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Abstract

Purpose To summarize available evidence from randomized-controlled trials which have evaluated triggering of final oocyte
maturation with concomitant GnRH agonists and hCG in patients undergoing IVF, and to analyze whether dual triggering
is as efficacious as hCG triggering in terms of oocyte and pregnancy outcomes.

Methods A comprehensive literature search was performed to identify randomized-controlled trials comparing IVF out-
comes between women receiving combined administration of hCG with GnRH agonists and those receiving hCG alone for
triggering of final oocyte maturation.

Results Four studies including 527 patients eligible for inclusion in meta-analysis were identified. No significant difference
in the number of mature oocytes or fertilized oocytes retrieved was found between groups. Clinical pregnancy rate with dual
triggering was significantly higher as compared with hCG-alone triggering (pooled OR =0.48, 95% C1 0.31-0.77, P=0.002),
but there was no significant difference in the ongoing pregnancy rate between groups.

Conclusion Results of meta-analysis indicate comparable or significantly improved outcomes with the use of GnRH agonists
plus hCG as compared with hCG alone for triggering of final oocyte maturation.
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ration prior to retrieval and fertilization during in vitro
fertilization (IVF) is conventionally accomplished with a
single bolus of human chorionic gonadotropin (hCG) as a
surrogate luteinizing hormone (LH) surge. However, due to
the prolonged luteotrophic effect of hCG, hCG triggering is
associated with increased risk of ovarian hyperstimulation
syndrome (OHSS), a complication that can lead to severe
adverse events involving multiple organ systems in addition
to IVF cycle cancellation [1]. Multiple randomized-con-
trolled trials (RCTs) have evaluated gonadotropin-releasing
hormone agonists (GnRHa) as an alternative to hCG for
triggering final follicular maturation in IVF with controlled
ovarian stimulation using GnRH antagonists [2—-6]. Trigger-
ing with GnRHa has been shown to be beneficial in GnRH
antagonist protocols in preventing OHSS, likely due to the
shorter duration of LH surge that is induced, which ends
24 h after onset, compared with the surge induced by hCG,
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which lasts several days into the luteal phase [7, 8]. Findings
from a recent Cochrane review provide further support that
triggering with GnRHa instead of hCG in GnRH antago-
nist IVF cycles effectively prevents OHSS; however, the
meta-analysis also revealed that GnRHa triggering in fresh
autologous cycles was associated with a lower live birth rate,
a lower ongoing pregnancy rate, and a higher rate of early
miscarriage [1]. It has been postulated that the poorer preg-
nancy outcomes observed after GnRHa triggering might be
associated with its possible negative effect on luteal phase
function or endometrial receptivity [7].

Numerous studies have investigated variations in ovu-
lation triggering, including concomitant administration of
GnRHa and a reduced or standard dose of hCG (dual trig-
gering) to optimize oocyte maturity, blastulation rates, and
pregnancy outcomes [9—13]. It is hypothesized that trigger-
ing with GnRHa minimizes the risk of OHSS, while the
added hCG rescues luteal function. The purpose of this
study is to summarize available evidence from RCTs which
have evaluated triggering of final oocyte maturation with
concomitant GnRHa and standard dose hCG in patients
undergoing IVF, and to analyze whether dual triggering is
as efficacious as hCG triggering in terms of oocyte and preg-
nancy outcomes.

Materials and methods
Search methods

Computerized searches of MEDLINE, EMBASE, Cochrane
Controlled Trials Register, and ClinicalTrials.gov databases
were conducted in September 2016 using combinations of
the following keywords: gonadotropin-releasing hormone,
human chorionic gonadotropin, oocyte maturation, and
in vitro fertilization. The search was not restricted by lan-
guage or publication time. In addition, the bibliographies of
relevant publications were manually searched for potentially
eligible articles. Included articles were RCTs published in
full that compared the outcomes of dual triggering versus
hCG triggering of final oocyte maturation in women under-
going GnRH antagonist IVF treatment cycles. Duplicate
search results were excluded. Publications were excluded if
clearly not relevant based on review of title and/or abstract.
Abstract publications were excluded due to missing informa-
tion and inability to assess methodological quality.

Data extraction and quality assessment
Two reviewers independently extracted data from the
included studies. The methodological quality of each study

was assessed using the risk-of-bias assessment tool out-
lined in the Cochrane Handbook for Systematic Reviews
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of Interventions (version 5.1.0) [14]. Two reviewers sub-
jectively reviewed all studies and assigned a value of “low
risk”, “high risk”, or “unclear” to the following: (a) random
sequence generation, (b) allocation concealment, (c) blind-
ing (of patients, personnel, and assessor), (d) incomplete
outcome data, (e) selective reporting, and (f) inclusion of an
intention-to-treat analysis. Any discrepancies were resolved
after discussion with a third reviewer.

Outcome measures and data analysis

The primary outcomes for this meta-analysis were the num-
ber of mature (MII) oocytes, number of fertilized (2PN)
oocytes, pregnancy rate in completed cycles, and ongoing
pregnancy rate. Secondary outcomes were implantation
rate, the total number of oocytes retrieved, and number of
good-quality embryos. Odds ratios with 95% confidence
intervals (CIs) were calculated for dichotomous outcomes
(pregnancy rate and implantation rate) between patients in
the hCG plus GnRHa group and those in the hCG group
for each individual study and for all the studies combined.
Difference in means (DIM) with 95% CIs between the two
groups was calculated for continuous outcomes (the number
of mature oocytes, fertilized oocytes, oocytes retrieved, and
good-quality embryos). A y*-based test of homogeneity was
performed and the inconsistency index (/?) and Q statistics
were determined. Heterogeneity determined using the />
statistic was defined as follows: 0-24% =no heterogeneity;
25-49% = moderate heterogeneity; 50-74% =large hetero-
geneity; and 75-100% = extreme heterogeneity. Because the
number of studies included in the meta-analysis was small,
heterogeneity tests had low statistical power [15]. When tests
for heterogeneity are underpowered, random-effects mod-
els are routinely used [16]. The National Research Council
report recommends the use of random-effects approaches
for meta-analysis and the exploration of sources of variation
in study results [17]. Pooled effects were calculated, and a
two-sided P value < 0.05 was considered to indicate statisti-
cal significance. Sensitivity analyses for primary outcomes
were carried out using the leave-one-out approach. Publica-
tion bias analysis was not performed, because the number
of studies was too few to detect an asymmetric funnel [18].
All analyses were performed using Comprehensive Meta-
Analysis statistical software, version 2.0 (Biostat, Engle-
wood, NJ, USA).

Results

The article selection process is summarized in Fig. 1. After
the removal of duplicates, 368 references were identified
and screened. Articles were excluded based on title or upon
abstract or full-text review due to non-randomized study
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Studies included in meta-analysis: n =4

Fig. 1 Study flow diagram

design, publication not in full, or comparisons not of inter-
est. Four RCTs were deemed eligible and included in the
meta-analysis [9—-12].

Study characteristics

The four RCTs included a total of 527 infertile women: 263
patients were triggered with hCG alone and 264 patients
with concomitant hCG and GnRHa. Baseline demographics
and triggering interventions of the studies are presented in
Table 1. All patients were treated with a GnRH antagonist
protocol. Oocyte maturation was triggered when at least one
follicle reached a diameter > 19 mm [11], when > 1 follicles
reached a mean diameter of > 18 mm [10], when 3 follicles
reached a diameter of > 17 mm [9], or when >3 follicles
reached a diameter of > 18 mm [12]. For hCG-alone trigger-
ing, a standard dose of hCG (5000 or 10,000 IU) was admin-
istered in 3 trials [9, 11, 12], and 250 pg of recombinant

hCG (rhCG; equivalent to standard dose hCG) was used
in 1 trial [10]. For dual triggering, triptorelin 0.1 or 0.2 mg
[9-11] or leuprolide acetate 1 mg [12] was administered
concomitantly with hCG. Embryo transfer was performed on
day 3 by Decleer et al., Kim et al., and Mahajan et al. Day of
embryo transfer was not reported by Schachter et al. Preg-
nancy outcomes were reported after fresh embryo transfer
[9-11]. Mahajan et al. [12] did not report pregnancy out-
comes. Dosages of progesterone administered vaginally for
luteal phase support included low dose (400 mg micronized
progesterone daily) [11], standard dose (90 mg gel form
daily) [10], and high dose (200 mg micronized progesterone
3 times daily) [9].

Assessment of risk of bias in included studies

Risk of bias in the included studies is summarized in Fig. 2.
All four RCTs were rated as having low risk of bias related
to random sequence generation. It was unclear whether allo-
cation concealment was used in the Schachter et al. [11]
study. The studies conducted by Kim et al. and Schachter
et al. clearly reported lack of blinding of investigators and
were deemed to be at high risk of bias related to blinding.
Three studies did not clearly report on blinding of outcome
assessment and were rated as having unclear risk of bias [9,
10, 12]. All four studies were rated as having low risk of
attrition bias and reporting bias; however, only one study
[11] clearly reported that intention-to-treat analysis was
used.

Primary outcomes

Three of the four included studies reported number of MII
and 2PN oocytes [9, 10, 12]. The mean number of MII
oocytes retrieved ranged from 7.2 to 9.2 after hCG trigger-
ing and from 8.4 to 10.3 after dual triggering with no sig-
nificant difference between groups in each study. The result
of the meta-analysis showed no significant difference in the
number of MII oocytes retrieved between patients in the
hCG plus GnRHa group and those in the hCG-alone group
(pooled DIM =—0.45, 95% CI — 1.34-0.44, P=0.325) with
no heterogeneity in the number of MII oocytes observed
(O statistic=1.194, >=0%) (Fig. 3a). The mean number
of 2PN oocytes retrieved also did not differ significantly
between groups in each study, ranging between 5.6 and 8.6
after hCG triggering and between 5.9 and 8.8 after dual
triggering [9, 10, 12]. Figure 3b summarizes the difference
in the number of 2PN oocytes retrieved between the two
groups, with a pooled DIM of —0.47 (95% CI —1.26-0.32,
P=0.245). Test of heterogeneity showed no heterogeneity
among the three studies (Q statistic=1.393, P=0%).
Rates of pregnancy in completed cycles with dual and
hCG triggering were reported by Kim et al. (53.3% vs 33.3%,
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Table 1 Basic characteristics of studies included in the meta-analysis

First author (year) Criteria No. of patients Interventions  Dosage Mean age (year) Mean
BMI (kg/
m?)
Mahajan (2016) [12] Aged 24-43 years with 38 hCG triggering hCG 10,000 IU 33.1 24.2
anti-Miillerian hormone 38 Dual triggering Leuprolide acetate 1 mg 324 25.8
<4 ng/ml, antral follicle plus hCG 5000 TU
counts/ovary <12
Decleer (2014) [9] Tubal or male infertility, 59 hCG triggering hCG 5000 IU 30.5 23.5
BMI<32, age <38 years, ¢ Dual triggering Triptorelin 0.2 mg plus 30 23.8
absence of major endo- hCG 5000 TU
crinological pathology,
first, second, and third
IVF cycles
Kim (2014) [10] Good health, with normal 60 hCG triggering rhCG 250 pg plus placebo ~ 35.8 21.4
thyro.id, hepatic, and renal g0 Dual triggering Triptorelin 0.1 mg plus 36.2 21.7
function thCG 250 pg
Schachter (2008) [11] Infertile patients needing 106 hCG triggering hCG 5000 IU 33.7 NA
IVF-ET who had failed 105 Dual triggering Triptorelin 0.2 mg plus 347 NA
at least one previous hCG 5000 TU

IVF-ET cycle on GnRH
agonist long protocol

BMI body mass index, h/CG human chorionic gonadotropin, /U international unit, 72CG recombinant human chorionic gonadotropin, /VF
in vitro fertilization, /VF-ET in vitro fertilization-embryo transfer, GnRH gonadotropin-releasing hormone, NA not applicable

A

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)
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Fig.2 Risk-of-bias summary. Methodological quality items presented as percentages across all included studies (a) and methodological quality

items for each included study (b)

respectively; P=0.027) [10] and Schachter et al. (40.9% vs
28.3%, respectively; P=0.07) [11]. While Schachter et al.
did not describe the definition of pregnancy used, Kim
et al. defined clinical pregnancy as a positive hCG serum
test with transvaginal ultrasonographic evidence of a ges-
tational sac [10, 11]. In the pooled analysis, the pregnancy
rate in completed cycles in the hCG plus GnRHa group was
significantly higher as compared with patients in the hCG
group (pooled OR=0.48, 95% CI1 0.31-0.77, P=0.002) with
no heterogeneity between the studies (Q statistic=0.118,
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I’=0%) (Fig. 3c). Ongoing pregnancy rates with dual and
hCG triggering were reported by Decleer et al. (31.1% vs
44.1%, respectively; P=NS) [9] and Schachter et al. (36.1%
vs 22.3%, respectively; P=0.046) [11] Decleer et al. defined
ongoing pregnancy as a positive hCG serum test with confir-
mation on ultrasound 23 days after embryo transfer [9]. Defi-
nition of ongoing pregnancy was not provided by Schachter
et al. [11]. There was no significant difference in the ongo-
ing pregnancy rate between the two groups in the pooled
analysis (pooled OR =0.88, 95% CI 0.29-2.66, P =0.826)
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A Mature (MII) oocytes

Statistics for each study Relative
First author (year) Difference in Lf)w.er U.pp.er Z-Value P-Value Difference in means with 95% CI weight
means limit limit
Mahajan (2016, n=76) -1.20 -3.24 0.84 -1.16 0.248 = 19.273
Decleer (2014, n=120) -1.10 -3.52 1.32 -0.89 0.372 - 13.684
Kim (2014, n=120) -0.10 2119 099 -0.18  0.858 t 67.043
Pooled effect (Total n=316) -0.45 -1.34 0.44 -0.98 0.325
. -4.00 -2.00 0.00 2,00 4.00
Heterogeneity test
Favors hCG + GnRHa Favors hCG alone
Q=1.194, df =2, P=0.550, I-square =0%
Group Group
B Fertilized (2PN) oocytes
Statistics for each study Relative
First author (year) Difference in Lf)w.er U})p?r Z-Value P-Value Difference in means with 95% CI1 weight
means limit limit
Mahajan (2016, n=76) -0.30 -2.00 1.40 -0.35 0.729 = 21.607
Decleer (2014, n=120) -1.40 -3.14 0.34 -1.57 0.115 - 20.526
Kim (2014, n=120) -0.20 -124 084 038  0.706 t 57.867
Pooled effect (Total n=316) -0.47 -1.26 0.32 -1.16 0.245
. -4.00 -2.00 0.00 2.00 4.00
Heterogeneity test
Favors hCG + GnRHa Favors hCG alone
Q=1.393, df =2, P=0.498, I-square =0%
Group Group
C Pregnancy rate in completed cycles
l:: ‘::;)l:ro';f :vt?:xt:i Statistics for each study Relative
First author (year) P Odds ratio with 95% CI weight
hCG + hCG alone  Odds ratio L?w.er U.pp.er Z-Value P-Value
GnRHa limit limit
Kim (2014, n=120) 32/60 20/ 60 0.44 0.21 0.92 -2.19 0.028 38.483
Schachter (2008, n=200) 43/97 30/103 0.52 0.29 0.93 222 0.026 61.517
Pooled effect (Total n=320) 75/157  50/163 0.48 0.31 0.77 -3.10  0.002
. 0.1 0.2 0.5 1 2 5 10
Heterogeneity test
Favors hCG + GnRHa Favors hCG alone
Q=6.148, df =1, P=0.731, I-square =0%
Group Group
D Ongoing pregnancy rate
l\ll l::::::_rl;;f ‘::::;Z Statistics for each study Relative
First author (year) G T P: y T Odds ratio with 95% CI weight
. ower pper g
GnRHa hCG alone  Odds ratio limit limit Z-Value P-Value
Decleer (2014, n=120) 19/61 26/59 1.74 0.83 3.68 1.46 0.145 48.527
Schachter (2008, n=200) 35/97 23/103 0.51 0.27 0.95 -2.13 0.033 50.921
Pooled effect (Total n=320) 54/158 49/162 0.88 0.29 2.66 -0.22 0.826
Heterogeneity test 01 0:2 0.5 1 2 & 1
Favors hCG + GnRHa Favors hCG alone
Q=5.623,df =1, P=0.018, I-square =82.22%
Group Group

Fig. 3 Forest plots comparing primary outcomes between hCG + GnRHa (dual) triggering and hCG-alone triggering: number of mature oocytes
(a), number of fertilized oocytes (b), pregnancy rate in completed cycles (c), and ongoing pregnancy rate (d)
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(Fig. 3d). Extreme heterogeneity in the ongoing pregnancy
rate between the studies was found (Q statistic=15.623,
F=82.22%).

Secondary outcomes

Implantation rates were not significantly different between
the dual trigger group and hCG trigger group as reported
by Schachter et al. (21.1% vs 17.1%, respectively) [11] and
Decleer et al. (22% vs 34%, respectively) [9]. Kim et al.
reported an implantation rate of 24.7% with dual trigger-
ing and 14.9% with hCG triggering, with a statistically sig-
nificant difference between groups (P =0.006) [10]. In the
pooled analysis, no evidence was found of differences in the
rate of implantation between groups (pooled OR=0.83, 95%
CI10.43-1.61, P=0.579) (Table 2). Extreme heterogeneity
in the implantation rate among the studies was found (Q
statistic =8.368, I’ =76.10%).

Kim et al., Schachter et al., and Mahajan et al. provided
data of the total number of oocytes retrieved and good-
quality embryos and were included in the meta-analysis
[10-12]. Good-quality embryo was defined as an embryo
good for transfer and cryopreservation (usable embryo)
by Mahajan et al. [12] and as an embryo of grade 1 or 2
by Kim et al. [10]. No heterogeneity between the studies
was found (I=35.29% for the total number of oocytes
retrieved, I*=0% for the number of good-quality embryos)
(Table 2). The result of the meta-analysis revealed that there
was no significant difference in the total number of oocytes
retrieved between patients triggered with hCG alone and
those receiving hCG plus GnRHa (pooled DIM =—0.32,

95% CI —1.26-0.62, P=0.507). However, patients treated
with hCG plus GnRHa had a significantly larger amount
of good-quality embryos as compared with patients in the
hCG group (pooled DIM=-0.24, 95% CI —0.46 to — 0.02,
P=0.032).

Sensitivity analysis

Sensitivity analyses were performed using the leave-one-out
approach in which the meta-analysis of primary outcomes
reported in at least three studies was performed with each
study removed in turn (Table 3). The direction and magni-
tude of combined estimates on MII oocytes and 2PN oocytes
did not vary markedly with the removal of the studies, indi-
cating that the meta-analysis data were robust and not overly
influenced by any one study.

Discussion

Meta-analysis of data from RCTs found that the use of dual
triggering in women undergoing IVF following a GnRH
antagonist protocol was similarly efficacious in terms of
oocyte and pregnancy outcomes as compared with hCG-
alone triggering. Pooled analyses showed no significant
difference between groups in terms of the number of total
oocytes retrieved, the number of MII oocytes retrieved, the
number of 2PN oocytes retrieved, implantation rate, or ongo-
ing pregnancy rate. Pooled analysis showed a significantly
higher number of good-quality embryos and a significantly

Table 2 Meta-analysis for

Heterogeneity Pooled results
secondary outcomes
Number of Q statistic  I? (%)  Effect size (95% CI) P value
studies
Implantation rate 3 8.368 76.10 0.83(0.43,1.61) 0.579
Number of oocytes retrieved 3 3.091 35.29 —-0.62 (—1.98,0.75) 0.376
Number of good-quality embryos 3 0.197 0.00 —-0.24 (-0.46, —0.02) 0.032
Table 3 Sensitivity analysis First author (year) Statistics with study removed
Points Lower limit Upper limit Z value P value
Mature (MII) oocytes
Mabhajan (2016) [12] -0.27 —-1.26 0.73 -0.53 0.595
Decleer (2014) [9] -0.35 —-1.31 0.62 -0.70 0.481
Kim (2014) [10] —1.16 -2.72 0.40 —1.46 0.145
Fertilized (2PN) oocytes
Mahajan (2016) [12] -0.51 —1.41 0.38 -1.13 0.258
Decleer (2014) [9] -0.23 —1.11 0.66 -0.50 0.615
Kim (2014) [10] —-0.84 —-2.05 0.38 —-1.35 0.178
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higher rate of pregnancy in completed cycles with dual trig-
gering than with hCG-alone triggering.

Several studies have reported the retrieval of a higher total
number and higher number of mature oocytes and better
quality embryos after triggering with GnRHa than after the
conventional triggering with hCG [3, 5, 19, 20]. This might
be explained by the ability of GnRHa to induce the release
of both endogenous LH and follicle stimulating hormone
(FSH), which more physiologically mimics the natural cycle
surge [21]. In an RCT conducted by Ifarra et al. [13], which
was not published in full and, therefore, was excluded from
the current analysis, a significantly higher oocyte recovery
rate was reported with dual triggering (0.2 mg triptorelin
plus 250 pg rhCG) than with hCG-alone triggering. While
the number of total, mature, and fertilized oocytes retrieved
was numerically higher with dual than hCG-alone triggering
in the studies included in the current analysis, the differences
did not reach statistical significance within the individual
studies or in the pooled analysis. The number of good-qual-
ity embryos, however, was found to be significantly higher
with dual triggering in the pooled analysis. The comparable
or improved oocyte outcomes reported in the included RCTs
are supported by the results from retrospective studies com-
paring dual and hCG-alone triggering, which have shown
that the number of total, mature, and fertilized oocytes
retrieved and good-quality embryos were similar or signifi-
cantly higher with dual triggering [22-25]. Thus, evidence
suggests that the beneficial effects of GnRHa triggering on
oocyte outcomes are maintained with the addition of hCG
in dual triggering.

Though controversial, some studies have suggested
reduced implantation and pregnancy rates in IVF cycles fol-
lowing a GnRH antagonist protocol as opposed to one using
a GnRHa [26]. Due to the relatively stronger binding affinity
to GnRH receptors of GnRHa than GnRH antagonists, it
has been hypothesized that in GnRH antagonist protocols,
the administration of GnRHa can displace the antagonist
from the receptor in the endometrium, and activation of the
previously blocked GnRH receptor could lead to improve-
ment in implantation [11, 27]. The results of meta-analysis,
however, do not strongly support the implantation-enhanc-
ing effects of triggering with GnRHa plus hCG over hCG
alone. Of the included RCTs, only Kim et al. [10] reported
a significantly higher implantation rate with dual triggering
than with hCG triggering. Schachter et al. [11] reported a
numerically higher implantation rate, while Decleer et al.
[9] reported a numerically lower implantation rate with dual
triggering, though the difference in rate with hCG trigger-
ing did not reach significance in either study. Interestingly,
dual triggering resulted in a significantly higher implantation
rate than hCG triggering in retrospective studies conducted
by Lin et al. (29.68% vs 18.43%; P <0.001) [22] and Seval
et al. (41.0% vs 27.4%; P=0.01) [24]. However, owing to

the possibility of bias inherent in studies with retrospective
design, these findings would be considered less reliable than
those of RCTs.

Inferior pregnancy outcomes have been observed for
GnRHa-triggered IVF cycles when compared with hCG
triggered cycles in GnRH antagonist-based protocols [3, 4,
28]. A recently updated Cochrane review reported signifi-
cantly decreased ongoing pregnancy rate (OR 0.70; 95% CI
0.54-0.91) and live birth rate (OR 0.47; 95% C1 0.31-0.70)
and a significantly higher rate of early miscarriage (OR 1.74;
95% CI 1.10-2.75) with the use of a GnRHa trigger as com-
pared with hCG trigger in fresh IVF autologous cycles [1].
The poorer outcomes are potentially due to a detrimental
effect on endometrial receptivity secondary to defective
corpus luteum function or early luteolysis resulting from
the shorter LH surge induced by GnRHa; therefore, the co-
administration of hCG is believed to restore corpus luteum
function and to improve conception rates with GnRHa trig-
gering [29]. Indeed, meta-analysis results are in support of
this theory as the pregnancy rate in completed cycles with
dual triggering was significantly higher than with hCG trig-
gering, and ongoing pregnancy rate was similar between
groups. Similar pregnancy rates with dual and hCG trigger-
ing were also demonstrated in the RCT conducted by Ifarra
et al. [13]. Furthermore, although baby take-home rate is the
gold standard primary outcome in IVF studies, live birth rate
per cycle was reported only by Kim et al., and was found to
be significantly higher with dual triggering than with hCG
triggering (50.0% vs 30.0%, respectively; P=0.025). The
benefit of adjuvant hCG to GnRHa triggering in regard to
pregnancy outcomes is further supported by findings from
retrospective studies, which have consistently demonstrated
significantly higher rates of clinical pregnancy and live birth
rates [22-24].

Possible corpus luteal deficiency and luteal phase insuf-
ficiency, characterized by inadequate secretion of proges-
terone during the luteal phase, may induce early pregnancy
loss when GnRHa is administered for oocyte maturation in
GnRH antagonist cycles [3, 10, 28]. Therefore, it has been
suggested that adequate luteal phase support appropriate to
the triggering regimen used is likely to be a critical variable
that affects the pregnancy rate [30]. In an RCT conducted
by Humaidan et al., a 1500 IU bolus of hCG administered
after GnRHa triggering was shown to rescue the luteal phase
[5]. Furthermore, compared with GnRHa-alone trigger fol-
lowed by standard luteal support, ongoing pregnancy rate
was shown to be significantly higher with GnRHa plus low-
dose hCG trigger followed by standard luteal support and
with GnRHa trigger followed by enhanced luteal support
[31]. Interestingly, in the studies included in the current
pooled analysis, pregnancy outcome trended in favor of the
dual trigger group in studies using low [11] and standard
[10] dose of progesterone for luteal phase support, while
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pregnancy rate was numerically more in favor of the hCG-
alone trigger group in the Decleer et al.’s [9] study in which
high-dose luteal phase support was used. The lack of corre-
lation between luteal phase support intensity and pregnancy
outcome could suggest that with dual triggering, the hCG
bolus has a greater role in the rescuing of corpus luteum
function than progesterone supplementation. This finding
further supports dual triggering as an effective strategy to
salvage luteal defect and restore endometrial receptivity.

A potential disadvantage of dual triggering is the possible
increased risk of OHSS due to the use of hCG. With hCG
triggering, incidence of OHSS has been reported to be as
high as 31% in women at high risk for OHSS, whereas the
risk of OHSS is essentially eliminated with GnRHa trigger-
ing [2, 29, 32]. Triggering with GnRHa is associated with
a significantly lower risk of OHSS of any grade than with
hCG alone, as shown in a meta-analysis of 8 RCTs involv-
ing patients undergoing fresh autologous cycles (OR 0.15,
95% C10.05-0.47) [1]. Furthermore, the risk of OHSS with
dual triggering may be related to the dose of hCG used.
In a large retrospective cohort analysis including 8790 IVF
cycles, Lu et al. reported two cases of moderate-to-severe
OHSS in patients triggered with triptorelin 0.1-0.2 mg plus
hCG 5000 IU, while there were no cases of OHSS in the
dual trigger groups using hCG 1000 or 2000 IU [25]. Only
two of the RCTs included in the current analysis, both using
standard dose hCG, reported the incidence of OHSS [9, 10].
OHSS did not occur in any patient in the Decleer et al.’s
study, and in the Kim et al.’s study, incidence of severe
OHSS was 3.3% (2/60) in both the dual triggering and the
hCG triggering groups. The low rate of OHSS occurrence
may have been due to the exclusion of patients with poly-
cystic ovary syndrome (PCOS) which has been associated
with an increased risk of OHSS [33]. The presence of other
primary risk factors associated with OHSS, including his-
tory of PCOS and elevated anti-Miillerian hormone (AMH)
[33], was not reported in these studies. In a retrospective
study comparing dual triggering (leuprolide acetate 1 mg
plus hCG 1000 IU) and GnRHa-alone triggering in high
responders, Griffin et al. reported a low rate of OHSS (1/34;
2.9%) in patients receiving dual triggering, which was not
significantly different from the OHSS rate with GnRHa-
alone triggering [34]. In another retrospective study of high
responders who were at a relatively high risk for OHSS
(elevated E2 and large number of follicles on the day of trig-
ger), Shapiro et al. reported 1 case of OHSS in 182 patients
(0.55%) with dual triggering (leuprolide acetate 4 mg plus
hCG 1000 to 2500 IU) and none with GnRHa-alone trig-
gering [31]. In contrast, a retrospective study conducted by
O’Neill et al. found a significantly higher incidence of OHSS
in high responders after dual trigger (leuprolide acetate 4 mg
plus hCG 1000 IU) than GnRHa-alone trigger (8.6 vs. 0%,
P <0.01), with 4 of the 6 patients who developed OHSS
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developing severe OHSS [35]. As the existing evidence does
not provide a clear association between dual triggering and
the risk of OHSS, particularly in patients at high risk of
OHSS, further study in controlled trials with more selective
patient inclusion is required to better elucidate the risk of
OHSS following dual triggering relative to triggering with
hCG or GnRHa-alone, and whether the risk is related to the
hCG dose used.

The present meta-analysis has a number of limitations
that warrant consideration. First, only four studies were eli-
gible for inclusion and at most three studies reported results
for each of the analyzed outcomes. Second, the quality of
the studies was only moderate overall, as blinding of par-
ticipants and assessors was not done or not specified. Third,
as the included studies did not select for patients at high
risk of OHSS and were likely underpowered to detect the
difference in the risk of OHSS between groups, these stud-
ies do not contribute to further understanding of OHSS risk
reduction with dual triggering, which is the primary reason
for avoiding the conventional hCG triggering. Finally, live
birth rate, undoubtedly the most important outcome meas-
ure of IVF treatment, was only reported in one study. In
future study, a three-armed randomized trial comparing dual,
hCG-alone, and GnRHa-alone triggering with more specific
patient selection would provide a clearer understanding into
the differences in clinical outcomes and OHSS risk among
the three regimens.

Conclusion

All studies published at the time of this review, either of
randomized or retrospective design, showed comparable or
significantly improved oocyte (number of total, mature, and
fertilized oocytes, and good-quality embryos) and pregnancy
(implantation, clinical pregnancy, and ongoing pregnancy
rates) outcomes with the use of GnRHa plus hCG as com-
pared with hCG alone for triggering of final oocyte matura-
tion. Though the rate of OHSS reported with dual triggering
is low, further study is needed to better understand the asso-
ciation between dual triggering and OHSS risk as well as
the difference in risk between dual triggering and triggering
with GnRHa or hCG alone. Overall, current evidence sug-
gested that dual triggering with concomitant GnRHa and a
standard bolus of hCG is a promising option for final oocyte
maturation in fresh autologous in GnRH antagonist cycles
for IVF.
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