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Introduction: The use of GnRH agonist (GnRHa) for final oocyte maturation trigger in
oocyte donation and elective frozen embryo transfer cycles is well established due to
lower ovarian hyperstimulation syndrome (OHSS) rates as compared to hCG trigger.
A recent Cochrane meta-analysis concluded that GnRHa trigger was associated with
reduced live birth rates (LBRs) in fresh autologous IVF cycles compared to hCG trigger.
However, the evidence is not unequivocal, and recent trials have found encouraging
reproductive outcomes among couples undergoing GnRHa trigger and individualized
luteal LH activity support. Thus, the aim was to compare GnRHa trigger followed by luteal
LH activity support with hCG trigger in IVF patients undergoing fresh embryo transfer.

Material and methods: \We conducted a systematic review and meta-analysis of ran-
domized trials published until December 14, 2016. The population was infertile patients
submitted to IVF/ICSI cycles with GnRH antagonist cotreatment who underwent fresh
embryo transfer. The intervention was GnRHa trigger followed by LH activity luteal phase
support (LPS). The comparator was hCG trigger followed by a standard LPS. The critical
outcome measures were LBR and OHSS rate. The secondary outcome measures were
number of oocytes retrieved, clinical and ongoing pregnancy rates, and miscarriage
rates.

Results: A total of five studies met the selection criteria comprising a total of 859
patients. The LBR was not significantly different between the GnRHa and hCG trigger
groups (OR 0.84, 95% CI 0.62, 1.14). OHSS was reported in a total of 4/413 cases in
the GnRHa group compared to 7/413 in the hCG group (OR 0.48, 95% CI 0.15, 1.60).
We observed a slight, but non-significant increase in miscarriage rate in the GnRHa
triggered group compared to the hCG group (OR 1.85; 95% CI 0.97, 3.54).
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Conclusion: GnRHa trigger with LH activity LPS resulted in comparable LBRs com-
pared to hCG trigger. The most recent trials reported LBRs close to unity indicating that
individualization of the LH activity LPS improved the luteal phase deficiency reported
in the first GnRHa trigger studies. However, LPS optimization is needed to further limit
OHSS in the subgroup of normoresponder patients (<14 follicles > 11 mm).

Prospero registration number: CRD42016051091

Keywords: in vitro fertilization, intracytoplasmic sperm injection, ovarian stimulation, ovulation induction,
gonadotropin-releasing hormone agonist trigger, luteal phase support, live birth rate, ovarian hyperstimulation

syndrome

INTRODUCTION

GnRH agonist (GnRHa) trigger for final oocyte maturation sig-
nificantly reduces the risk of ovarian hyperstimulation syndrome
(OHSS) in both fresh transfer and segmentation IVF/ICSI cycles
(1, 2). Despite being well established as first-line treatment in
oocyte donation and segmentation cycles, the use of GnRHa trig-
ger for fresh embryo transfer cycles remains subject to debate due
to equivocal results concerning the reproductive outcomes (2).
Importantly, the lower reproductive outcomes seen during the
first randomized controlled trial (RCT) using GnRHa trigger were
caused by a severe luteal phase deficiency that was not overcome
by a standard luteal phase support (LPS) (3, 4). The pathophysi-
ological mechanism behind the luteal phase insufficiency was
low-circulating endogenous LH levels after the GnRHa trigger,
leading to corpus luteum demise and consequently suboptimal
progesterone levels at peri-implantation (5-7). Consequently,
this finding led to the development of a modified LPS, which
has proven to be mandatory to obtain reproductive outcomes
comparable to those seen after hCG trigger (5). During the last
decade, two different modified LPS strategies have been proposed
to overcome the aforementioned luteal phase deficiency (7). One
of these approaches has been called the “European approach” in
which the endogenous steroid (progesterone and estradiol) pro-
duction by the corpora lutea is boosted by exogenous LH activity,
i.e,, LH or hCG after GnRHa trigger. The other approach has been
called the “American approach” in which luteal progesterone and
estradiol are administered exogenously, thus, disregarding the
function of the corpora lutea (7).

Despite the efforts to optimize the LPS after GnRHa trigger,
a recent Cochrane review and meta-analysis concluded that
GnRHa as a final oocyte maturation trigger in fresh autologous
cycles is associated with a lower live birth rate (LBR), a lower
ongoing pregnancy rate (pregnancy beyond 12 weeks), and a
higher early miscarriage rate (less than 12 weeks) compared to
hCG trigger (2). In the Cochrane review, it was suggested that the
use of a GnRHa trigger would be useful, only, in cases in which
a freeze-all strategy (segmentation) would be implemented (for
whatever reason), for oocyte donor cycles and in fertility preser-
vation patients (2).

As Cochrane reviews are internationally recognized standards
for evidence-based health care, many fertility specialists subse-
quently have opted to segment the cycle whenever a GnRHa
trigger is applied. However, the conclusion that GnRHa trigger

should not be used in fresh transfer cycles was subsequently criti-
cized due to the pooled analyses of heterogeneous studies, using
different LPS policies, or no LPS at all after GnRHa trigger (8).
Since the clinical decision to change to GnRHa trigger instead
of hCG trigger in fresh transfer GnRH antagonist cycles has been
a matter of debate, and due to the clinical implications of such an
intervention, the role of GnRHa trigger followed by LH activity
luteal phase support (LPS) needs to be re-examined in view of the
new evidence that has emerged after the publication of the latest
Cochrane review. We, therefore, conducted a systematic review to
aggregate the existing data on the effect of GnRHa trigger and LPS
in fresh embryo transfer IVF/ICSI cycles, using meta-analysis as
a method. The aims were to summarize the evidence for each
outcome investigated and rate its strength based on GRADE.

MATERIALS AND METHODS

We adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (9) and added
the PRISMA checklist in the Supplementary Material. The study
protocol is accessible at http://www.crd.york.ac.uk/PROSPERO/
with registration number CRD42016051091.

Search Strategy

The literature search was performed in MEDLINE/PubMed and
Embase databases from 1974 to December 14, 2016, with the
assistance of a trained research librarian. The search strategy is
provided as Supplementary Material. We limited the search to
RCTs published in English, comparing hCG versus GnRHa trigger
in infertile patients, undergoing controlled ovarian stimulation
for IVF or ICSI in GnRH antagonist co-treated cycles. Cross-over
trials and conference abstracts were not considered.

Selection of Studies and Validity

Assessment

The selection criteria are described according to PICO (Patients,
Intervention, Comparison, and Outcomes) questions, provided
in Table S1 in Supplementary Material. Articles were only
included if they investigated LPS, which specifically means,
luteal supplementation with LH activity in the form of either
exogenous hCG or LH to boost the endogenous steroid produc-
tion. The reason stems from the overwhelming evidence against
conventional LPS in GnRHa triggered fresh embryo transfer
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IVE/ICSI cycles (2, 3, 7). Furthermore, we did not include dual
trigger studies because this concept is physiologically different
from GnRHa trigger and LPS (10). Oocyte donation and frozen-
thawed embryo transfer cycles were also excluded. Citations
were managed in Covidence© (Vertitas Health Innovation Ltd.).
Duplicates were removed, and subsequently all citations were
screened by title and abstract by two independent reviewers (Thor
Haahr and Matheus Roque). Any discrepancies were solved by
agreement, and if needed they reached consensus with the senior
authors (Sandro C. Esteves and Peter Humaidan). Thereafter, the
full texts of eligible RCTs were obtained. The authors evaluated
the studies’ eligibility and subsequently extracted the data after
the Cochrane risk of bias tool was used to assess the risk of bias
in the included studies.

Data Extraction

Data was extracted in summary of finding (SOF) tables both
individually for each study and also compiled for each outcome
(Supplementary SOF tables). The critical outcome measures were
LBR and OHSS rate. The secondary outcome measures were the
number of oocytes retrieved, the number of M2 oocytes, the
number of high-quality embryos, clinical pregnancy rate, miscar-
riage rate, and ongoing pregnancy rate. Authors of incomplete
datasets were contacted to request that they provided live birth
data for this meta-analysis (5, 11). Unfortunately, we could not
extract relevant data on M2 oocytes from the included studies.

The GRADE quality of evidence was used to determine the
strength of evidence for each outcome according to the GRADE
handbook (12).

With only minor changes, the definitions of outcomes adhered
to the ICMART/WHO glossary (13). LBR was defined as the
ratio between the number of deliveries resulting in at least one
live birth and the number of cycles randomized (i.e., intention
to treat). OHSS was defined according to recently established
criteria, which stated that: (i) the subject should had undergone
ovarian stimulation (OS) AND had received a trigger dose for
final oocyte maturation (e.g., hCG, GnRHa, or kisspeptin) fol-
lowed by either fresh transfer or segmentation (cryopreservation
of embryos) or (ii) the subject had undergone OS AND had a
positive pregnancy test (14). Clinical pregnancy was defined as a
pregnancy diagnosed by ultrasonographic visualization of one or
more gestational sacs. Ongoing pregnancy was defined as a viable
pregnancy at 11 weeks’ gestation (6). Miscarriage rate was defined
as the loss of a clinical pregnancy at any gestational age before
live birth. Good quality embryos and the number of M2 oocytes
were assessed according to what was reported in the publications.

Quantitative Analysis

Forest plots were computed in Review Manager, Version 5.3,
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014. All plots were made per intention to treat,
defined asincludingall randomized participants in the denomina-
tor except for missing patients who were excluded. Heterogeneity
was evaluated with I-squared statistic (I?). Statistical significance
was set at a p-value < 0.05. A fixed effects model was chosen if
heterogeneity (I*) among studies was below 50%. If the I was
higher than 50%, the heterogeneity was considered substantial,

and the random-effects model was applied. Dichotomous out-
comes were reported as odds ratios, using a Mantel-Haenszel
method, and continuous outcomes as mean differences with the
use of inverse variance method. Sensitivity analyses and assess-
ment of publication bias were conducted to assess the influence
of individual studies on the results (Supplementary Material).
Sensitivity analysis was performed for all outcomes. Finally, we
performed a subgroup analysis among patients receiving LPS after
GnRHa trigger. In particular, we compared LPS given as a single
bolus of hCG at 36-h post-trigger versus individualized LPS,
i.e., when additional boluses of hCG were given either at oocyte
pickup (OPU) plus 5 days or daily. We extracted this information
from the studies of Humaidan et al. (5) and Humaidan et al. (11).
However, the patients receiving LPS 12-h posttrigger in the study
by Humaidan et al. (5) were disregarded as it has been shown that
this strategy leads to a markedly poor reproductive outcome (5).

RESULTS

A total of 694 unique citations were identified and subjected
to initial screening of titles and abstracts. Subsequently, a total
of 31 citations were eligible for full-text reading. Among these,
five studies met the selection criteria and were scrutinized for
qualitative and quantitative analysis (5, 6, 11, 15, 16). The full
selection process is depicted in the PRISMA flowchart, Figure S1
in Supplementary Material. The characteristics of included stud-
ies are provided for each individual study in Tables S2-S6 in
Supplementary Material. Furthermore, a summary of findings is
provided for overall outcome assessment in Table 1.

Live Birth Rate

Live birth data were obtained from all included trials with a total
of 857 cycles included. LBRs in the GnRHa and hCG groups were
26.1 and 28.8%, respectively. The corresponding OR for LBR
was 0.84 (95% CI 0.62, 1.14, I’ = 22%; Figure 1). According to
GRADE, the quality of evidence was low (Table 1). Further, sub-
group analysis indicated that LBR was very close to unity in the
most recent publications which introduced individualized LPS
(11, 16), with an OR 1.08 (95% CI 0.72, 1.62, I’ = 0%; Figure 2).
In order to evaluate if there was any study that could influence the
conclusions regarding LBR, we performed a sensitivity analysis
removing study by study. In general, the observed pooled effect
estimate was not significantly affected by the removal of any of
the studies, indicating that LBR was not statistically different
between the groups, independent of the evaluated scenario.
The lowest and highest OR were, respectively: OR 0.68 (95%
CI 0.45, 1.01, P = 0%, Figure S2 in Supplementary Material)
when removing (11); and OR 0.95 (95% CI 0.65, 1.38, I = 26%;
Figure S3 in Supplementary Material) removing (6). Finally, in a
subgroup analysis considering LPS with hCG bolus at OPU only,
the pooled OR was 0.78 (95% CI 0.52, 1.18, I = 0%; Figure $4 in
Supplementary Material).

OHSS Rate

All studies reported OHSS rates and all OHSS cases were moder-
ate late-onset according to criteria established recently (14). The
OHSS rates in the GnRHa and hCG groups were 0.9 and 1.7%,
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TABLE 1 | Summary of findings table, GnRH agonist (GnRHa) trigger compared to hCG trigger for final oocyte maturation.

Quality assessment No. of patients Effect Quality Importance
No. of studies Study design Risk of Inconsistency Indirectness Imprecision Other GnRHa hCG Relative Absolute
bias considerations (95% CI) (95% CI)

Live birth

5 Randomized Serious®  Not serious Not serious Serious® None 116/444  119/413 OR0.84 34 fewer per 1,000 DBOO Critical
trials (26.1%) (28.8%) (0.62-1.14) (from 28 more to 88 fewer) LOW

Ovarian hyperstimulation syndrome (OHSS)

5 Randomized Serious®  Not serious Serious? Serious None 4/446 7/413 OR0.48 10 fewer per 1,000 DO Critical
trials (0.9%) (1.7%) (0.15-1.60) (from 30 fewer to 10 more)  VERY LOW

Ongoing pregnancy rate

2 Randomized Serious®  Serious® Not serious Serious® None 94/337 100/349 OR0.95 10 fewer per 1,000 [SIEES) Important
trials (27.9%) (28.7%) (0.59-1.53) (from 94 more to 95 fewer) VERY LOW

Clinical pregnancy rate

5 Randomized Serious®  Not serious Not serious Serious® None 147/446  136/413 OR 0.99 2 fewer per 1,000 DO Important
trials (33.0%) (32.9%) (0.74-1.32) (from 63 fewer to 64 more) LOW

Miscarriage

5 Randomized Serious®  Not serious Not serious Serious® None 29/145 17/136 OR 1.85 84 more per 1,000 [Clelel=) Important
trials (20.0%) (12.5%) (0.97 to 3.54)  (from 3 fewer to 211 more) LOW

Oocytes aspirated

4 Randomized Serious®  Serious® Not serious Serious® None 261 214 - MD 0.25 higher [SElElE) Important
trials (2.03 lower to 2.53 higher)  VERY LOW

Good quality embryos

2 Randomized Serious®  Not serious Not serious Serious® None 79 49 - MD 0.94 higher DHOO Important
trials (0.01 higher to 1.87 higher) LOW

Population: patients submitted to IVF/ICSI cycles in GnRH antagonist protocol with fresh embryo transfer.
Intervention: GnRHa trigger followed by a modified luteal phase support (LPS) with LH activity.

Comparison: hCG with standard LPS.
Cl, confidence interval; OR, odds ratio; MD, mean difference.

aRegarding risk of bias, serious limitations as most studies were underpowered and open label. Furthermore, data from Ref. (5, 11) were extracted from unpublished data.

bThe risk of imprecision was high as the 95% CI did include figures which might lead to other conclusions.
°Regarding risk of bias, serious limitations as most studies were underpowered and open label.
9The indirectness was moderate as both high-risk and low-risk OHSS patient groups were compiled. Furthermore, GnRHa trigger agent and modiified LPS was not uniform and there could have been different OHSS definitions.

¢l heterogeneity above 50%.

BdOO6, very low evidence; we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
DOV, low evidence, our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
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respectively, and the corresponding OR was 0.48 (95% CI 0.15,
1.60, I = 0%; Figure 3). A lower OHSS rate was observed in the
GnRHa trigger group although not statistically significant. In
the corresponding subanalysis to Figure S4 in Supplementary
Material, investigating only the design in which hCG was admin-
istered at OPU (36 h post-trigger), no OHSS case was observed
(figure not shown). Sensitivity analyses showed that the observed
pooled effect size was not significantly affected by the removal
of any study (Table S8 in Supplementary Material). According to
GRADE, the quality of evidence was very low (Table 1).

Ongoing Pregnancy and Clinical

Pregnancy
Two studies reported ongoing pregnancy rates, including 686
cycles (6, 11). The ongoing pregnancy rate in the GnRHa and

hCG groups were 27.9 and 28.7%, respectively. No significant
difference was observed in ongoing pregnancy with an effect
estimate close to unity (OR 0.95, 95% CI 0.59, 1.53; I = 50%;
Figure 4). All studies reported the clinical pregnancy rate,
including 859 cycles. The clinical pregnancy rate in the GnRHa
and hCG groups were 33 and 34%. Overall, pooled results
indicated that the clinical pregnancy rate was similar comparing
GnRHa + LPS and hCG trigger. The OR was 0.99 (95% CI 0.74,
1.32, I = 22%; Figure 5). Sensitivity analyses were performed
only for clinical pregnancy rate, as there were only two studies
included in ongoing pregnancy rate analysis. Sensitivity analysis
for clinical pregnancy rate showed that the observed pooled
effect size was not significantly affected by the removal of any
study. According to GRADE, the quality of evidence was very
low for ongoing pregnancy rate and low for clinical pregnancy
rate (Table 1).

Heterogeneity: Chi? = 5.13, df =4 (P = 0.27); I = 22%
Test for overall effect: Z=1.10 (P = 0.27)

treat. Two patients were missing in Ref. (11).

GnRHa trigger  hCG trigger Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andersen 2015 20 61 11 32 10.6% 0.93[0.38, 2.30] -1
Humaidan 2006 7 30 8 15  8.9% 0.27 [0.07, 1.00]
Humaidan 2010 36 152 47 150 39.4% 0.68[0.41, 1.13] —
Humaidan 2013 49 183 49 199 37.5% 1.12[0.71, 1.77] —
Papanikolau 2011 4 18 4 17 3.5% 0.93[0.19, 4.50] -1
Total (95% CI) 444 413 100.0% 0.84[0.62, 1.14]
Total events 116 119

FIGURE 1 | GnRH agonist (GnRHa) trigger + modified luteal phase support with LH activity versus hCG trigger, critical outcome live birth/intention to

0.01

'
0.1
GnRHa group hCG group

Heterogeneity: Chi?=0.13, df =1 (P =0.72); I?= 0%

GnRHa trigger hCG trigger Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andersen 2015 20 61 11 32 22.0% 0.93[0.38, 2.30]
Humaidan 2013 49 183 49 199 78.0% 1.12[0.71,1.77]
Total (95% CI) 244 231 100.0% 1.08 [0.72, 1.62]
Total events 69 60

! !
t t
0.1 10

Test for overall effect: Z = 1.20 (P = 0.23)

hyperstimulation syndrome/intention to treat.

k 1
0.01 1 100
Test for overall effect: Z=0.36 (P = 0.72) GnRHa group  hCG group
FIGURE 2 | Subgroup analysis—including only the two most recent studies.
GnRHa trigger hCG trigger Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andersen 2015 2 61 2 32 31.9% 0.51[0.07, 3.79] &
Humaidan 2006 0 30 0 15 Not estimable
Humaidan 2010 0 152 3 150 44.1% 0.14[0.01,2.70] * L
Humaidan 2013 2 185 2 199 24.0% 1.08 [0.15, 7.72] .
Papanikolau 2011 0 18 0 17 Not estimable
Total (95% CI) 446 413 100.0% 0.48 [0.15, 1.60] i
Total events 4 7
ity: 2= = = - 12 = 09 I } } |
Heterogeneity: Chi2 = 1.32, df = 2 (P = 0.52); I = 0% 0.01 01 7 10 100

FIGURE 3 | GnRH agonist (GnRHa) trigger + modified luteal phase support with LH activity versus hCG trigger, critical outcome ovarian

GnRHa group hCG group
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Miscarriage Rate

In a total of 281 clinical pregnancies, we observed a slight albeit
non-significant higher miscarriage rate when comparing the
GnRHa triggered group to the hCG group (OR 1.85; 95% CI
0.97, 3.54; I = 0%; Figure 6). The miscarriage rate was 20.0% in
GnRHa group and 12.5% in hCG group, respectively (p = 0.06).
According to GRADE, the level of evidence was low (Table 1).
Sensitivity analysis demonstrated that the study of Andersen
et al. had an influence on the results; when this study was
removed, the clinical pregnancy loss was significantly increased
in the GnRHa triggered group (OR: 1.97, 95% CI 1.01, 3.85;
I’ = 0%). The removal of any other study did not impact the
results substantially.

Oocytes Retrieved, M2 Oocytes, and Good
Quality Embryos

We were able to extract data from four studies on the number
of oocytes retrieved (5, 6, 15, 16). The mean (SD) number of
oocytes retrieved was 8.0 (4.2) and 9.3 (3.9) in the GnRHa and
hCG groups, respectively. Overall, the results indicated that the
number of oocytes retrieved was not different between groups
(OR0.98,95% CI 0.73, 1.30; I? = 76%; Figure 7). The mean differ-
ence in the number of oocytes retrieved was 0.25 (95% CI —2.03,
2.53). Due to the high heterogeneity, we applied the random effect
model to perform the analysis. Two studies reported data on the
number of good quality embryos (15, 16). A significant difference
was observed in favor of GnRHa trigger regarding the number of

Heterogeneity: Tau? = 0.06; Chi*> = 2.02, df = 1 (P = 0.16); I> = 50%
Test for overall effect: Z=0.21 (P = 0.83)

pregnancy/intention to treat.

GnRHa trigger hCG trigger Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Humaidan 2010 40 152 49 150 47.5% 0.74 [0.45, 1.21]
Humaidan 2013 54 185 51 199 52.5% 1.20[0.76, 1.87]
Total (95% CI) 337 349 100.0% 0.95 [0.59, 1.53]
Total events 94 100

FIGURE 4 | GnRH agonist (GnRHa) trigger + modified luteal phase support with LH activity versus hCG trigger, important outcome Ongoing

0.01

0.1 1 10
GnRHa group hCG group

100

Heterogeneity: Chi2 = 5.12, df =4 (P = 0.27); I? = 22%
Test for overall effect: Z = 0.08 (P = 0.93)

pregnancy/intention to treat.

GnRHa trigger hCG trigger Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andersen 2015 21 61 12 32 10.9% 0.88 [0.36, 2.13] I
Humaidan 2006 8 30 8 15 8.3% 0.32[0.09, 1.16] B
Humaidan 2010 50 152 55 150 39.3% 0.85[0.53, 1.36] -
Humaidan 2013 64 185 57 199 38.0% 1.32[0.86, 2.03] T
Papanikolau 2011 4 18 4 17 3.4% 0.93[0.19, 4.50] I E—
Total (95% Cl) 446 413 100.0% 0.99 [0.74, 1.32]
Total events 147 136

FIGURE 5 | GnRH agonist (GnRHa) trigger + modified luteal phase support with LH activity versus hCG trigger, important outcome Clinical

k
0.01

t T t
0.1 1 10

GnRHa group hCG group

100

Test for overall effect: Z = 1.85 (P = 0.06)

significant: OR 1.97 (1.03-3.75).

GnRHa trigger hCG trigger Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andersen 2015 1 21 1 12 8.8% 0.55[0.03, 9.68]
Humaidan 2006 1 8 0 8 3.0% 3.40[0.12, 96.70]
Humaidan 2010 14 50 8 55 40.0% 2.28[0.87,6.03] T
Humaidan 2013 13 62 8 57 48.1% 1.63[0.62, 4.27] —T
Papanikolau 2011 0 4 0 4 Not estimable
Total (95% Cl) 145 136 100.0% 1.85[0.97, 3.54] o
Total events 29 17 ) ) ) )
Heterogeneity: Chi? = 1.06, df = 3 (P = 0.79); I?= 0% '0'01 Of1 1 1'0 100'

FIGURE 6 | GnRH agonist (GnRHa) trigger + modified luteal phase support with LH activity versus hCG trigger, important outcome miscarriage/
intention to treat. Two patients were missing in Ref. (11), both in the GnRHa group. If they were both lost pregnancies, then the effect estimate would have been
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good quality embryos (MD 0.94, 95% CI 0.01, 1.87; Figure 8).
However, according to GRADE, the level of evidence was low
(Table 1).

DISCUSSION

Summary of Main Results

With conflicting evidence concerning the use of GnRHa trig-
ger in fresh transfer IVF/ICSI cycles and the inherent risk and
clinical implications associated with this intervention, we felt a
need to clarify the role of the modified LPS with LH activity in
this particular patient population. To our knowledge, this is the
first PRISMA systematic review and meta-analysis summariz-
ing the evidence currently available concerning GnRHa trigger
followed by LPS in patients undergoing IVF/ICSI and fresh
embryo transfer, including new evidence published after the
latest Cochrane review (2). In our analysis, there was a slightly
lower but non-significant difference in LBR in the GnRHa group
compared to the hCG group. Importantly, in the newer studies
employing individualized LPS, the odds ratio was close to unity
regarding LBR. Furthermore, a lower OHSS rate was observed
in the GnRHa trigger group compared to the hCG trigger group,
although not statistically significant. However, the use of GnRHa
trigger with LPS was associated with increased miscarriage rates
in a sensitivity analysis and also the absolute effect estimates
given in Table 1, i.e. 84 more miscarriages (95% CI from 3 fewer
to 211 more) in GnRHa triggered cycles would suggest that
although LBR was comparable to hCG triggered cycles, a further
optimization of LBR might be achieved. As for the number of
oocytes retrieved, the use of GnRHa trigger in preference over
hCG trigger resulted in no apparent difference. However, the
number of good quality embryos was significantly higher in the
GnRHa group.

The strength of evidence for all outcomes was low or very low
according to GRADE, which means that although no significant
differences were observed, we are overall uncertain about the
effect estimates. It is therefore very likely that further research
will have a substantial impact on the observed effect estimates.

Interpretation of Results and Clinical

Considerations

In the waiting time for future research that could further clarify
the abovementioned effect estimates, clinical decision-making
should also take into account the clinical and biological plausibil-
ity as well as the standpoint of the individual patient (17, 18). In
the discussion below, we scrutinize the forest plots with the aim
to assist clinicians to choose the optimal trigger strategy, GnRHa
or hCG and the subsequent LPS needed in fresh transfer GnRH
antagonist cotreated cycles.

First, although LBR after fresh embryo transfer was compa-
rable between GnRHa and hCG triggered cycles, there was an
overall trend toward lower LBR with GnRHa. This effect was
mainly due to the higher miscarriage rates observed with the use
of GnRHa trigger. However, miscarriage rates were reduced in
the latest studies that provided additional boluses of hCG dur-
ing LPS, the so-called individualized LPS (11, 16), resulting in
a pooled OR concerning LBR close to unity when GnRHa and
hCG trigger were compared (11, 16). Such disparity between the
older and more recent RCTs indicate heterogeneity even among
the highly selected RCTs included in the present study. One
major issue in this aspect is the fact that the concept of GnRHa
trigger and LPS has mostly been developed through pilot trials
which were underpowered to adequately investigate superiority
of the experimental arms of LPS (5, 11, 15, 16). The aggregation
of such experimental arms in meta-analyses would increase the
power, albeit the need for caution in the interpretations would

GnRHa trigger hCG trigger
Study or Subgroup Mean SD Total Mean

SD Total Weight

Mean Difference Mean Difference

IV, Random, 95% CI
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11.5367 6.3298 30 7 35 15 23.2%
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FIGURE 7 | GnRH agonist (GnRHa) trigger versus hCG trigger, important outcome Oocytes retrieved/intention to treat.
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also increase due to heterogeneity, in this case especially in the
LPS. To give an example, in Ref. (5), it was clearly shown that
hCG administration (1,500 IU) at 12 h post-trigger resulted in
only 2/17 (11.8%) clinical pregnancies, including an additional
early pregnancy loss (5). Erroneously, such an experimental
design that was proven ineffective had a negative impact on the
overall pooled OR of LBR in Figure 1. In another interesting
proof of concept study by Papanikolaou et al., LPS was given
in the form of LH injections every other day from the OPU
onward for 10 days (15). The authors reported comparable LBR
and no OHSS in either group; however, this approach has not
been corroborated in larger trials. Furthermore, in the study by
Humaidan et al. (11), two moderate OHSS cases were recorded in
the low-risk OHSS population who received an additional hCG
bolus at OPU + 5. This finding prompted the authors to state that
further refinement of the additional hCG bolus was needed for
this population (11).

A refinement in modified LPS is the addition of a daily micro-
dose of hCG (125 IU) from OPU until the day of the pregnancy
test, as proposed by Andersen and colleagues in their proof of
concept trial (16). In this study, the authors eliminated any form
of standard LPS in an attempt to explore the exogenous free LPS
after GnRHa trigger, initially proposed by Kol et al. (19, 20).
Interestingly, in the study by Andersen et al., the miscarriage
rate was lower albeit non-significant in the GnRHa trigger group
compared to hCG trigger. Moreover, a recent retrospective
analysis reported a lower pregnancy loss and a 9% higher clinical
pregnancy rate (LBR not reported) when 100 IU/L hCG daily
was compared to the bolus of 1,500 hCG at OPU + 5 (21). In a
subgroup analysis, the individualized LPS approach resulted in a
pooled effect estimate of LBR close to unity and slightly in favor
of GnRHa trigger, Figure 2. Based on these results, we conclude
that in subpopulations such as normoresponder patients (<14
follicles > 11 mm) (22), there is a need for additional LPS after
GnRHa trigger to achieve comparable reproductive outcomes
compared to hCG trigger.

Second, our subgroup analysis pooling the studies of LPS
given as a single bolus of hCG 36 h post-GnRHa trigger revealed
no OHSS cases, with a LBR non-inferior to that of hCG trigger
(Supplementary Material; Figure 4). Hence, taking also the
evidence from cohort studies into account (23), administering
a single bolus of hCG at OPU as a means of LPS would limit
OHSS to a minimum. Moreover, pooled data from the studies
that utilized individualized LPS after GnRHa trigger (Figure 2)
suggested that additional LPS was beneficial with regard to LBR.
Nonetheless, the addition of additional hCG in the luteal phase
could increase the risk of OHSS, as indicated by the reported 2.2%
(4/186) OHSS cases among patients receiving the individual-
ized regimen compared to none in the LPS with a single bolus
of hCG given 36 h post-GnRHa trigger (11, 16). Furthermore,
significantly lower OHSS rates have been reported with GnRHa
trigger compared with hCG trigger in RCTs and observational
studies (24-26); however, these papers were not included in the
present meta-analysis as they did not meet the inclusion criteria.

Taken together, it is plausible to conclude that LPS after
GnRHa trigger should be individualized according to the num-
ber of follicles >11 mm on the aspiration day. As an example,

normoresponder patients (<14 follicles > 11 mm), who clearly
have a lower number of functioning corpora lutea to “boost”
than patients with > 14 follicles, would be eligible to receive the
individualized LPS. In contrast, hyper-responder patients, who
commonly exhibit excessive corpora lutea after trigger, could
be given a single bolus of hCG at OPU when a fresh transfer is
planned. Consequently, future studies should focus on further
fine-tuning of the individualized LPS to secure high LBR and
additional reduction in the OHSS rate.

Limitations and Strengths

Like all meta-analyses, there are limitations that should be
taken into consideration. Apart from the previously discussed
heterogeneity of the included studies, the number of included
studies as well as the sample size was relatively low. Also, bias
might have been introduced as data not published as full-text
articles and in languages other than English were excluded from
our meta-analysis. Moreover, the present analysis was restricted
to analyze the “European approach” only, i.e., LPS, after GnRHa
trigger. As far as the “American approach” is concerned, Babayof
etal. investigated a modified LPS by adding additional exogenous
progesterone and estradiol during the luteal phase in OHSS risk
patients compared to hCG trigger in GnRH antagonist cotreated
cycles (24). The findings of Babayof et al. indicate a lower risk of
OHSS in the GnRHa trigger group, however, at the expense of a
higher miscarriage rate and a very low LBR. In a subsequent RCT,
Engmann and colleagues compared GnRHa trigger followed by
modified LPS (Americanapproach) tohCG trigger inlong GnRHa
downregulated patients (25). A significantly lower OHSS rate was
reported in the GnRHa group compared to the hCG triggered
group (0 versus 31%, respectively). In that trial, Engmann and
colleagues attempted to further extend the exogenous LPS, now
adding 50 mg I.M. progesterone daily until the clinical pregnancy
scan in week 7. In contrast to Babayof et al., this modification
resulted in a non-significant difference in ongoing pregnancy rate
between GnRHa trigger and hCG (25). These findings were sub-
sequently supported by the results of a retrospective cohort study
performed in Asian women (23). However, at this point due to
the paucity of RCTs, further investigation is required before firm
conclusions can be drawn concerning the American approach for
modified LPS after GnRHa trigger.

Despite these limitations, we highlight that we performed
sensitivity analyses to evaluate the potential bias that could
occur by each study (Supplementary Material). Even after the
sensitivity analysis was performed, there was no statistical differ-
ence when evaluating the primary outcome, LBR. Furthermore,
we obtained live birth data from Ref. (11), which was not
originally included in the authors’ paper and only two patients
were missing. Additionally, we rated the strength of evidence
using GRADE. The overall low or very low strength of evidence,
however, add uncertainty to the estimates, thus, emphasizing the
need for further research before firm clinical recommendations
can be made.

Future Aspects
Inthe future, segmentation willundoubtedly play abigger role than
presently, coinciding with the improvement in cryopreservation
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techniques globally, and thus, the reproductive outcome of frozen-
thaw cycles. However, despite the irrefutable OHSS risk reduction
after GnRHa trigger followed by segmentation, even in GnRHa
triggered segmented cycles, a few severe early-onset OHSS cases
have been reported (27-29). Furthermore, the segmentation
policy after GnRHa trigger in line with previous reports on health
outcomes of children born as a result of cryopreserved thawed
embryos is likely to increase the incidence of macrosomia and
large for gestational age (30-32), the risk of placenta accreta
(33, 34), and the risk of preeclampsia (35). Moreover, this
additional elective manipulation of gametes which could induce
epigenetic changes might add further to the risk of cardiovascular
disorders that have already been reported to be associated with
ART (36, 37). Finally, a comprehensive evaluation of elective
segmentation taking into account cost-effectiveness, patient-
centeredness, and time to live birth has yet to be carried out.

Thus, fresh embryo transfer should not be disregarded and
GnRHa trigger can be used to secure both a high LBR and a low
OHSS rate. The individualized LPS approach can be introduced
to clinical use although a further fine-tuning of the LH activ-
ity used during LPS might improve the results even further.
Moreover, a cost-effective and patient-centered analysis compar-
ing GnRHa trigger and LPS with the gold standard hCG trigger
would allow better judgment of the clinical significance of our
findings.

REFERENCES

1. Ozgur K, Humaidan P, Coetzee K. Segmented ART — the new era in ART?
Reprod Biol (2016) 16:91-103. doi:10.1016/j.repbio.2016.04.001

2. Youssef MAFM, Van der Veen E Al-Inany HG, Mochtar MH, Griesinger G,
Nagi Mohesen M, et al. Gonadotropin-releasing hormone agonist versus
HCG for oocyte triggering in antagonist-assisted reproductive technology.
Cochrane Database Syst Rev (2014) 10:CD008046. doi:10.1002/14651858.
CD008046.pub4

3. Humaidan P, Bredkjaer HE, Bungum L, Bungum M, Grondahl ML,
Westergaard L, et al. GnRH agonist (buserelin) or hCG for ovulation induc-
tion in GnRH antagonist IVF/ICSI cycles: a prospective randomized study.
Hum Reprod (2005) 20:1213-20. doi:10.1093/humrep/deh765

4. Kolibianakis EM, Schultze-Mosgau A, Schroer A, van Steirteghem A,
Devroey P, Diedrich K, et al. A lower ongoing pregnancy rate can be expected
when GnRH agonist is used for triggering final oocyte maturation instead of
HCG in patients undergoing IVF with GnRH antagonists. Hum Reprod (2005)
20:2887-92. doi:10.1093/humrep/deil50

5. Humaidan P, Bungum L, Bungum M, Yding Andersen C. Rescue of corpus
luteum function with peri-ovulatory HCG supplementation in IVF/ICSI
GnRH antagonist cycles in which ovulation was triggered with a GnRH
agonist: a pilot study. Reprod Biomed Online (2006) 13:173-8. d0i:10.1016/
$1472-6483(10)60612-8

6. Humaidan P, Ejdrup Bredkjaer H, Westergaard LG, Yding Andersen C. 1,500
IU human chorionic gonadotropin administered at oocyte retrieval rescues
the luteal phase when gonadotropin-releasing hormone agonist is used for
ovulation induction: a prospective, randomized, controlled study. Fertil Steril
(2010) 93:847-54. doi:10.1016/j.fertnstert.2008.12.042

7. Humaidan P, Engmann L, Benadiva C. Luteal phase supplementation after
gonadotropin-releasing hormone agonist trigger in fresh embryo transfer:
the American versus European approaches. Fertil Steril (2015) 103:879-85.
doi:10.1016/j.fertnstert.2015.01.034

8. Kol S, Humaidan P, Alsbjerg B, Engmann L, Benadiva C, Garcia-Velasco JA,
et al. The updated Cochrane review 2014 on GnRH agonist trigger: repeating
the same errors. Reprod Biomed Online (2015) 30:563-5. doi:10.1016/j.
rbmo.2015.02.009

CONCLUSION

In fresh transfer cycles triggered with either GnRHa or hCG, LBR
is comparable, regardless of the trigger strategy, provided that
GnRHa trigger is followed by LPS. Moreover, evidence suggest
that individualized LPS could further improve LBR following
GnRHa trigger.

AUTHOR CONTRIBUTIONS

All authors contributed to study design, manuscript drafting, and
critical discussions. TH and MR scrutinized the literature and
performed the qualitative and quantitative analysis. All authors
contributed to, revised, and accepted the final manuscript.

ACKNOWLEDGMENTS

We would like to acknowledge research librarian Henrik Laursen
for his assistance regarding the systematic literature search.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at
http://journal.frontiersin.org/article/10.3389/fendo.2017.00116/
full#supplementary-material.

9. Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med
(2009) 6:¢1000097. doi:10.1371/journal.pmed.1000097

10. Lin MH, Wu FS, Lee RK, Li SH, Lin SY, Hwu YM. Dual trigger with com-
bination of gonadotropin-releasing hormone agonist and human chorionic
gonadotropin significantly improves the live-birth rate for normal responders
in GnRH-antagonist cycles. Fertil Steril (2013) 100:1296-302. doi:10.1016/j.
fertnstert.2013.07.1976

11. Humaidan P, Polyzos NP, Alsbjerg B, Erb K, Mikkelsen AL, Elbaek HO, et al.
GnRHa trigger and individualized luteal phase hCG support according to
ovarian response to stimulation: two prospective randomized controlled
multi-centre studies in IVF patients. Hum Reprod (2013) 28:2511-21.
doi:10.1093/humrep/det249

12. Schiinemann B, Guyatt O. GRADE Handbook. (2017). Available from:
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html#h.
m938505z3li7

13. Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara O, Mansour R,
NygrenK, etal. International Committee for Monitoring Assisted Reproductive
Technology (ICMART) and the World Health Organization (WHO)
revised glossary of ART terminology, 2009. Fertil Steril (2009) 92:1520-4.
doi:10.1016/j.fertnstert.2009.09.009

14. Humaidan P, Nelson SM, Devroey P, Coddington CC, Schwartz LB,
Gordon K, et al. Ovarian hyperstimulation syndrome: review and new
classification criteria for reporting in clinical trials. Hum Reprod (2016)
31:1997-2004. doi:10.1093/humrep/dew149

15. Papanikolaou EG, Verpoest W, Fatemi H, Tarlatzis B, Devroey P,
Tournaye H. A novel method of luteal supplementation with recombinant
luteinizing hormone when a gonadotropin-releasing hormone agonist is
used instead of human chorionic gonadotropin for ovulation triggering: a
randomized prospective proof of concept study. Fertil Steril (2011) 95:1174-7.
doi:10.1016/j.fertnstert.2010.09.023

16. Andersen CY, Elbaeck HO, Alsbjerg B, Laursen R], Povlsen BB, Thomsen L,
et al. Daily low-dose hCG stimulation during the luteal phase combined
with GnRHa triggered IVF cycles without exogenous progesterone: a proof
of concept trial. Hum Reprod (2015) 30(10):2387-95. doi:10.1093/humrep/
dev184

Frontiers in Endocrinology | www.frontiersin.org

June 2017 | Volume 8 | Article 116


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
http://journal.frontiersin.org/article/10.3389/fendo.2017.00116/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fendo.2017.00116/full#supplementary-material
https://doi.org/10.1016/j.repbio.2016.04.001
https://doi.org/10.1002/14651858.CD008046.pub4
https://doi.org/10.1002/14651858.CD008046.pub4
https://doi.org/10.1093/humrep/deh765
https://doi.org/10.1093/humrep/dei150
https://doi.org/10.1016/S1472-6483(10)60612-8
https://doi.org/10.1016/S1472-6483(10)60612-8
https://doi.org/10.1016/j.fertnstert.2008.12.042
https://doi.org/10.1016/j.fertnstert.2015.01.034
https://doi.org/10.1016/j.rbmo.2015.02.009
https://doi.org/10.1016/j.rbmo.2015.02.009
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.fertnstert.2013.07.1976
https://doi.org/10.1016/j.fertnstert.2013.07.1976
https://doi.org/10.1093/humrep/det249
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html#h.m9385o5z3li7
http://gdt.guidelinedevelopment.org/app/handbook/handbook.html#h.m9385o5z3li7
https://doi.org/10.1016/j.fertnstert.2009.09.009
https://doi.org/10.1093/humrep/dew149
https://doi.org/10.1016/j.fertnstert.2010.09.023
https://doi.org/10.1093/humrep/
dev184
https://doi.org/10.1093/humrep/
dev184

Haahr et al.

Comparable LBR Following GnRHa Trigger

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Alonso-Coello P, Oxman AD, Moberg J, Brignardello-Petersen R, Akl EA,
Davoli M, et al. GRADE Evidence to Decision (EtD) frameworks: a system-
atic and transparent approach to making well informed healthcare choices.
2: clinical practice guidelines. BMJ (2016) 353:i2089. d0i:10.1136/bm;.i2089
Farland LV, Correia KE, Wise LA, Williams PL, Ginsburg ES, Missmer SA.
P-values and reproductive health: what can clinical researchers learn from
the American Statistical Association? Hum Reprod (2016) 31:2406-10.
doi:10.1093/humrep/dew192

Kol S, Humaidan P, Itskovitz-Eldor J. GnRH agonist ovulation trigger and
hCG-based, progesterone-free luteal support: a proof of concept study. Hum
Reprod (2011) 26:2874-7. doi:10.1093/humrep/der220

Kol S, Breyzman T, Segal L, Humaidan P. “Luteal coasting” after GnRH
agonist trigger-individualized, HCG-based, progesterone-free luteal support
in “high responders”™ a case series. Reprod Biomed Online (2015) 31:747-51.
doi:10.1016/j.rbmo.2015.09.001

Andersen CY, Fischer R, Giorgione V, Kelsey TW. Micro-dose hCG as luteal
phase support without exogenous progesterone administration: mathematical
modelling of the hCG concentration in circulation and initial clinical experi-
ence. ] Assist Reprod Genet (2016) 33:1311-8. d0i:10.1007/s10815-016-0764-7
Papanikolaou EG, Pozzobon C, Kolibianakis EM, Camus M, Tournaye H,
Fatemi HM, et al. Incidence and prediction of ovarian hyperstimulation
syndrome in women undergoing gonadotropin-releasing hormone antago-
nist in vitro fertilization cycles. Fertil Steril (2006) 85:112-20. doi:10.1016/j.
fertnstert.2005.07.1292

Iliodromiti S, Blockeel C, Tremellen KP, Fleming R, Tournaye H, Humaidan P,
et al. Consistent high clinical pregnancy rates and low ovarian hyperstimula-
tion syndrome rates in high-risk patients after GnRH agonist triggering and
modified luteal support: a retrospective multicentre study. Hum Reprod (2013)
28:2529-36. d0i:10.1093/humrep/det304

Babayof R, Margalioth EJ, Huleihel M, Amash A, Zylber-Haran E, Gal M,
et al. Serum inhibin A, VEGF and TNFalpha levels after triggering oocyte
maturation with GnRH agonist compared with HCG in women with polycys-
tic ovaries undergoing IVF treatment: a prospective randomized trial. Hum
Reprod (2006) 21:1260-5. doi:10.1093/humrep/dei475

Engmann L, DiLuigi A, Schmidt D, Nulsen ], Maier D, Benadiva C. The use of
gonadotropin-releasing hormone (GnRH) agonist to induce oocyte maturation
after cotreatment with GnRH antagonist in high-risk patients undergoing
in vitro fertilization prevents the risk of ovarian hyperstimulation syndrome:
a prospective rando. Fertil Steril (2008) 89:84-91. doi:10.1016/j.fertnstert.2007.
02.002

Manzanares MA, Gomez-Palomares JL, Ricciarelli E, Hernandez ER.
Triggering ovulation with gonadotropin-releasing hormone agonist in in vitro
fertilization patients with polycystic ovaries does not cause ovarian hyper-
stimulation syndrome despite very high estradiol levels. Fertil Steril (2010)
93:1215-9. doi:10.1016/j.fertnstert.2008.12.019

Fatemi HM, Popovic-Todorovic B, Humaidan P, Kol S, Banker M, Devroey
P, et al. Severe ovarian hyperstimulation syndrome after gonadotropin-re-
leasing hormone (GnRH) agonist trigger and “freeze-all” approach in
GnRH antagonist protocol. Fertil Steril (2014) 101:1008-11. doi:10.1016/j.
fertnstert.2014.01.019

Gurbuz AS, Gode E Ozcimen N, Isik AZ. Gonadotrophin-releasing hormone
agonist trigger and freeze-all strategy does not prevent severe ovarian

29.

30.

31.

32.

33.

34.

35.

36.

37.

hyperstimulation syndrome: a report of three cases. Reprod Biomed Online
(2014) 29:541-4. doi:10.1016/j.rbmo.2014.07.022

Ling LP, Phoon JWL, Lau MSK, Chan JKY, Viardot-Foucault V, Tan TY, et al.
GnRH agonist trigger and ovarian hyperstimulation syndrome: relook at
“freeze-all strategy”. Reprod Biomed Online (2014) 29:392-4. doi:10.1016/j.
rbmo.2014.05.012

Pinborg A, Wennerholm UB, Romundstad LB, Loft A, Aittomaki K,
Soderstrom-Anttila V, et al. Why do singletons conceived after assisted repro-
duction technology have adverse perinatal outcome? Systematic review and
meta-analysis. Hum Reprod Update (2013) 19:87-104. doi:10.1093/humupd/
dms044

Pinborg A, Henningsen AA, Loft A, Malchau SS, Forman J, Andersen AN.
Large baby syndrome in singletons born after frozen embryo transfer (FET):
is it due to maternal factors or the cryotechnique? Hum Reprod (2014)
29:618-27. doi:10.1093/humrep/det440

Wennerholm U-B, Henningsen A-KA, Romundstad LB, Bergh C, Pinborg A,
Skjaerven R, et al. Perinatal outcomes of children born after frozen-thawed
embryo transfer: a Nordic cohort study from the CONARTaS group. Hum
Reprod (2013) 28:2545-53. doi:10.1093/humrep/det272

Ishihara O, Araki R, Kuwahara A, Itakura A, Saito H, Adamson GD. Impact of
frozen-thawed single-blastocyst transfer on maternal and neonatal outcome:
an analysis of 277,042 single-embryo transfer cycles from 2008 to 2010 in
Japan. Fertil Steril (2014) 101:128-33. doi:10.1016/j.fertnstert.2013.09.025
Kaser DJ, Melamed A, Bormann CL, Myers DE, Missmer SA, Walsh BW,
et al. Cryopreserved embryo transfer is an independent risk factor for
placenta accreta. Fertil Steril (2015) 103:1176-84.¢2. doi:10.1016/j.fertnstert.
2015.01.021

Sazonova A, Killen K, Thurin-Kjellberg A, Wennerholm U-B, Bergh C.
Obstetric outcome in singletons after in vitro fertilization with cryopreserved/
thawed embryos. Hum Reprod (2012) 27:1343-50. doi:10.1093/humrep/
des036

Hart R, Norman R]. The longer-term health outcomes for children born as a
result of IVF treatment: part I — general health outcomes. Hum Reprod Update
(2013) 19:232-43. doi:10.1093/humupd/dms062

Meister TA, Rexhaj E, Rimoldi SE, Scherrer U, Sartori C. Effects of perinatal,
late foetal, and early embryonic insults on the cardiovascular phenotype
in experimental animal models and humans. Vasa (2016) 45:439-49.
doi:10.1024/0301-1526/a000573

Conflict of Interest Statement: PH received unrestricted research grants from
MSD, Merck, and Ferring as well as honoraria for lectures from MSD, Merck, and
IBSA. SE received honoraria for lectures from Merck and Besins. MR received
honoraria for lectures from Merck. TH declares that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Copyright © 2017 Haahr, Roque, Esteves and Humaidan. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

10

June 2017 | Volume 8 | Article 116


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1136/bmj.i2089
https://doi.org/10.1093/humrep/dew192
https://doi.org/10.1093/humrep/der220
https://doi.org/10.1016/j.rbmo.2015.09.001
https://doi.org/10.1007/s10815-016-0764-7
https://doi.org/10.1016/j.fertnstert.2005.07.1292
https://doi.org/10.1016/j.fertnstert.2005.07.1292
https://doi.org/10.1093/humrep/det304
https://doi.org/10.1093/humrep/dei475
https://doi.org/10.1016/j.fertnstert.2007.02.002
https://doi.org/10.1016/j.fertnstert.2007.02.002
https://doi.org/10.1016/j.fertnstert.2008.12.019
https://doi.org/10.1016/j.fertnstert.2014.01.019
https://doi.org/10.1016/j.fertnstert.2014.01.019
https://doi.org/10.1016/j.rbmo.2014.07.022
https://doi.org/10.1016/j.rbmo.2014.05.012
https://doi.org/10.1016/j.rbmo.2014.05.012
https://doi.org/10.1093/humupd/dms044
https://doi.org/10.1093/humupd/dms044
https://doi.org/10.1093/humrep/det440
https://doi.org/10.1093/humrep/det272
https://doi.org/10.1016/j.fertnstert.2013.09.025
https://doi.org/10.1016/j.fertnstert.
2015.01.021
https://doi.org/10.1016/j.fertnstert.
2015.01.021
https://doi.org/10.1093/humrep/des036
https://doi.org/10.1093/humrep/des036
https://doi.org/10.1093/humupd/dms062
https://doi.org/10.1024/0301-1526/a000573
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	GnRH Agonist Trigger and LH Activity Luteal Phase Support versus hCG Trigger and Conventional Luteal Phase Support in Fresh Embryo Transfer IVF/ICSI Cycles—A Systematic PRISMA Review and Meta-analysis
	Introduction
	Materials and Methods
	Search Strategy
	Selection of Studies and Validity Assessment
	Data Extraction
	Quantitative Analysis

	Results
	Live Birth Rate
	OHSS Rate
	Ongoing Pregnancy and Clinical Pregnancy
	Miscarriage Rate
	Oocytes Retrieved, M2 Oocytes, and Good Quality Embryos

	Discussion
	Summary of Main Results
	Interpretation of Results and Clinical Considerations
	Limitations and Strengths
	Future Aspects

	Conclusion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


