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Abstract The aim of this study was to determine if an association existed between serum human chorionic gonadotrophin (HCG)
level at 12 h after trigger and IVF and intracytoplasmic sperm (ICSI) treatment outcomes. Women undergoing initial IVF-ICSI and embryo
transfer treatment using the long luteal phase gonadotrophin-releasing hormone agonist protocol between April 2012 and March 2013
for tubal factor were included (n = 699). In the clinical pregnancy group, HCG after trigger was significantly elevated (276.0 £ 5.1
versus 198.5 = 6.1 mlU/mL; P < 0.001). The optimal cut-off value proposed by the receiver operating characteristic analysis (area
under curve =0.730) for HCG was 201.2 mIU/ml. Compared with the lower HCG group, the clinical pregnancy rate in the higher HCG
group was increased in obese and non-obese patients (77.8% versus 57.3%, P < 0.05; 85.6% versus 53.0%, P < 0.01, respectively). Adjusted
for age and body mass index, an increase of HCG was associated with a better IVF-ICSI treatment outcome (OR 4.39, 95% Cl 2.99 to
6.45). Clinical pregnancy rate was significantly higher across increasing quartiles of HCG. An elevated level of serum HCG at 12 h
after trigger was associated with a better IVF-ICSI outcome. s
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Introduction

Successful implantation after IVF and embryo transfer depends
on various factors related to the embryo, as well as the
endometrial receptivity (von Grothusen et al., 2014). It is
important that the embryo reaches the endometrial cavity
during the period in which the endometrium is receptive, the
‘implantation window’. It is estimated that about 50-70% of
lost pregnancies are caused by implantation failure (Achache
and Revel, 2006).

Implantation is a complex process that is regulated by many
factors, the most important of which is human chorionic
gonadotrophin (HCG) (Tsampalas et al., 2010). In primates,
HCG is one of the early embryonic signals that is secreted by
the embryo before its implantation. It is a glycoprotein from
the same family as the pituitary gonadotrophins (FSH and LH),
and shares marked structural similarity with LH. Because of
its similarity to LH, HCG can act as a surrogate for LH surge
to induce final oocyte maturation and ovulation in ovarian
stimulation cycles. It stimulates similar periovulatory events,
including softening of the connective tissue of follicle, which
allows easy detachment of oocyte cumulus complex from the
follicle wall, enabling aspiration during oocyte retrieval
(Bjercke et al., 2000).

Studies have shown that early ovarian hyperstimulation
syndrome (OHSS) was apparently caused by the administra-
tion of exogenous HCG, the more doses of HCG used, the earlier
OHSS occurred (Nargund et al., 2007). One study reduced the
dose of HCG to 4000 IU in triggering oocyte final maturation
in IVF-ICSI. They found that the number or proportion of mature
oocytes retrieved and the OHSS rate in the lower and higher
doses groups were similar, but the reduced dose of HCG could
obviously affect clinical pregnancy rates (Lin et al., 2011). It
can be speculated that HCG might help embryo implantation.

Gonadotrophin-releasing hormone agonist (GnRHa) is also
used as a trigger of final oocyte maturation to prevent OHSS.
Compared with HCG triggering, GnRHa triggering reduced mod-
erate to severe OHSS incidence, but also decreased the live
birth rate and ongoing pregnancy rate, and increased ectopic
pregnancy rate (Sahin et al., 2015; Youssef et al., 2014). Many
involved genes known to play a role in implantation and the
receptivity of the endometrium were highly up-regulated in
HCG triggering compared with GnRHa triggering (Humaidan
et al., 2012). Therefore, the reason for higher pregnancy rate
and lower ectopic pregnancy rate in HCG-triggered cycles rela-
tive to GnRHa triggered cycles may be the increased recep-
tivity of the endometrium (Sahin et al., 2015). Evans and
Salamonsen (2013), however, also showed that, although acute
high-dose HCG enhanced endometrial epithelial cell adhe-
sion and elicited the maxim ERK1/2 phosphorylation re-
sponse, chronic low-dose HCG exposure may detrimentally
affect endometrial receptivity.

On the basis of these studies, we postulated that trigger
with HCG contributes to final oocyte maturation and also plays
an important role in modulating endometrial receptivity.
Furthermore, to the best of our knowledge, no study has
evaluated the association of the HCG levels after trigger with
pregnancy rate. The aim of this study was to investigate the
value of HCG serum levels after trigger in predicting pregnancy
and live birth rates in IVF and intracytoplasmic sperm injection
(ICSI) treatments.

Materials and methods
Study population

A cohort of couples who underwent initial IVF-ICSI and embryo
transfer treatment using the long luteal phase GnRH agonist
protocol between April 2012 and March 2013 at the IVF centre
of Nanjing Drum Tower Hospital for tubal factor was included.
Inclusion criteria were age 35 years or younger, regular cycles
(24-35 days), basal FSH less than 10 mlU/ml, and antral
follicle count 10 or over. Women with polycystic ovarian
syndrome and poor ovarian reserve, immunological disease,
endometriosis, uterine abnormality, endometrial thickness less
than 8 mm before embryo transfer, fewer than two good-
quality embryos available for transfer or patients with
inadequate data for analysis were excluded. Poor responders
were defined when one or more of the following criteria was
present in the first or in at least one previous failed assisted
reproduction technique cycle: fewer than four mature oocyte
retrieved, level of oestradiol less than 500 pg/ml on the day
of HCG administration, or a prior cancelled stimulation cycle
owing to poor ovarian response. Independent ethical approval
was obtained from the Nanjing Drum Tower Hospital Research
Ethics Committee on 22 March 2014 (no. SZ200-802). Informed
consent was provided by all couples at recruitment.

Ovarian stimulation protocol

All patients received standard ovarian stimulation with
recombinent FSH under pituitary suppression with GnRH
agonist according to a routinely used protocol (Ding et al.,
2013). In all women, pituitary desensitization was achieved
by subcutaneous administration of triptorelin (0.1 mg daily,
which was reduced to 0.05 mg after ovarian arrest was con-
firmed) started in the mid-luteal phase of the previous cycle.
Gonadotrophin stimulation of the ovaries was started when
serum oestradiol concentrations declined to less than 40 pg/ml
and a vaginal ultrasound scan showed an absence of fol-
licles over 10 mm in diameter. Ovarian stimulation was started
with 150-250 IU/day of recombinant FSH (Gonal F; Serono,
Switzerland); the initial dose was determined by the treat-
ing clinician, based on the patient’s age, body mass index
(BMI), basal FSH and oestradiol. Transvaginal ultrasound and
oestradiol measurement were used to monitor follicular
growth, and gondotrophin doses were adjusted accordingly.
Ovulation was triggered by intramuscular administration of
10,000 IU of HCG (Ferring Pharmaceuticals) when at least two
follicles reached a diameter of 18 mm. Serum HCG concen-
trations were measured at 12 h after HCG trigger using the
immunoassay (ARCHITECT i2000SR; Abbott, USA). Oocytes were
retrieved 36 h after the injection of HCG.

Ovum pick-up, insemination and embryo incubation

After retrieval, oocytes were fertilized using IVF-ICSI. After
IVF insemination for 6 h in droplets G-IVF™ (Vitrolife, Sweden)
fertilization medium under mineral oil (Ovoil ®, Vitrolife) in
a conventional incubator (37°C, 5% O, 6% CO,), the cumulus
and corona cells were removed by mechanical pipetting. Then,
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embryos were individually placed in microdrops (50 ul) con-
taining G-1™ (Vitrolife, Sweden) under mineral oil for further
culture. For ICSI insemination, the cumulus-oocyte com-
plexes were denuded using hyaluronidase (Cook). The ICSI pro-
cedure was carried out 1 h after oocyte denudation and the
in-vitro culture was carried out in 50 ul of G-1™ under mineral
oil until day 3 in conventional incubators with 5% O,, 6% CO,
at 37°C.

Embryo evaluation and transfer

All assessments were made using an inverted microscope with
Hoffman modulation contrast. Fertilization was checked at
19 £ 1 h after insemination. Individually cultured embryos were
checked at 44 £ 1 h and 68 + 1 h after insemination. The con-
sensus scoring system was applied for embryo assessment
(Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology, 2011). Embryos were evalu-
ated on the basis of the number of blastomeres, rate of frag-
mentation and symmetry. Good-quality embryo were
considered to be two pronuclei embryo 18-20 h after insemi-
nation, four cells at day 2 and seven to eight cells at day 3,
even size, and less than 10% fragmentation.

On day 3 after oocyte retrieval, two good-quality cleavage-
stage embryos were selected and transferred into the uterus.
Progesterone supplementation (intramuscular progesterone
60-80 mg daily) for luteal support was carried out 10 weeks
after embryo transfer. Clinical pregnancy was diagnosed by
increasing serum concentration of beta-HCG 14 days after
embryo transfer, and the subsequent demonstration of an in-
trauterine gestational sac by ultrasonography on 30 days after
embryo transfer. Number of oocytes retrieved, number of
good-quality embryos and live birth rates were secondary
outcome measures.

Data analysis

All data were presented as mean * standard error of mean
(SEM). Variables among groups were compared using the
independent-samples Student’s t-test, Mann-Whitney and
chi-squared tests, respectively. P < 0.05 was considered to
be statistically significant. Three factors (HCG value 12 h after
trigger, BMI and age) were selected for inclusion in
multivariable logistic regression model. A receiver operating
characteristic (ROC) curve was constructed to evaluate the
performance of each factor. Odds ratios (OR) and 95%
confidence interval (Cl) for clinical pregnancy associated with
variables was estimated by multivariate logistic regression
analysis. The Statistical Package for Social Sciences (SPSS
version 14.0 for Windows, Chicago, IL, USA) was used for
statistical analysis.

Results

A total of 699 cycles met the inclusion criteria during the study
period. Baseline characteristics and outcomes for the whole
group are presented in Table 1. In this group of young women,
the clinical pregnancy rate was 74.2%, whereas the live birth

Table 1 Baseline characteristics and clinical outcomes of
patients undergoing long luteal phase gonadotrophin-releasing
hormone agonist cycles for IVF and intracytoplasmic sperm
injection.

Characteristics Study group (n =699)

Age (years)

Body mass index (kg/m?)
Oestradiol on day of HCG (pg/ml)

P on day of HCG (ng/ml)

HCG 12 h after trigger (mlU/mL)
Oestradiol 12 h after trigger (pg/ml)
P 12-h after trigger (ng/ml)

29.6 (20-35)
22.2 (15.9-35.5)
4314 (972.39-10140)
0.77 (0.01-3.51)
260.3 (61.17-963.9)
4759.7 (910.44-11163)
9.6 (1.62-25.84)

Endometrial thickness (mm) 11.4 (8-18)

Number of retrieved oocytes per cycle | 10.74 (4-23)

Number of fertilized oocytes per cycle 8.96 (2-22)

Number of cleaved embryos per cycle 8.8 (2-22)

Number of good-quality embryos per 5.3 (2-19)
cycle

Number of good quality embryos 2

transferred per cycle
Implantation rate, % (n)
Clinical pregnancy rate per cycle,
% (n)
Live birth rate per cycle, % (n)

51.6 (722/1398)
74.2 (519/699)

68.4 (478/699)

rate was 68.4%, which were consistent with our previous
studies (Ding et al., 2013; Zhou et al., 2012, 2013).

No significant difference was observed between clinical
pregnancy and non-clinical pregnancy groups in patients’ age,
oestradiol value on day of HCG, P-value on day of HCG,
P-value-oestradiol ratio on day of HCG, endometrial thickness,
number of retrieved oocytes, fertilized oocytes, cleaved
embryos and good-quality embryos, which were thought to
be associated with IVF outcomes. At 12 h after trigger, HCG
serum value was significantly higher in the clinical pregnancy
group (276.0 = 5.1 versus 198.5 + 6.1 mlU/ml, P < 0.001),
whereas BMI was significantly lower (21.9 £ 0.1 versus 22.9
+ 0.2, P<0.01) (Table 2). Age and BMI were negatively
correlated with HCG value (r = -0.11, P < 0.01; r = -0.30,
P <0.01, respectively).

A ROC analysis comparing HCG value or BMI between
clinical pregnancy and non-clinical pregnancy groups was
conducted. The area under ROC curve for HCG value was
0.730, whereas, for BMI, it was only 0.600 (Figure 1). The
optimal cut-off value proposed by the ROC analysis for HCG
value was 201.2 mlU/mL for this group of young women. The
World Health Organization (WHO) recommended cut-off value
for obesity was used: that Asians should be considered obese
when the BMI is greater than 25 kg/m? (WHO Expert
Consultation, 2004). So the study population was then divided
into four groups based on BMI and HCG value. No significant
difference was observed among four groups in P-value on day
of HCG, endometrial thickness, number of retrieved oocytes,
fertilized oocytes, cleaved embryos and good-quality embryos.
When compared with the lower HCG value group, the
implantation rate and the clinical pregnancy rate in the higher
HCG value group were higher in obese patients and non-obese
patients. The HCG value was significantly lower in obese
patients than that in non-obese patients (189.8 + 7.6 versus
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Table 2 Predicators for clinical pregnancy in patients undergoing long luteal phase gonadotrophin-releasing hormone agonist cycles

for IVF and intracytoplasmic sperm injection.

L. Clinical pregnancy Non-clinical pregnancy P-value
Characteristics group (n =519) group (n =180)
Age (years) 29.6 + 0.1 29.7 + 0.3 NS
Body mass index (kg/m?) 21.9 + 0.1 22.9 £ 0.2 <0.001
Oestradiol on day of HCG (pg/ml) 4318.9 + 66.9 4303.3 + 112.2 NS
P on day of HCG (ng/ml) 0.77 + 0.02 0.79 + 0.04 NS
P/ oestradiol on day of HCG 0.20 = 0.15 0.21 + 0.15 NS
HCG value at 12 h after trigger (mlU/mL) 276.0 = 5.1 198.5 + 6.1 <0.001
Endometrial thickness (mm) 11.4 = 0.1 11.2 £ 0.2 NS
Number of oocytes retrieved per cycle 10.63 *+ 3.65 11.05 + 4.19 NS
Number of fertilized oocytes per cycle 8.93 + 3.57 9.06 + 3.98 NS
Number of cleaved embryos per cycle 8.8 + 3.85 8.81 + 4.03 NS
Number of good-quality embryos per cycle 5.31 + 3.00 5.19 + 3.08 NS

NS = not significant.
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Figure 1 Receiver operating characteristic curve (ROC) of HCG
and body mass index (BMI) in predicting clinical pregnancy in pa-
tients undergoing IVF-ICSI treatment. Area under ROC curve for
HCG was 0.730; 95% CI 0.688 to 0.771; BMI was 0.600; 95% Cl 0.552
to 0.648).

274.8+7.0 mlU/ml, P<0.01), as well as the implantation rate
and the clinical pregnancy rate (43.3% versus 53.4%, P < 0.01;
65.0% versus 76.2%. P < 0.05, respectively). When the HCG
value was 201.2 mlU/mL or over, the implantation rate and
the clinical pregnancy rate had no significant difference
between obese and non-obese patients (52.2% versus 60.2%
and 77.8% versus 85.6%, respectively) (Table 3).

Statistics from the multivariable model are presented in
Table 4. The modified Hosmer-Lemshow goodness-of-fit chi-
squared test statistics was 1.834 (not statistically signifi-
cant), which suggested that the multivariable model was a
good fit. The HCG value showed a high OR (OR 4.391, 95% CI
2.990 to 6.450), which is a good predictor for better IVF out-
comes with a sensitivity of 74.6%, specificity of 61.7%, posi-
tive predictive value of 66.1% and negative predictive value
of 70.8%. Neither BMI (OR 0.98, 95% Cl 0.92 to 1.04) nor age
(OR 1.02, 95% CI 0.97 to 1.08) had an effect on IVF outcome.

Furthermore, to evaluate the prognostic effect of HCG
value at 12 h after trigger on clinical pregnancy, a model
including HCG value quartiles was fitted as a categorical
dummy variable using the first quartile as the reference.
Clinical pregnancy rate and implantation rate were
significantly higher across increasing quartiles of HCG value
(P < 0.01). Compared with that in the first quartile of HCG
value, the clinical pregnancy rate in the other quartiles was
OR 2.36, 3.90, and 11.70 for the second, third and fourth
quartile, respectively. Additional adjustment for age and BMI
did not change our findings (Table 5).

Discussion

Investigators continue to seek for more sensitive and specific
tests to predict cycle outcome and optimize treatment of
couples undergoing IVF-1CSI and embryo transfer. In relation
to this, the associations of elevated P-values and P- values-
oestradiol ratio on day of, or day after, HCG administration
with cycle outcomes have been extensively investigated (Keltz
etal., 2012; Liuet al., 2015; Santos-Ribeiro et al., 2014; Sonntag
etal., 2013), whereas the relationship of HCG value after trigger
and cycle outcomes was seldomly studied.

An important role is played by HCG in modulating
endometrial receptivity. The direct effect of HCG on the
human endometrium was studied as early as 1998. Licht et al.
(1998) found that intrauterine 500 IU of HCG provoked a
significant stimulation of leukaemia inhibitory factor, vascular
endothelial growth factor and matrix metalloproteinase 9. It
also directly increased the expression of HOXA10 and other
markers of endometrial receptivity, supporting the role of
HCG as a candidate protein for blastocyst-endometrial
communication (Fogle et al., 2010; Racicot et al., 2014).
Schumacher et al. (2013) found that HCG produced mainly by
the trophoblast was one of the factors attracting human
regulatory T cells efficiently to the fetal-maternal interface
contributing to their local accumulation, so HCG was deemed
as a central regulator of pregnancy immune tolerance. This
local accumulation of human regulatory T cells might also
be favoured by other immune cells secreting HCG at the
fetal-maternal interface (Schumacher et al., 2009). Our
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Table 3 Baseline characteristics and clinical outcomes of non-obese and obese patients undergoing long luteal phase gonadotrophin
releasing hormone agonist cycles for IVF and intracytoplasmic sperm injection.

Characteristics

Non-obese

Obese

HCG value 12 h after trigger (mlU/ml)

<201.2 (n = 168)

>201.2 (n=411)

<201.2 (n =75)

>201.2(n =45)

Age (years)

P on day of HCG (ng/ml)

P/ oestradiol on day of HCG

Endometrial thickness (mm)

Number of oocytes retrieved per cycle

Number of fertilized oocytes per cycle

Number of cleavaged embryos per cycle

Number of good-quality embryos per cycle

Ovarian hyperstimulation syndrome (moderate
to severe), % (n)

Implantation rate, % (n)

Clinical pregnancy rate per cycle, % (n)

Live birth rate per cycle, % (n)

30.2 + 0.2
0.78 + 0.03
0.20 + 0.01
114J_r02
10.61 + 3.7
908i384
8.89 + 3.89
529i325
1.2 (2/168)

36.6 (123/336)

53.0 (89/168)
50.0 (84/168)

29.3 + 0.2°
0.82 + 0.02
0.21 + 0.01
11.4 + 0.1
10.73 + 3.75
8.91 + 3.56
8.70 + 3.54
5.32 + 2.93
2.2 (9/411)

60.2° (495/822)
85.6° (352/411)
78.8° (324/411)

1.4+ 02
10.91 + 4.14
8.64 + 3.90
9.07 + 5.60
4.76 + 2.80

1.3 (1/75)

38.0 (57/150)
57.3 (43/75)
49.3 (37/75)

29.5 + 0.4
0.58 + 0.06
0.16 + 0.02
11.1 £ 0.3
10.98 + 3.82
9.58 + 3.77
9.27 + 3.56
5.73 + 3.26
2.2 (1/45)

52.2¢ (47/90)
77.8° (35/45)
73.3¢ (33/45)

2Compared with lower HCG value non-obese patients, P < 0.05.
bCompared with lower HCG value non-obese patients, P < 0.01.
‘Compared with lower HCG value obese patients, P < 0.05.

Table 4 Multivariate logistic regression analysis of factors related to clinical pregnancy.

Factors B Standard error (b) Wald Chi-square P-value 0Odds raio 95% Confidence interval
HCG 1.48 0.196 56.935 0.00 4.39 2.99 to 6.45
Body mass index -0.02 0.031 0.511 NS 0.98 0.92 to 1.04
Age 0.02 0.029 0.517 NS 1.02 0.97 to 1.08

The modified Hosmer-Lemshow goodness-of-fit Chi-square test statistics was 1.834 (not signficiant). NS = not significant.

Table 5 0dds ratios and 95% confidence intervals for clinical pregnancy in HCG quartiles.

. n Odds ratios Adjusted odds ratios® Clinical pregnancy rate Implantation rate P
Quartile (95% Cl) (95% Cl) (%) %)
Quartile 1 174 1 1 51.7 33.6 1
(<179 miU/ml )
Quartile 2 173 2.36 2.55 71.7 51.7 <0.01
(179-233 miU/ml) (1.51-3.69) (1.60-4.06)
Quartile 3 176 3.90 3.67 80.7 56.0 <0.01
(234-314 mIU/ml) (2.42-6.29) (2.18-6.18)
Quartile 4 176 11.70 13.16 93.1 65.6 <0.01
(>314 miU/ml) (6.18-22.16) (6.42-26.98)

2Adjusted for age and body mass index. Cl = confidence interval.

previous studies had proved that pregnancy immune tolerance
plays a critical role in successful implantation (Zhou et al.,
2012, 2013). Recently, Mansour et al. (2011) and Zarei et al.
(2014) both found that intrauterine injection of HCG before
embryo transfer significantly improved the implantation and
pregnancy rates in IVF-ICSI cycles. Evans and Salamonsen
(2013) also found that prolonged HCG exposure may
detrimentally affect endometrial receptivity (Evans and
Salamonsen, 2013). These studies support that only the
appropriate application of HCG can improve endometrial
receptivity.

In the present study, the relationship between HCG value
at 12 h after trigger and IVF treatment outcome was explored.
Results revealed that women who were likely to achieve a
pregnancy after IVF treatment had the higher HCG value than
that in non-pregnant group, whereas patients’ age, oestradiol
value on day of HCG, progesterone value on day of HCG,
progesterone-to-oestradiol ratio on day of HCG, endometrial
thickness, number of oocytes retrieved, number of good-
quality embryos had no significant difference. These effects
were also dependent on HCG concentration, as the clinical
pregnancy rate and implantation rate increased with
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increasing HCG quartiles. The findings were compatible with
other studies. Arce and Smitz (2011) showed that increased
serum concentrations of exogenous HCG at the mid-follicular
or at the end of stimulation were associated with higher live
birth rates in infertile women treated with highly purified
human menopausal gonad (Arce and Smitz, 2011, 2013). The
mechanism of implantation and the precise role of HCG in
implantation are still not fully understood, but it can be
speculated that an excess HCG after trigger might play a
positive role in successful implantation.

Obese women have a larger volume of distribution than
non-obese women, and this may lead to a lower serum con-
centration after drug administration. A negative correlation
between BMI and serum HCG levels at 12 h after injection
was observed in the present study. Shah et al. (2014) also
showed higher HCG levels in non-obese patients compared
with obese and slimmer patients, and have a higher preg-
nancy rate. In the present study, however, when HCG value
at 12 h after injection was 201.2 mIU/ml or greater, obese
patients achieved the same good IVF outcomes as non-
obese patients. Furthermore, only the HCG value at 12 h after
injection was a good predictor of better IVF outcomes by
using multivariate logistic regression analysis; neither BMI
nor age had an effect on IVF outcome in this group of young
women. Threfore, the HCG concentration at 12 h after in-
jection was not only likely to be a reflection of HCG bioac-
tivity associated with BMI and age, but the elevated level of
HCG value per se was associated with a good IVF-ICSI treat-
ment outcome.

Different doses of HCG have been used in various IVF
treatment protocols to induce final maturation. No agree-
ment has yet been reached on the minimum dose required,
but evidence has suggested that different patients have dif-
ferent thresholds for their response to HCG. In this study,
HCG value at 12 h after trigger greatly varied (from 61.17 to
963.9 mlU/ml), although all the patients received intramus-
cular HCG at a dose of 10,000 IU. Age and BMI were the two
important factors associated with the HCG value, which
were both negatively correlated with HCG value. An increas-
ing trend of moderate to severe OHSS was observed when
HCG was 201.2 mIU/ml or over in obese patients and non-
obese patients. As HCG is a well known promoter of OHSS
and seems to initiate the complex cascade that leads to the
development of OHSS, preventive strategies attempt either
to limit the dose or concentration of HCG without inducing
a detrimental effect on endometrial and oocyte quality. In
this study, optimal cut-off value of HCG at 12 h after trigger
was 201.2 mlU/ml in our group of young women, whereas
64.7% of the patients, after intramuscular administration of
10,000 IU uHCG, had HCG values above this level, so these
patients can reduce the HCG dose for trigger; in contrast,
the other 35.3% patients should use a larger dose of HCG.
The individual use of HCG for trigger according to patient’s
age and BMI might result in a higher pregnancy rate with
lower OHSS occurrence.

In conclusion, our data suggest that an elevated level of
HCG value 12 h after trigger is associated with an increased
rate of clinical pregnancy and live birth in IVF-ICSI treat-
ment. The HCG value after trigger in serum might be also a
new therapeutic target for better IVF-ICSI treatment outcome.
A larger prospective study is needed to establish the optimal
level of HCG value in IVF-ICSI cycles.
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