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Abstract

Background: Ovarian hyperstimulation syndrome remains a serious complication during in vitro fertilization cycles if
high dose human chorionic gonadotropin (hCG) is used to trigger ovulation in high responder patients. Though much
of this risk is mitigated with trigger using gonadotropin releasing-hormone (GnRH) agonist alone, it may result in lower
birth rates. GnRH-agonist trigger and adjuvant low dose hCG has been proposed to improve birth rates, but timing of
this hCG support to corpus luteum function has never been fully described. In this randomized, prospective trial, we
explore differences in live birth rates and incidence of ovarian hyperstimulation syndrome (OHSS) in high-responder
patients undergoing in vitro fertilization (IVF) receiving low dose hCG at the time of GnRH-agonist (dual trigger) or hCG
adjuvant at the time of oocyte retrieval. Does the timing of hCG support make a difference?

Results: Thirty-four subjects high-responder patients were randomized to receive low-dose hCG at the time of GnRH-
agonist trigger (Group 1) and 37 received low-dose hCG at the time of oocyte retrieval (Group 2). There were no
differences in the baseline characteristics and outcome of ovarian stimulation between the two groups. There were no
differences in the live birth rates between Group 1 and Group 2 by intention-to-treat (14/34, 41.2% versus 21/37, 56.8%,
p = 0.19) or per-protocol (14/26, 53.8% versus 19/31, 61.3%, p = 0.57) analyses. There was a slightly higher incidence of
OHSS in Group 2 compared to Group 1 although the difference was not statistically significant (3/31, 9.7% versus 1/26,
3.8%). All the cases of OHSS in Group 2 were moderate while the one case of OHSS in Group 1 was mild.
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Conclusions: For high responder patients receiving GnRH-agonist trigger, low dose hCG supplementation allowed
high pregnancy rates after fresh embryo transfer, regardless of whether it was given at the time of trigger or at oocyte
retrieval. Dual trigger may be preferable to reduce the risk of OHSS.

Keywords: Dual trigger, Leuprolide trigger, Gonadotropin-releasing hormone agonist, Ovarian hyperstimulation
syndrome, OHSS, Low dose human chorionic gonadotropin, hCG and agonist trigger, Luteal support

Background
Ovarian hyperstimulation syndrome (OHSS) is a complica-
tion of ovarian stimulation during in vitro fertilization (IVF)
cycles. Although the severe form is uncommon, it may result
in significant morbidity including hospitalization. Induction
of oocyte maturation using gonadotropin releasing hormone
(GnRH) agonist instead of human chorionic gonadotropin
(hCG) has been shown to be effective in preventing the de-
velopment of OHSS [1–3]. The short duration of the
luteinizing hormone (LH) surge induced by GnRH agonist
administration results in defective corpus luteum (CL) for-
mation [4, 5]. This culminates in abnormal secretion of
growth factors resulting in prevention of OHSS [6, 7].
However, the unwanted consequence of the defective

corpora lutea function is lower pregnancy rates after
GnRH agonist trigger [8, 9]. Elective cryopreservation of
all oocytes or embryos after GnRH agonist trigger and
transfer in a subsequent cycle maintains excellent preg-
nancy rates [10–12]. Since fresh embryo transfers are
still preferable for some patients, it is paramount to de-
sign protocols that are safe and effective in optimizing
pregnancy rates after GnRH agonist trigger whilst redu-
cing the risk of OHSS development.
Studies have shown that the use of intensive luteal phase

support with estradiol (E2) and intramuscular (IM) proges-
terone (P) improves pregnancy rates, but only in a sub-
group of patients [1, 13, 14]. Adjuvant low dose hCG along
with GnRH agonist trigger protocols have been suggested
as a modality to further improve pregnancy rates. Adjuvant
low dose hCG can be given at the time of trigger (‘dual trig-
ger’) as either a variable dose ranging from 1000 to 2500 IU
based on OHSS risk and body weight [15, 16] or a fixed
dose of 1000 IU [13]. It is thought that administration of
low dose hCG rescues a small number of corpora lutea and
may result in increased pregnancy rates over GnRH agonist
trigger alone [13]. In a retrospective review of our GnRH
agonist trigger experience in high risk patients with peak
E2 < 4000 pg/mL, we found a higher live birth rate after
dual GnRH agonist and hCG 1000 IU trigger compared
with GnRH agonist trigger alone (52.9% versus 30.9%) [13].
Alternatively, low dose hCG can be given at the time of oo-
cyte retrieval and a dose of 1500 IU has been shown to im-
prove pregnancy rates in high responders after GnRH
agonist trigger [17–19].

Given the physiologic plausibility of the dual trigger
(GnRH agonist + 1000 IU hCG) rescuing a small number
of corpora lutea, we hypothesize that it would improve
pregnancy rates, while decreasing the risk of OHSS,
compared to administration of adjuvant low dose hCG
of 1500 IU at the time of oocyte retrieval. The minimal
dose of hCG necessary to support the luteal phase after
GnRH agonist trigger has not been established, how-
ever, hCG of 1000 IU is so far the lowest dose re-
ported to be safe and effective [13]. The use of
adjuvant hCG of any dose after GnRH agonist trigger
may result in an increased risk of OHSS and a high
proportion of severe OHSS have been reported after
the use of hCG 1500 at the time of oocyte retrieval
[20]. Although several cases of severe OHSS were re-
ported after the use of dual trigger in high re-
sponders, almost all the cases occurred in women
with peak E2 levels of > 4000 pg/ml [21]. Moreover,
there has never been a comparison done between the
two protocols in high risk patients.
We designed a prospective, randomized, double-blind,

placebo controlled trial to explore any differences between
two well established protocols, dual trigger with low dose
hCG plus GnRH agonist versus low dose hCG administra-
tion 35 h after GnRH agonist trigger at the time of oocyte
retrieval in women at risk of OHSS with peak serum E2 o
< 4000 pg/mL.

Methods
Study design
We have previously reported the study design, ra-
tionale and protocol overview [22]. This study was a
single university-affiliated center prospective random-
ized double-blind placebo controlled trial. The sub-
jects were recruited from March 2013 to December
2015. Approval for this study was obtained from the
university Institutional Review Board. Low dose hCG
was used under an Investigational New Drug (IND)
application to the Food and Drug Administration
(IND# 113472). The trial was registered at clinical-
trials.gov (NCT#: NCT01815138). The study had to
be terminated prematurely because of difficulties with
recruitment associated with changes in staff and
study site location.

Engmann et al. Journal of Ovarian Research            (2019) 12:8 Page 2 of 9



Participants
Subjects who were considered at high risk for the devel-
opment of OHSS by the following criteria were recruited
for the study: (1) age ≥ 18 years and < 40 years, (2) nor-
mal serum day 3 follicle stimulating hormone (FSH) < 10
mIU/mL (3) diagnosis of polycystic ovarian syndrome
(PCOS) or ≥ 12 antral follicles in at least one ovary or
serum AMH > 3.5 ng/ml; or (4) patients with a history of
high response to gonadotropins. PCOS was defined ac-
cording to the Rotterdam consensus guidelines [23]. Pre-
vious high response was defined as history of cycle
cancellation due to high response or history of signifi-
cant OHSS after controlled ovarian stimulation (COS).
To meet final inclusion criteria for the study, all subjects

recruited had to have > 14 follicles of over 11mm in diam-
eter [24] and peak E2 levels < 4000 pg/mL on the day of
trigger of oocyte maturation. Subjects with hypothalamic
dysfunction would not be expected to respond to GnRH
agonist trigger, and were excluded from the study. On the
day of trigger, subjects who had < 14 follicles at > 11mm
in diameter were thought to be at low risk for OHSS to
benefit from a GnRH agonist trigger and were excluded
from the study. Subjects with peak E2 levels ≥4000 pg/mL
were considered too high risk of OHSS for adjuvant hCG
and were also excluded from the study.

Randomization
Subjects who were recruited and consented for the study
were randomly assigned to one of the two groups in a
ratio of 1:1 by means of computer-generated random
numbers. Randomization of subjects into the appropri-
ate study groups was performed by the University Insti-
tutional Drug Services (IDS) with a series of
consecutively numbered sealed opaque envelopes, there-
fore concealing the sequence of allocation. The study
was blinded to both the clinical staff and the subjects.
Randomization occurred when subject’s leading follicle

was 14mm in mean diameter. This strategy allowed
enough time for the IDS to randomize the patient and
prepare the study medications for prompt delivery at the
time of trigger.
The subjects were randomly assigned to two groups:

Group 1 subjects received GnRH agonist (leuprolide
acetate 1 mg) and low dose hCG 1000 IU at the time of
trigger and then received the placebo at oocyte retrieval
(35 h after trigger). Group 2 subjects received GnRH
agonist (leuprolide acetate 1 mg) and placebo at the time
of trigger and then received low dose hCG 1500 IU at
the time of oocyte retrieval (35 h after trigger).

Study protocol
Eligible subjects were recruited by the research staff and
consented for the study prior to commencing an IVF cycle.
The treatment protocol has previously been described [22].

In brief, COS was achieved using a step-down protocol of
recombinant FSH (Follistim; Organon USA Inc., Roseland,
NJ, United States) with or without human menopausal go-
nadotropin (hMG; Menopur; Ferring Pharmaceuticals, Par-
sippany, NJ, United States) in a total dose of 112–225 IU/
day. The starting gonadotropin dose was based on age,
body mass index (BMI), day 3 FSH, AMH, antral follicle
count (AFC) and prior response to gonadotropins, and was
determined by their treating physician prior to enrollment
in the study. Subjects’ response was monitored during the
IVF cycle using serial transvaginal ultrasounds for follicular
measurements and serum E2, P and LH levels. The dose of
gonadotropin was adjusted according to the patient’s re-
sponse. GnRH antagonist (Ganirelix; Organon USA Inc.,
Roseland, NJ, United States) was started at 0.25mg sub-
cutaneously daily once the leading follicle reached ≥14mm
in diameter or serum E2 > 350 pg/mL and continued until
the day of oocyte maturation trigger. Subjects were trig-
gered with leuprolide acetate 1mg (Lupron; TAP Pharma-
ceuticals, North Chicago, IL, United States) subcutaneously
with hCG 1000 IU or placebo subcutaneously when at least
3 follicles reached ≥17mm in mean diameter. Serum LH,
E2, P levels were assessed the day after trigger to ensure ad-
equate LH surge response to GnRH agonist trigger [25].
Transvaginal ultrasound guided oocyte retrieval was per-
formed 35 h after the trigger injection and hCG 1500 IU or
placebo was administered. Embryo transfer was performed
3 (cleavage stage) or 5 (blastocyst stage) days after oocyte
retrieval based on embryo quality.
Subjects started IM P 50mg daily and transdermal E2

patches 0.3 mg every other day (Vivelle-Dot; Novartis
Pharmaceuticals, East Hanover, NJ, United States) from
the day after oocyte retrieval until a negative pregnancy
test or 10 weeks gestation. Serum P and E2 levels were
measured on day five (+ 5) and nine (+ 9) after GnRH
agonist trigger and at the time of pregnancy test, and then
weekly until 10 weeks gestation. The dose of E2 patches
was increased, if necessary, up to a maximum of 0.4mg
every other day and/or addition of oral micronized E2
(Estrace; Bristol-Myers, Princeton, NJ, United States) 2mg
by mouth twice daily to maintain serum E2 levels > 200
pg/mL. If needed, IM P was increased to a maximum dose
of 75mg IM daily and/or vaginal progesterone gel 90mg
daily (Crinone 8%; Juniper Pharmaceuticals) was added to
maintain serum P levels > 20 ng/mL.
All subjects were evaluated 9 days after GnRH agonist

trigger (mid-luteal) for signs and symptoms of OHSS as
well as ultrasound measurement of the ovarian volumes
and presence of fluid in pelvis or abdomen. The diagno-
sis of OHSS was based on the criteria by Golan et al.
[26]. Ovarian volume was calculated using the prolate el-
lipsoid formula (V = D1 x D2 x D3 × 0.523). The mean
ovarian volume was defined as the average volume of
the two ovaries ((V1+ V2)/2).
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Sample size
Sample size was originally calculated based on previously
reported live birth rate for each of the two selected proto-
cols. A previous study reported a 24% delivery rate follow-
ing hCG 1500 IU administration 35 h after GnRH agonist
trigger [18]. However, while this was not significantly dif-
ferent from standard hCG trigger live birth rate of 31%
[18], it was much higher than their previous reported clin-
ical pregnancy rate of 6% after GnRH agonist trigger alone
[8]. In a retrospective review of our GnRH agonist trigger
experience in high risk patients with peak E2 < 4000 pg/
mL, we reported a higher live birth rate after dual trigger
(GnRH agonist + hCG 1000 IU) compared with GnRH
agonist trigger alone (52.9% versus 30.9%) [13].
Based on a 0.05 two-sided significance level, we calcu-

lated that a sample size of 41 subjects in each group will
provide 80% power to detect a significant difference in
the live birth rates between the Group 2 proportion of
0.240 and a Group 1 proportion of 0.529.

Outcomes
The original primary outcome was live birth rate. Sec-
ondary outcomes included clinical pregnancy and on-
going pregnancy rates and OHSS. Other study endpoints
included implantation and miscarriage rates and
mid-luteal ovarian volumes and luteal phase hormone
profile. Clinical pregnancy rate was defined as the pres-
ence of a gestational sac with a fetal pole and fetal car-
diac activity on transvaginal ultrasound. Ongoing
pregnancy rate was defined as the presence of a gesta-
tional sac with a fetal pole and fetal cardiac activity on
transvaginal ultrasound which proceeds beyond 12 weeks
gestation. In view of the fact that the study was under-
powered, the we just report the findings of the study.

Statistical analyses
All randomized subjects were included in the analysis of
the primary efficacy endpoint (intention-to-treat ana-
lysis). For analyses of other outcome variables, only sub-
jects who were randomized and received the study
medication and underwent a fresh embryo transfer were
included (per-protocol analysis).
Statistical analyses were performed using the Statistical

Package for the Social Sciences (Release 24.0; SPSS, Chi-
cago, IL). Chi-square or Fisher exact tests were used for
categorical variables where appropriate. Independent
sample t-test or Mann-Whitney U was used for continu-
ous variables based on whether the data was normally
distributed. A binomial logistic regression was per-
formed evaluating live birth rate between Group 1 and
Group 2 controlling for covariates including age, BMI,
number of oocytes retrieved, number of embryos trans-
ferred and day of embryo transfer (day 3 or day 5).

Data are presented as mean ± SD unless otherwise
stated. All P values quoted are two-sided, and values <
0.05 were taken to indicate statistical significance.

Results
Participant flow
The study flow is presented in Fig. 1. A total of 89 subjects
were recruited and consented. Eighteen subjects were ex-
cluded prior to randomization. Seventy-one subjects were
randomized (Group 1 = 34, Group 2 = 37). Fourteen subjects
commenced treatment but discontinued intervention after
randomization. They were included in the intention-to-treat
analysis but excluded in the per-protocol analysis (Group 1
= 8, Group 2 = 6). A total of 57 subjects completed study
protocol and were included in the per-protocol analysis
(Group 1 = 26, Group 2 = 31).

Baseline and cycle characteristics
The two groups were comparable in mean age, BMI, day
3 FSH, AFC, proportion of patients with PCOS and pri-
mary cause of infertility (Table 1). The mean AMH in
the two groups was 8.3 ± 5.8 ng/ml in Group 1 and 8.4 ±
4.9 ng/ml in Group 2. The majority of patients in both
groups had serum AMH > 3.5 ng/ml, confirming that
both groups were comprised of subjects with high ovar-
ian reserve and therefore potential high responders.
The outcome of ovarian stimulation is presented in

Table 2. The duration of ovarian stimulation and total
dose of gonadotropin required were comparable in both
groups. A mean of 18.4 oocytes were retrieved in each
group, validating that both groups were high responders.
The proportion of mature oocytes, fertilization rates,
proportion of patients who had blastocysts transferred,
number of embryos frozen and proportion of embryos
frozen were similar both two groups. The number of
embryos transferred was not different between Group 1
and Group 2 (1.5 ± 0.5 versus 1.7 ± 0.5, p = 0.10).

Hormone profile
The luteal phase hormone profiles are shown in Table 3.
There were no differences between the two groups in the
serum E2 or P on the day of trigger. There was a rise in
serum LH approximately 12 h after GnRH agonist trigger
in both Group 1 (from 2.1 ± 1.5 to 75.0 ± 47.3 mIU/mL)
and Group 2 (from 2.3 ± 2.3 to 82.3 ± 50.0 mIU/mL), and
the differences between the two groups were not statisti-
cally significant. All patients in the study had optimal re-
sponses to the GnRH agonist trigger, defined as serum P
of > 3.5 ng/mL and LH > 15 IU/L post-trigger [25] and no
retrieval was cancelled for lack of surge.
There were no significant differences between the two

groups in the serum E2 or P levels five days after trigger. The
mean serum E2 level 9 days after trigger was significantly
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higher in Group 2 compared to Group 1, although the
serum P levels were not different.

Outcome measures
There were no differences in the live birth rates between
Group 1 and Group 2 by intention-to-treat (14/34, 41.2%

versus 21/37, 56.8%, p = 0.19) or per-protocol (14/26,
53.8% versus 19/31, 61.3%, p = 0.57) analyses (Table 4).
Subjects who were randomized but did not have a transfer
including those who froze all embryos were considered
not pregnant in the intention to treat analysis. Upon
adjusting for potential confounders using logistic

Fig. 1 Flowchart of participants in the study

Table 1 Baseline characteristics

Group 1 (n = 26) Group 2 (n = 31) P-value

Age 31.3 ± 3.3 32.2 ± 3.4 0.31

Parity (n) 0.1 ± 0.4 0.1 ± 0.4 0.94

BMI (kg/m2) 26.3 ± 4.8 27.4 ± 5.5 0.40

Antral follicle count (n) 22.2 ± 7.8 24.3 ± 12.4 0.48

Antral follicle count > 12 (n, %) 24/26 (92.3) 24/31 (77.4) 0.12

AMH (ng/ml) 8.3 ± 5.8 8.4 ± 4.9 0.98

AMH > 3.5 (n, %) 23/26 (88.5) 30/31 (96.8) 0.22

Baseline serum FSH (IU/L) 5.6 ± 1.7 5.2 ± 1.6 0.39

PCOS (n, %) 8/26 (30.8) 8/31 (25.8) 0.67

Primary cause of infertility (n, %) 0.22

Anovulation 20/26 (76.9) 18/31 (58.1)

Male Factor 3/26 (11.5) 2/31 (6.5)

Tubal disease 1/26 (3.8) 2/31 (6.5)

Unexplained 1/26 (3.8) 8/31 (25.8)

Others 1/26 (3.8) 1/31 (3.2)
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regression analysis, we obtained an adjusted odds ratio for
live birth of 0.65 ([95% CI 0.21–2.01], p = 0.45) when com-
paring Group 1 to Group 2, confirming that there was no
difference between the groups. There were no differences
in clinical or ongoing pregnancy rates or miscarriage rates
between the two groups. The twin clinical pregnancy rate
was 13.3% (2/15) and 31.8% (7/22) in Groups 1 and 2 re-
spectively. There was one case of ectopic pregnancy in
each group.
The incidence of OHSS was 3.8% (1/26) in Group 1

which was not significantly different from the incidence in
Group 2 of 9.7% (3/31). There was one case of mild OHSS
and no cases of moderate or severe OHSS in Group 1 and
three cases of moderate OHSS in Group 2. Additionally,
the mean ovarian volume was smaller in Group 1 than
Group 2 although the difference was not statistically sig-
nificant (77.6 ± 57.6 cm3 versus 100.1 ± 60.4 cm3, p = 0.13).

Discussion
The findings of this study suggest there are no differ-
ences in live birth rates between subjects who received
low dose hCG 1000 IU at the time of GnRH agonist trig-
ger and hCG 1500 given at the time of oocyte retrieval
after GnRH agonist trigger. However, this study is
underpowered in detecting differences in live birth rates
and therefore the results should be interpreted with

caution. More cases of moderate OHSS occurred in
women who received low dose hCG at time of oocyte re-
trieval, however, the differences were not significant.
In view of the reported low pregnancy rates after fresh

embryo transfer [8, 9] and excellent pregnancy rates fol-
lowing frozen thawed embryo transfer cycles after either
hCG or GnRH agonist trigger [11, 27, 28], elective cryo-
preservation of all oocytes or embryos has become an at-
tractive option after GnRH agonist trigger. However,
there are some patients who may still prefer fresh em-
bryo transfers because of financial pressures, insurance
coverage, or personal considerations. In addition, not all
IVF clinics have established successful embryo cryo-
preservation programs that can provide the same results
reported by the more experienced centers. It is therefore
incumbent upon us to optimize our luteal phase proto-
cols to improve implantation rates and enable fresh em-
bryo transfers while still taking advantage of GnRH
agonist trigger to decrease the risk of OHSS.
Corpus luteum dysfunction and early CL demise is the

underlying reason for the significantly low pregnancy
rates after GnRH agonist trigger. Intensive steroid luteal
support using exogenous E2 and P supplementation im-
proves pregnancy rates after GnRH agonist trigger [1,
16, 29, 30]. However, the benefit from intensive luteal
support does not extend to all patients triggered with

Table 2 Outcome of ovarian stimulation

Group 1 (n = 26) Group 2 (n = 31) P-value

Total dose of gonadotropins (IU) 1553 ± 431 1546 ± 527 0.96

Duration of ovarian stimulation (days) 8.6 ± 1.7 8.6 ± 1.4 0.83

Oocytes (n) 18.4 ± 5.9 18.4 ± 7.7 0.99

Proportion of mature oocytes (%) 85.2 ± 10.2 79.5 ± 16.9 0.18

Fertilization rate (%) 83.3 ± 11.4 80.3 ± 12.6 0.38

Embryos transferred (n) 1.5 ± 0.5 1.7 ± 0.5 0.10

Blastocyst transfer (n, %) 24/26 (92.3) 26/31 (83.9) 0.44

Embryos frozen (n) 3.3 ± 3.0 3.4 ± 3.4 0.91

Patients with frozen embryos (n, %) 21/26 (80.8) 23/31 (74.2) 0.56

Table 3 Hormonal profile

Group 1 (n = 26) Group 2 (n = 31) P-value

Serum E2 day of trigger (pg/mL) 2479.7 ± 1345.0 2373.0 ± 892.2 0.77

Serum P day of trigger (ng/mL) 1.0 ± 0.4 0.9 ± 0.3 0.54

Serum LH day of trigger (mIU/mL) 2.1 ± 1.5 2.3 ± 2.3 0.76

Serum LH post trigger (mIU/mL) 75.0 ± 47.3 82.3 ± 50.0 0.57

Serum P post trigger (ng/mL) 5.5 ± 3.6 4.8 ± 2.3 0.61

Serum E2 5 days after trigger (pg/mL) 1576.0 ± 800.3 1914.0 ± 914.8 0.14

Serum E2 9 days after trigger (pg/mL) 468.8 ± 304.0 895.6 ± 456.8 < 0.01

Serum P 5 days after trigger (ng/mL) 122.1 ± 222.2 103.1 ± 42.7 0.67

Serum P 9 days after trigger (ng/mL) 29.9 ± 29.7 30.1 ± 19.1 0.98
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GnRH agonist. Women with low serum LH and serum
E2 < 4000 pg/mL have a lower pregnancy rate compared
with women with peak E2 over 4000 pg/mL, despite in-
tensive steroid hormone support [14].
Adjuvant low-dose hCG has been proposed as an option

to rescue a few CL to improve luteal phase function and
improve pregnancy rates without increasing the risk of
OHSS [13, 15–18, 31, 32]. Our selection of the time and
dose of adjuvant hCG administration after GnRH agonist
trigger was based on two common approaches previously
described to improve pregnancy rates [32]. The purpose
of this study was to determine if one protocol has superior
pregnancy rates without increasing the risk of OHSS.
We selected a fixed dose of adjuvant hCG 1000 IU at

the time of GnRH agonist trigger for the study group
(Group 1) based on the assumption that it may be high
enough to rescue a few of the corpora lutea to optimize
conception rates, but not too high to rescue excessive
numbers of CL, thereby reducing the risk of significant
OHSS development [13]. The use of adjuvant hCG 1500
IU administered 35 h after GnRH agonist trigger is well
supported in the literature with similar pregnancy rates
compared with standard dose hCG trigger [18, 31, 32],
and was therefore selected as the control group (Group
2). Physiologically, this approach takes advantage of the
fact that luteinized granulosa cells obtained at the time
of oocyte retrieval after GnRH agonist trigger are viable
and have the same potential for hCG rescue as cells ob-
tained after hCG trigger [33]. Therefore, despite GnRH
agonist trigger, the corpus luteum responds to a bolus of
hCG administration 35 h later. A previous study had
compared GnRH agonist trigger and adjuvant low dose
hCG 1500 IU 12 h after trigger versus 35 h later and
showed a higher clinical pregnancy rate when given 35 h
after trigger [17].

Our study demonstrates that both the dose and timing
of the two adjuvant hCG protocols were optimal, as evi-
denced by the fact that there were no significant differ-
ences in pregnancy rates between the two protocols. The
addition of any dose of hCG may result in a higher inci-
dence of OHSS [20] and therefore it is essential to select
patients who will benefit from adjuvant low dose hCG
without increasing significantly their risk of developing
OHSS [34]. Those at highest risk of OHSS including pa-
tients with > 20 follicles or peak serum E2 > 4000 pg/ml,
may be candidates for GnRH agonist trigger alone and
freeze all oocytes or embryos, since such patients may
have a higher incidence of significant OHSS after low dose
adjuvant hCG use [21, 34]. While there were no statisti-
cally significant differences in the incidence of OHSS be-
tween the two groups, all the subjects with OHSS who
received hCG at the time of oocyte retrieval (Group 2)
had moderate OHSS in contrast to only one case of mild
OHSS in the dual trigger group (Group 1). Moreover, the
mid-luteal ovarian volume was smaller in the dual trigger
group, although the differences were not significant.
Therefore, for the prevention of OHSS, dual trigger with
adjuvant hCG 1000 IU at the time GnRH agonist trigger
may be preferable without compromising success. Further
studies can explore whether this may be due to the lower
dose of hCG or the earlier timing of administration.
The routine use of dual trigger with low dose hCG

may be advantageous since it may ensure retrieval of ap-
propriate number of mature oocytes in cases of failed
endogenous response to GnRH agonist trigger and
therefore this approach has been used even in oocyte
donors and patients who may be freezing all their em-
bryos [35]. In this study, there was no advantage of the
dual trigger approach in oocyte yield since all patients
had an optimal endogenous hormone rise to the GnRH

Table 4 Outcome measures

Group 1 Group 2 P-value

Primary end points

Live Birth Rate (intention to treat), n (%) 14/34 (41.2) 21/37 (56.8) 0.19

Live Birth Rate (per protocol), n (%) 14/26 (53.8) 19/31 (61.3) 0.57

Secondary endpoint (per protocol)

Clinical Pregnancy rate, n (%) 15/26 (57.7) 22/31 (71.0) 0.29

Ongoing Pregnancy Rate, n (%) 15/26 (57.7) 19/31 (61.3) 0.79

Mild/Moderate OHSS, n (%) 1/26 (3.8) 3/31 (9.7) 0.62

Other end points (per protocol)

Mid-luteal ovarian volume (cm3) 77.6 ± 57.6 100.1 ± 60.4 0.13

Implantation rate, n (%) 17/38 (44.7) 30/58 (57.6) 0.44

Positive pregnancy rate, n (%) 19/26 (73.1) 25/31 (80.6) 0.49

Overall Miscarriage rates, n (%) 5/19 (26.3) 6/25 (24) 0.86

Clinical Miscarriage rate, n (%) 1/15 (6.7) 3/22 (13.6) 0.63
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agonist trigger. Hence, the number of oocytes as well as
proportion of oocytes obtained were comparable in the
two protocols.
A major strength of this study is the prospective ran-

domized nature of the trial. Moreover, the study was
double blinded with the use of placebo and therefore the
subjects, physicians and researchers were blinded to the
assigned treatment groups. All the patients in the study
returned 9 days after trigger for an assessment of OHSS,
allowing an objective assessment of ovarian volume as
well as symptoms of OHSS. The main limitations of the
study include the relatively small sample size and also the
high number of patients excluded after randomization.
We did a post-hoc power calculation which showed that a
sample size of 85 subjects will be required to detect a sig-
nificant difference in the live birth rates per intention to
treat between Group 1 proportion of 0.41 and a Group 2
proportion of 0.56. The study is therefore underpowered
to determine differences between the two groups. In order
to allow enough time for low dose hCG and placebo prep-
aration and delivery during ovarian stimulation but before
the day of trigger, we randomized subjects prior to meet-
ing all the final inclusion criteria. It is also possible that
the different days and dosages of adjuvant hCG adminis-
tration do not truly allow direct comparison of dose and
timing of adjuvant hCG use. However, we selected these
two regimens to perform a comparison between two well
established protocols.
Although this study may be underpowered to determine

differences between the two groups, it has been argued
that some information is better than none and that a small
amount of inconclusive information may contribute to a
larger systemic review [36, 37], particularly when there are
no previous trials addressing this specific topic. When
sample size is constrained by logistic or recruitment bar-
riers, it has been suggested that reporting the results
within these constraints is a sensible choice [36, 37].
Despite the limitations, our study demonstrates that

adjuvant low dose hCG administered either at the time
of trigger or 35 h later results in excellent pregnancy
rates. This demonstrates that either protocol may be a
reliable option for patients at risk of OHSS who desire a
fresh transfer. While there were no significant differ-
ences between the two protocols, a lower dose of hCG
given earlier in the dual trigger protocol may be prefera-
ble in order to reduce the risk of OHSS development.
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