days had adverse effects on pregnancy outcomes (23).
In the present study, the significantly diminished ongoing
pregnancy rate was found in the LE group, which might be
attributable to the higher E, level damaging endometrial
receptivity. The results of this study are in accordance with
Sandoval’s study (23). Despite the significantly diminished
ongoing pregnancy rate found in the LE group, the present
study results demonstrated a similar ratio of good-quality
cleavage stage embryos and blastocyst formation rate, as
well as clinical pregnancy rate between the LE group and
the C group. This suggests that letrozole addition did not
damage the potential for embryonic development (28).
Juan S Sandoval (23) found that when E,/oocyte ratio
was more than 400 pg/mL oocyte, the clinical pregnancy
rate, pregnancy duration rate and live birth rate of normal
responders were lower than <200 pg/mL oocyte and 200-
300 pg/mL oocyte, which may reflect the noxious impact
of higher levels of E,. In our study, the E,/oocyte ratio
was slightly higher in the LE group than the C group on
the trigger day, but there were no significant differences.
However, the ratio of P and E, was 1.65 in the C group,
significantly higher than 0.33 in the LE group. Thus, the
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E,/oocyte ratio might reflect the damage of a significant
reduction in E, on the receptivity of the endometrium (22).

Progesterone also affected pregnancy outcomes in
women with IVF/ICSI. A retrospective analysis involving
7,451 patients revealed that the rates of implantation,
clinical pregnancy, ongoing pregnancy, and live birth were
significantly decreased in patients with P/E, <0.25 on the
trigger day administration (28). As for an optimal level
of progesterone on the trigger day, there is no uniform
standard. Bosch er al. reported that patients with serum
progesterone levels of <1.5 ng/mL on the trigger day
administration would have significantly higher ongoing
pregnancy rates (29). A recent study further confirmed
that serum progesterone levels >1.5 ng/mL might cause
a negative effect on ongoing pregnancy outcomes (30).
However, unlike the previous two studies, Venetis er al.
analyzed over 60,000 cycles and found that when the
progesterone level on the trigger day administration was
over 0.8 ng/mL, it would negatively affect it on pregnancy
achievement (31). In accordance with previous studies,
we evaluated the pregnancy rate in the present study and
found it was significantly related to the progesterone level
on the trigger day in the LE group. Further, we analyzed
the relationship using the ROC curve, and results of the
ROC curve showed the optimal progesterone cut-off value
on the trigger day was 0.895 ng/mL, providing specificity
of 68.3% and sensitivity of 65.7% to predict success of
a clinical pregnancy. These results were in line with the
opinion that a too high level of P on hCG day negatively
affected pregnancy outcomes (30). This means that when
the progesterone level is higher than 0.895 ng/mL, clinical
pregnancy is very likely to fail. Different protocols may
result in different cut-offs of progesterone (32), which
might explain the differences in cut-off in the literature
outlined in the literature. Besides different protocols, the P
level on hCG day is also relevant to the respondence of the
women as well. Georg Griesinger pointed out the incidence
of elevated P was in line with ovarian response. Elevated
P level was independently associated with a decreased
chance of pregnancy in low to normal responders using
an rFSH/GnRH antagonist protocol. However, no similar
results were found in high responders (33). Consequently,
the prediction value of progesterone 0.895 ng/mL on
pregnancy outcomes in this study was only for those normal
responders with prolonged GnRHa protocol.

GCs are various steroid hormones that improve ovarian
response, increase pregnancy rates, and reduce cycle
cancellation rates (34). Through inhibiting the production
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of inflammatory mediators and suppressing VEGF gene
expression, GCs can prevent vasodilatation and vascular
permeability (18). Prednisone is a kind of GCs, and can
inhibit the proliferation of connective tissue and release
substances such as histamine, which may also help in the
prevention of OHSS and relief the clinical symptoms (35).
In patients with early and late OHSS, a significant
enhancement of cortisol will be observed probably due to
the body’s natural repair mechanism (36). However, it was
still uncertain whether prednisone treatment was effective
on the decreased risk of OHSS. Lainas et 4/. indicated
that administration of methylprednisolone could prevent
severe ovarian hyperstimulation syndrome in patients
undergoing IVF (18). Conversely, in PCOS patients,
methylprednisolone was reported as unable to reduce the
incidence and severity of OHSS, and no improvement in
clinical outcomes was observed either (19).

In the present study, we found that letrozole, together
with prednisone, significantly reduced the incidence of
severe OHSS. The inhibitory effect of prednisone on
OHSS may be realized by lowering testosterone mediated
by LH and thus lowering progesterone (37). In this study,
FSH level at baseline was found to be higher in the LE
+ Pre group, whereas elevated FSH is linked with early
pregnancy loss in IVF (38). Coincident with this, in the
present study, in the LE group, the ongoing pregnancy rate
was significantly lower in the LE + Pre group than in the
LE group. Whether a higher baseline FSH level affects the
ongoing pregnancy rate or early pregnancy loss warrants
further evaluation, overall; however, the combination of
prednisone and letrozole could significantly reduce the
occurrence rate of severe OHSS. However, the side effects
of prednisone on an ongoing pregnancy must be taken
seriously.

AMH is closely related to the occurrence rate of
OHSS (24). It was a limitation of this study that there was
limited AMH data. In addition, factors of relatively younger
age, slightly higher dose of initial gonadotropin, and more
AFCs in women from the LE group might impact the
results of this study. Thus, though the letrozole was applied
with 2-3 days, the E, level on trigger day was still higher in
this group. This may also be one reason why letrozole did
not reduce OHSS risk in our study.

The benefits from the coadministration of letrozole
and prednisone founded in our study suggest the clinical
feasibility of the protocol. Besides, the threshold of
0.895 ng/mL progesterone level also helped clinically
predict the clinical pregnancy. Clinicians can try the
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coadministration of letrozole and prednisone to treat and
monitor the progesterone level for further intervention. In
addition, new schemes related to ovarian renin—angiotensin
system, prostaglandins, histamines, cytokines, VEGEF,
PEDF can also be developed.

Conclusions

Administration of letrozole accompanied with prednisolone
resulted in a lower risk of severe OHSS than the application
of letrozole alone. Furthermore, results of the present study
surprisingly showed a progesterone level on trigger day
over 0.895 ng/mL in letrozole-treated patients may lead to
a detrimental effect on clinical pregnancy. It must be noted
that this conclusion is only for women with a prolonged
GnRHa protocol in the early follicular phase.
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