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Gonadotropin-releasing hormone agonists versus
antagonists for controlled ovarian hyperstimulation in
oocyte donors: a systematic review and meta-analysis

Daniel Bodri, M.D., M.S.,a,b Sesh Kamal Sunkara, M.R.C.O.G.,c and Arri Coomarasamy, M.D., M.R.C.O.G.d
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Aut�onoma de Barcelona, Barcelona, Spain; c Assisted Conception Unit, Guy’s and St. Thomas’ Hospitals National Health

Service Foundation Trust, London, United Kingdom; and d Academic Department, Birmingham Women’s Hospital,

Birmingham, United Kingdom

Objective: To compare GnRH agonists and antagonists in oocyte-donation IVF treatment cycles by a systematic
review and meta-analysis of trials.
Design: Systematic review and meta-analysis of randomized clinical trials (RCT). Systematic literature searches
were conducted, and all randomized trials that compared GnRH agonists with antagonists in oocyte-donation IVF
treatment cycles were included. Study selection, quality appraisal, and data extractions were performed
independently and in duplicate.
Setting: Tertiary fertility center.
Patient(s): A total of 1,024 oocyte donors treated in eight RCTs.
Intervention(s): Comparison of GnRH agonists versus antagonists in oocyte-donation IVF treatment.
Main Outcome Measure(s): Ongoing pregnancy, oocytes retrieved, duration of stimulation, gonadotropin con-
sumption, and ovarian hyperstimulation syndrome incidence (OHSS) per randomized oocyte donor.
Result(s): Meta-analysis of these studies showed no significant difference in ongoing pregnancy rate between the
GnRH agonists and antagonists (risk ratio [RR] 1.15, 95% confidence interval [CI] 0.97 to 1.36). The duration of
stimulation was significantly lower with the GnRH antagonist protocol (weighed mean difference [WMD] �0.90
days, 95% CI�1.61 to�0.20). No significant differences were observed in the number of oocytes retrieved (WMD
�0.60, 95% CI �2.26 to þ1.07), gonadotropin consumption (WMD �264 IU, 95% CI �682 to þ154), or OHSS
incidence (RR 0.62, 95% CI 0.18 to 2.15).
Conclusion(s): No significant differences were observed in ongoing pregnancy rate or the number of retrieved
oocytes after donor stimulation with GnRH agonist or antagonist protocols. (Fertil Steril� 2011;95:164–9.
�2011 by American Society for Reproductive Medicine.)
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Gonadotropin-releasing hormone antagonists have appeared on the found that several outcomes (shorter duration of stimulation,

market since the early 1990s, and over the years have proved to be
an effective alternative to GnRH agonists to prevent LH surges dur-
ing controlled ovarian hyperstimulation (COH) in IVF patients.
GnRH antagonists represent a more physiologic mechanism of LH
suppression and provided the basis for the development of innova-
tive stimulation protocols (1). They also proved to be beneficial in
specific patient groups, such as women with polycystic ovary syn-
drome (2) and poor responders (2, 3), and in minimal-stimulation
or natural-cycle IVF treatment protocols (4).

Although an initial meta-analysis (5) evaluating the influence of
the type of GnRH analogue used on cycle outcome in IVF patients
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reduced gonadotropin consumption, and reduced ovarian hyperstimu-
lation syndrome incidence [OHSS] incidence) were clearly in favor of
the GnRH antagonists, drawbacks were highlighted. Most impor-
tantly, a significant reduction in pregnancy rates was observed, which
had a negative influence on the acceptance and diffusion of GnRH an-
tagonists. Subsequent updated meta-analyses (6, 7) were performed in
the general IVF population and had excluded trials that included
oocyte donors.

GnRH antagonist protocols were also rapidly applied in the con-
text of oocyte donation, where they provided benefits of treatment
simplification and donor convenience. Moreover, several recent ret-
rospective studies (8–10) and randomized clinical trials (RCTs)
(11–13) performed in oocyte donors showed a significantly
reduced OHSS incidence when a GnRH agonist was used for
inducing final oocyte maturation instead of hCG. Because
triggering of ovulation with GnRH agonists is only feasible in
GnRH antagonist–based protocols, the choice of the most adequate
GnRH analogue for donor stimulation protocols is a clinically
important question. To date, no meta-analysis existed evaluating
0015-0282/$36.00
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FIGURE 1

Study selection process for systematic review of GnRH agonists

versus antagonists in oocyte-donation cycles.

    Total number of citations retrieved from electronic searches and from 
    examination of reference lists of primary and review articles: n = 805 

Citations excluded after screening 
titles and/ or abstracts: n = 144 

Total number of citations retrieved from electronic searches and from 
examination of reference lists of primary and review articles: n =173 

         Primary articles included in systematic review: n = 8 

         Full manuscripts retrieved for detailed evaluation: n = 29 

Articles excluded with reasons: n=21 

• Descriptive study: n = 3 
• Historic controls: n = 2 
• Overlaps: n=2 
• Infertile controls: n= 2 
• Not relevant: n= 2 
• Non-randomized studies: 10 
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the effectiveness of different GnRH analogues in oocyte donation,
with individual studies yielding inconsistent and conflicting results.
Therefore we conducted a systematic review and meta-analysis of
studies comparing the GnRH agonist– versus antagonist–based
protocols for COH in the context of oocyte-donation IVF treatment.

MATERIALS AND METHODS
Literature searches were performed via Medline, Embase, Scopus, the

Cochrane Library, and the National Research Register for relevant studies.

The search also included Institute for Scientific Information conference

proceedings as well as databases for registration of ongoing and archived

controlled trials (International Standard Randomised Controlled Trial

Number and Metaregister of Controlled Trials). Additionally, references of

retrieved articles and meeting proceedings of the American Society for

Reproductive Medicine (2001–2009) and the European Society for Human

Reproduction and Embryology (2001–2009) were hand searched. The liter-

ature search covered the period through December 2009. A combination of

Medical Subject Headings and text words were used to generate two subsets

of citations, one including studies involving GnRH analogues (‘‘gonadotro-

pin releasing hormone/GnRH analogue/agonist/antagonist/inhibitor’’) and

the other studies related to oocyte donation (‘‘oocyte/egg donor/donation’’).

These two subsets were combined using ‘‘AND’’ to generate a set of citations

relevant to the research question. We also made enquiries about unpublished

studies from researchers investigating in this field. No language restrictions

were placed in any of the searches. Institutional Review Board approval was

not required for the present study, owing to its retrospective nature including

already published studies and the fact that data were managed in a way which

excluded the subjects’ identification.

Study Selection
Studies were selected if the target population was women undergoing oocyte-

donation IVF treatment and the interventions were GnRH agonist– versus

antagonist–based protocols for COH. The primary outcome was recipient

ongoing pregnancy rate per randomized donor. Secondary outcome measures

were number of retrieved oocytes, duration of stimulation, total gonadotropin

consumption, and OHSS incidence per randomized oocyte donor. Studies

were selected in a two-stage process. First, two reviewers (D.B. and

S.K.S.) scrutinized the titles and abstracts from the electronic searches inde-

pendently, and full manuscripts of all citations that definitely or possibly met

the predefined selection criteria were obtained. Second, final inclusion or

exclusion decisions were made on examination of the full manuscripts.

Assessment of the manuscripts was performed independently by two

reviewers (D.B. and S.K.S.), and any disagreement about inclusion were

resolved by consensus after consultation with a third reviewer (A.C.).

Data Extraction
The selected studies were assessed for methodologic quality by using the

components of study design that are related to internal validity (Center for

Reviews and Dissemination, 2001). The information on the method of

randomization, allocation concealment, blinding, intention-to-treat analysis,

and follow-up rates was sought by examining the full text articles and by

contacting the authors if clarification was needed. The following data were

also recorded from each of the studies: demographic (author, type of study,

country of origin, period of enrollment), procedural (number of patients

included, inclusion and exclusion criteria for patients populations, type of

COH protocol, type of gonadotropin administered, criteria for triggering final

oocyte maturation, the type and dose of triggering agent, type of fertilization,

type of protocol used for recipient preparation) and outcome data (ongoing

pregnancy rate, number of retrieved oocytes, duration of stimulation, gonad-

otropin consumption, incidence of OHSS in oocyte donors).

Statistical Analysis
From each study, binary data were extracted in 2�2 tables and the results

were pooled and expressed as risk ratio (RR) with 95% confidence interval

(CI) by using fixed-effects models if significant heterogeneity was absent.
Fertility and Sterility�
Ongoing pregnancies were meta-analyzed for studies in which one donor

donated eggs to one recipient only; the reason for this approach is that studies

that contain multiple recipients from one donor have multiple nonindepend-

ent outcome data which invalidate the assumptions made in standard meta-

analytical approaches. Weighed mean difference (WMD) was calculated

for continuous variables using means and standard deviations from individ-

ual studies. Heterogeneity of treatment effects was evaluated graphically us-

ing forest plot and statistically using chi-square heterogeneity test and the I2

statistic. Exploration of clinical heterogeneity was conducted using variation

in features of the study population, intervention, and study quality. All statis-

tical analysis was performed with RevMan 5.0 software (14). To assess for

publication bias, a funnel plot analysis was performed (15).
RESULTS
The process of literature identification and selection is summarized
in Figure 1. Out of the 173 citations identified, 29 were selected dur-
ing the initial screening, and on examination of manuscripts, eight
studies (16–23) including a total of 1,024 randomized oocyte
donors satisfied the selection criteria for the review. The quality of
the included trials was generally good, showing evidence of
adequate randomization method and allocation concealment in six
of the eight studies. The study populations uniformly included
young (18–35 years) oocyte donors with regular menstrual cycles,
normal body mass index (BMI; 18–29 kg/m2), and basal hormonal
values (FSH <10 UI/mL). In seven RCTs the GnRH agonist long
regimen was compared with the GnRH antagonist regimen,
whereas in one trial it was compared with the short flare-up
GnRH agonist regimen. Three different analogues (leuprorelin, trip-
torelin, buserelin) were used in the agonist arm, and both available
GnRH antagonists (ganirelix and cetrotide) were used in the antag-
onist arm. Recombinant FSH was used for ovarian stimulation in the
majority of trials (7/8). The treatment characteristics of the included
studies are presented in Table 1. Funnel plot analysis for the out-
come of ongoing pregnancy showed that publication and related
biases were unlikely.
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TABLE 1
Characteristics of randomized controlled trials comparing GnRH agonists versus antagonists in oocyte donation cycles.

Study

Donors

(allocation),

recipients

Hormonal

pretreatment

GnRH agonist

protocol/

gonadotropin

type

GnRH antagonist

protocol/

gonadotropin

type

Criteria for

triggering

final oocyte

maturation

Triggering

final oocyte

maturation

Type of

fertilization

Donor-

recipient

ratio

Recipient

preparation

Shamma

et al.,

2003 (17)

29 donors (17

agonist, 12

antagonist),

62 recipients

OCP Depot Leuprorelin

3.75 mg

(midluteal

phase)/rFSH/3–5

ampoules/day þ 1

ampoule hMG (if

baseline LH <0.5)

Ganirelix by two

follicles 12–14 mm

(0.25 mg/d)/rFSH

3–5 ampoules þ 1

ampoule hMG (if

baseline LH <0.5)

At least two

follicles

18–20 mm

10,000 hCG ICSI 1:2–3 Oral E2 6 mg/d, E2

patch 0.1 mg/d,

P IM 100 mg/d

Lan,

2004 (20)

222 donors

(124 agonist,

98 antagonist),

222 recipients

OCP

(Marvelon)

Buserelin 0.5 mg/d

and reduced

to 0.2 mg/d after

down-regulation

(midluteal phase)

/Follitropin-b

100–300 IU/day

Ganirelix by a

follicle >14 mm

(0.25 mg/d)/

Follitropin-b

100–300 IU

At least two

follicles

R17 mm

5,000 hCG IVF/ICSI 1:1 Oral E2 valerate

4mg/d, micronized

vaginal P 600 mg/d

Prapas

et al.,

2005 (23)

98 donors

participating

with 148 cycles

(75 agonist, 73

antagonist),

148 recipients

Oral

contraceptive

(Gynofen)

Triptorelin 0.1 mg/d

(midluteal phase)

/Follitropin-b

300 IU/d

Ganirelixfixed on

day 8 (0.25 mg/d)

/Follitropin-b

300 IU

At least three

follicles

R17 mm

10,000 hCG ICSI 1:1 Oral E2 valerate

6 mg/d, micronized

vaginal P 600 mg/d

Sim�on

et al.,

2005 (16)

42 donors

(14 agonist, 14

standard-dose

antagonist, and

14 high-dose

antagonist),

51 recipients

Not

mentioned

Buserelin 0.6 mg/d

(21st–24th cycle

day)/Follitropin-b

150 IU/d

Ganirelix fixed on

day 6 (0.25 mg/d

for the standard-

dose group and

2.0 mg/d for the

high-dose group)

/Follitropin-b

150 IU

At least three

follicles

R17 mm

10,000 hCG IVF/ICSI 1:1.6 Oral E2 valerate

6mg/d, micronized

vaginal P 800mg/d

Shamma

et al.,

2006 (18)

58 donors (27 agonist,

31 antagonist),

107 recipients

OCP Depot Lupron

0.125 mg (luteal

phase)/rFSH 3–5

ampoules/d

Cetrorelix by a

follicle >14 mm

(0.25 mg/d)/rFSH

3–5 ampoules

At least four

follicles

18–20 mm

250 mg r-hCG ICSI 1:1.8 Oral E2 6 mg/day, E2

patch 0.1 mg/d,

P IM 100 mg/d

Bodri

et al.,

2006 (19)

118 donors (60

agonist, 58

antagonist),

166 recipients

None Triptorelin 0.1 mg/

d (cycle day 2)/

Follitropin-a

187.5 IU/d

Cetrorelix fixed

on day 6 (0.25

mg/d)/Follitropin-

a 225 IU

At least three

follicles

R18 mm

250 mg r-hCG ICSI 1:1.5 overall,

66 had 1:1

donor-

recipient

ratio

Oral E2 valerate

6mg/d, micronized

vaginal P 800mg/d

Mart�ınez

et al.,

2008 (21)

323 donors (160

agonist, 163

antagonist),

273 recipients

Vaginal

contraceptive

(Nuvaring)

Depot Leuprorelin

3.75 mg (cycle

day 20–22)/hMG

2–3 ampoules/d

Ganirelix fixed

on day 6 (0.25

mg/d)/Follitropin-

b 150–200 IU

At least three

follicles

R20 mm

10,000 hCG IVF/ICSI 1:1 Oral E2 valerate

6mg/d, micronized

vaginal P 600mg/d
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Primary Outcome: Ongoing Pregnancy Rate
Six of the eight studies reported recipient ongoing pregnancy rate as
an outcome. However, the donor recipient ration was 1:1 in only five
of the eight studies (Table 1). Pooling of results from those five stud-
ies showed no significant difference in recipient ongoing pregnancy
rate per randomized donor after COH with GnRH agonist– or antag-
onist–based protocols: RR 1.15 (95% CI 0.97 to 1.36; P¼.12;
heterogeneity P¼.80; I2 0%, fixed effects model; Fig. 2).
Secondary Outcomes
Oocytes retrieved Meta-analysis of seven of the eight studies that
reported the number of oocytes retrieved as an outcome showed
no significant difference in the number of retrieved oocytes after
COH with the GnRH agonist or antagonist protocols: WMD
�0.60 (95% C: �2.26 to 1.07; P¼.48; heterogeneity P¼.002;
I2 71%, random effects model; Fig. 3).

Duration of stimulation Five of the eight studies reported the dura-
tion of stimulation with gonadotropins as an outcome. Meta-analysis
of those five studies showed that the duration of stimulation was
significantly lower after COH with the GnRH antagonist protocol
compared with the agonist protocol: WMD �0.90 days (95%
CI �1.61 to �0.20 days; P¼.001; heterogeneity P<.00001; I2

91%, random effects model).

Gonadotropin consumption Data from one study (19) where differ-
ent gonadotropin starting doses were used were excluded from anal-
ysis. Meta-analysis of the remaining four studies that reported data
on gonadotropin consumption showed no significant difference after
COH with the GnRH agonist versus antagonist protocols: WMD
�264 IU (95% CI �682 to 154 IU; P¼.22; heterogeneity
P<.00001; I2 95%, random effects model.)

OHSS incidence Meta-analysis of four of the eight studies that
reported data on OHSS incidence showed no significant difference
after COH with the GnRH agonist versus antagonist protocols: RR
0.61 (95% CI 0.18 to 2.15; P¼.45; heterogeneity P¼.45; I2 0%,
fixed effects model).
DISCUSSION
The present systematic review and meta-analysis analyzed data from
eight RCTs on the use of GnRH agonists versus antagonists in COH
of oocyte donors. The findings suggest that there are no statistically
significant differences in ovarian response or recipient ongoing
pregnancy rates with the use of either GnRH agonist or antagonist
protocols.

Comparing our findings with other meta-analyses performed in
general IVF population (6, 7), a similar trend was observed in the
duration of stimulation and gonadotropin consumption. On the
other hand, the difference in the number of retrieved oocytes was
less important (0.60 vs. 1.07–1.19 fewer oocytes with antagonist
protocols) and ongoing pregnancy rates were not negatively
affected (RR 1.16 vs. odds ratio 0.82–0.86). This could be related
to the smaller number of trials included, but it could also suggest
real differences between donor and nondonor IVF. The oocyte
donation model allows studying oocyte quality and embryo
implantation potential separately from possible endometrial effects
of different stimulation protocols. In this context, it is interesting to
notice that pregnancy rates do not seem to be negatively affected
after oocyte donation compared with IVF patients, which might
suggest a negative endometrial effect related to the GnRH antagonist.
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FIGURE 2

Risk ratio for recipient ongoing pregnancy rate per randomized donor (studies with 1:1 donor-recipient ratio). Heterogeneity: c2¼ 1.64; df¼ 4

(P¼ .80); I2 ¼ 0. Test for overall effect: Z ¼ 1.57 (P¼ .12).

Study or Subgroup

Bodri 2006

Lan 2004

Martínez 2008a

Martínez 2008b

Prapas 2005

Total (95% CI)

Total events

Events

7

51

67

17

26

168

Total

33

98

163

44

73

411

Events

8

50

59

12

27

156

Total

33

124

160

40

75

432

Weight

5.3%

29.3%

39.5%

8.3%

17.7%

100.0%

M-H, Fixed, 95% CI

0.88 [0.36, 2.14]

1.29 [0.97, 1.72]

1.11 [0.85, 1.47]

1.29 [0.71, 2.35]

0.99 [0.64, 1.52]

1.15 [0.97, 1.36]

GnRH antagonist

M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2
Favors agonist

GnRH agonist Risk Ratio Risk Ratio

Favors antagonist
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The incidence of OHSS was not significantly different between
the two treatment groups, but this might be related to the fact that
the aggregated sample size was too small to detect any significant
difference. Furthermore it must be pointed out that hCG was used
exclusively for inducing the final oocyte maturation in all trials
except in the most recent one where GnRH agonist was partially
used in the antagonist arm. It has been suggested that the choice
of the triggering agent is directly related to the reduction in OHSS
incidence in the antagonist arm (24). Recent trials (8–10)
demonstrated extensively the elimination of the syndrome in
oocyte donors after GnRH agonist triggering. Moreover recent
RCTs (11–13) also showed similar outcome in terms of oocyte
maturation, fertilization rates, and recipient pregnancy rates after
substituting hCG with a GnRH agonist for inducing final oocyte
maturation in GnRH antagonist protocols. Therefore, owing to
their increased safety potential, GnRH antagonist–based protocols
coupled with GnRH agonist triggering could be advocated as
a first choice treatment regimen for donor stimulation (25, 26).
FIGURE 3

Weighted mean difference for the number of retrieved oocytes. Heterog

overall effect: Z ¼ 0.70 (P¼ .48).

Study or Subgroup

Shamma 2003

Lan 2004

Prapas 2005

Shamma 2006

Bodri 2006

Martínez 2008b

Martínez 2008a

Total (95% CI)

Mean

20.5

14.9

13.8

25.4

11.6

14

17.9

SD

9.8

8.3

3.2

9.2

5.8

5.7

8.6

Total

12

98

73

31

60

44

163

481

Mean

25.9

16.3

14.3

28.9

12.1

16.3

15

SD

11.1

11.1

2.7

13.7

6.7

6.8

6.1

Total

17

124

75

27

58

40

160

501

Weigh

4.0%

15.6%

22.8%

5.7%

16.9%

15.0%

20.0%

100.0%

GnRH antagonist GnRH agonist
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In the RCTs included and analyzed in the present review, recipi-
ents were not formally randomized, owing to the fact that a thorough
donor-recipient phenotype matching—which is an inherent part of
all oocyte donation programs—prevents random donor attribution.
Nonetheless, it is unlikely that this would introduce significant
bias, because the matching procedure is not influenced by the type
of stimulation protocol received by the donor. This is supported
by the fact that in the majority of the included trials, recipients
were similar regarding baseline characteristics such as age, BMI,
and indication for oocyte donation.

In this review, it was demonstrated that donor and recipient
outcome were not significantly different according to the type
of GnRH analogue used in donor stimulation. The validity of
this finding depends on the methodologic rigor of the review
and the component primary studies. A prospective protocol was
used, and a concerted effort was made to find all of the evidence.
Two independent reviewers assessed study quality and extracted
data, and the agreement between the two reviewers was high.
eneity: t2 ¼ 2.91; c2 ¼ 20.49; df ¼ 6 (P¼ .002); I2 ¼ 71%. Test for

t IV, Random, 95% CI

-5.40 [-13.05, 2.25]

-1.40 [-3.95, 1.15]

-0.50 [-1.46, 0.46]

-3.50 [-9.60, 2.60]

-0.50 [-2.76, 1.76]

-2.30 [-5.00, 0.40]

2.90 [1.28, 4.52]

-0.60 [-2.26, 1.07]

Year

2003

2004

2005

2006

2006

2008

2008

IV, Random, 95% CI

-10 -5 0 5 10
Favors agonist

Mean Difference Mean Difference

Favors antagonist
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One major problem usually encountered when synthesizing the
evidence in meta-analysis is clinical and methodologic heteroge-
neity between the studies. In our review, the methodologic quality
of the included RCTs was good and recipient follow-up complete.
The donor population was also uniform, owing to generally ac-
cepted criteria for inclusion in an oocyte-donation program.
Some clinical heterogeneity (type of GnRH analogues used) ex-
isted between treatment protocols used for donor stimulation,
but owing to the limited number of studies identified, it was
not feasible to perform a subgroup analysis. It is also important
to highlight that this review was only sufficiently powered to de-
Fertility and Sterility�
tect an �9% difference in recipient ongoing pregnancy rates be-
tween groups.

In conclusion, currently available evidence suggests a similar
effectiveness of GnRH antagonists and agonists in the context of oo-
cyte donation. Owing to its increased safety potential, the GnRH an-
tagonist protocol combined with GnRH agonist triggering could be
advocated as the treatment of first choice for oocyte donors.
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