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Abstract

Background: In-vitro fertilization is a known risk factor for ectopic pregnancies. We sought to establish the risk
factors for ectopic pregnancy in GnRH antagonist cycles examining patient and stimulation parameters with an

emphasis on ovulation trigger.

Methods: We conducted a retrospective, cohort study of 343 patients undergoing 380 assisted reproductive
technology (ART) cycles with the GnRH antagonist protocol and achieving a clinical pregnancy from November

2010 through December 2015.

Results: Significant risk factors for ectopic pregnancy in the univariate analysis included prior Cesarean section (C9),
endometriosis, mechanical factor infertility, longer stimulation, elevated estradiol and progesterone levels, GnRH
agonist trigger, higher number of oocytes aspirated, and insemination technique. Independent risk factors for
ectopic pregnancy in the multivariate analysis included GnRH agonist trigger, higher number of oocytes aspirated,

insemination technique, and prior Cesarean section.

Conclusion: Excessive ovarian response, IVF (as opposed to ICSI), prior Cesarean section and GnRH agonist trigger
were found to be independent risk factors for ectopic pregnancy. Caution should be exercised before incorporating
the GnRH agonist trigger for indications other than preventing OHSS. When excessive ovarian response leads to
utilization of GnRH agonist trigger, strategies for preventing ectopic pregnancy, such as a freeze all policy or
blastocyst transfer, should be considered. Further studies should elucidate whether adjusting the luteal support can

reduce the ectopic pregnancy risk.
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Background

In-vitro fertilization (IVF) is a known risk factor for ec-
topic pregnancies (EP). In fact the first reported IVF
pregnancy was ectopic [1]. During a natural conception,
it is assumed that ectopic pregnancy results due to reten-
tion of the embryo in the fallopian tube and alterations in
the tubal environment allowing early implantation to
occur [2]. But after embryo transfer in IVF cycles the
embryo must be displaced from the uterus to the fallopian
tube for an ectopic pregnancy to occur. In fact ectopic
pregnancies have been described in the contralateral
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fallopian tube after unilateral gamete intra-fallopian
transfer (GIFT) [3]. It is therefore likely that reduced
endometrial receptivity plays a role in the pathogenesis of
ectopic pregnancy.

The incidence of ectopic pregnancies in patients con-
ceived through IVF has been reported to be 2-5 % as
opposed to 0.8-2 % in naturally conceived pregnancies
[2, 4—6], but this rate has been declining [7]. The ectopic
pregnancy rate in the 90’s was between 2.4 to 5.4 % of
clinical pregnancies achieved through ART [8-11] with
heterotopic pregnancies as high as 15 % of EPs [9, 11].
More recent studies have placed the ectopic pregnancy
rate at 1.9-2.1 % for fresh cycles [12—-14] which is close
to the rate from natural conception pregnancies. The EP
rate for frozen/thawed embryo transfers may be even
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lower [12, 15, 16]. The decline in the ectopic pregnancy
rate may be due to a lower number of embryos trans-
ferred and/or the reduced frequency in which tubal cor-
rective surgery is utilized. It is also possible that since
the introduction of intracytoplasmic sperm injection
(ICSI) proportionately more patients in IVF programs
suffer from male factor infertility while proportionately
fewer suffer from mechanical factor infertility. Finally,
the ectopic pregnancy risk may be lower with blastocyst
transfer [7, 17].

Fallopian tube pathology is the most well defined risk
factor for EP [18], particularly after tubal corrective sur-
gery [19]. Other risk factors which have been reported
include smoking [2], endometriosis [20] and prior
cesarean section [21]. High estrogen levels during IVF
stimulation have also been associated with ectopic preg-
nancy [22-24] while an association between GnRH
agonist trigger and EP has been reported twice [25, 26].

The discovery that GnRH agonist triggering prevents
ovarian hyperstimulation syndrome (OHSS) has the
potential to change the way IVF is performed. With
the risk of OHSS virtually eliminated, we can aim for
a large number of embryos increasing the cumulative
pregnancy rate per stimulation cycle [27]. Since ovulation
trigger with GnRH agonist has become more common
and is even being considered in cases with a normal
ovarian response [28], it is important to determine
whether its use will increase the ectopic pregnancy
rate during the fresh cycle.

Indeed, altered endometrial gene expression after
GnRH agonist trigger was demonstrated when compared
to a control group of oocyte donors triggered with HCG
[29]. This transformation was reversed when donors
were given a bolus of 1,500 IU hCG 35 h after the GnRH
injection, or immediately after ovum pick. This altered
gene expression may be a sign of reduced endometrial
receptivity and predispose susceptible patients to ectopic
pregnancies after receiving a GnRH agonist trigger.

We sought to identify risk factors for ectopic preg-
nancy by retrospectively reviewing clinical pregnancies
attained at our facility through GnRH antagonist ART
cycles, particularly focusing on the different final oocyte
maturation alternatives, recombinant human chorionic
gonadotropin (r-hCG) and GnRH agonist.

Methods

We accessed a database of all in-vitro fertilization cycles
recording patient, treatment and outcome parameters at
our facility, collected with the approval of our institu-
tional ethics committee for the purposes of quality con-
trol and research. Included were patients whose last
menstrual cycle was from November, 2010 (when the
database was established), to December, 2015 (the last
clinical pregnancy when the data was reviewed).
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All couples attending our facility undergo a fertility
investigation including a medical, menstrual cycle and
obstetrical history, physical examination, a hormone
profile study and a sperm analysis. Women are referred to
hysterosalpingography (HSG) based upon known risk fac-
tors and when a cause for infertility cannot be ascertained
from the previous studies.

Male factor infertility was based on the WHO labora-
tory manual for the examination and processing of human
semen [30], polycystic ovary syndrome (PCOS) was diag-
nosed based upon the Rotterdam criteria [31] and mech-
anical factor infertility was based on any abnormality of
fallopian tube anatomy or pelvic adhesions demonstrated
on HSG or laparoscopy. The diagnosis of endometriosis
was made only when affirmed surgically.

Included in this study were all women undergoing a
GnRH antagonist ART cycles with a sonographically
identifiable intrauterine (IUP) or ectopic pregnancy. Pa-
tients began gonadotropin stimulation on day three of
the menstrual cycle. GnRH antagonists were adminis-
tered when the leading follicle reached 14 mm and were
continued daily up to oocyte maturation triggering.
Patients were monitored for follicle growth and endomet-
rial thickness. Estradiol and progesterone levels were typ-
ically measured on the day of trigger or one day before.
Follicle aspiration was scheduled 34 to 37 h after oocyte
maturation trigger [32].

Stimulation protocols were based on the patients ex-
pected ovarian response according to prior treatments,
age, weight, baseline follicle stimulating hormone (FSH)
and antral follicle count. The choice of gonadotropin
was flexible and took into account the patients’ preference,
insurance coverage, price and compliance with self-
administered versus nurse administered compounds. The
antagonist used were either Cetrorelix (as acetate) 0.25 mg
(Cetrotide, Merck Serono S.A., Switzerland) or Ganirelix
0.25MG (Orgalutran, N.V. Organon, Netherlands). All the
participants were triggered with either 250 mcg choriogo-
nadotropin alfa (r-hCG) (Ovitrelle, Merck Serono LTD) or
0.2 mg triptorelin acetate (Decapeptyl, Ferring Pharmaceu-
ticals Israel). Patients who received a dual trigger with both
r-hCG and GnRH agonist were not included.

Patients triggered with r-hCG were given luteal sup-
port in the form of oral beta estradiol tablets (Estrofem,
Novo Nordisk A/D Denmark) 2 mg twice a day and va-
ginal progesterone suppositories (Endometrin, Ferring
Pharmaceuticals Israel) of 100 mg twice a day starting
on the day of embryo transfer. Patients were triggered
with GnRH agonist if they were deemed at risk of OHSS
and were given a more intensive luteal support regimen
beginning on the day of follicle aspiration (as opposed to
the day of embryo transfer) and consisting of 2 mg beta
estradiol tablets and 100 mg progesterone suppositories
three times a day each. Alternatively, patients at a lower
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risk of OHSS, as determined by the physician on the day
of oocyte aspiration, were given low doses of hCG as re-
ports have suggested that vaginally administered proges-
terone may not be sufficient after GnRH agonist trigger
[33]. Furthermore, there were patients who received
GnRH agonist in an attempt to increase the proportion
of mature oocytes (NCT01638026); these patients also
received a low dose of hCG.

Embryos were transferred to the uterine cavity 48 or
72 h after oocyte retrieval. The transfer was performed
under abdominal ultrasound guidance with either the
Cook K-SOFT-5000 catheter, utilizing the optional guide
when necessary, or the Wallace Sure-Pro Ultra. Between
one to four embryos were transferred, corresponding to
the Israel Fertility Association guidelines from 2010
(www.ayala.org.il, Hebrew).

BHCG levels were measured 14 days after embryo
transfer. PHCG levels below 5 IU/L were considered
negative. Between 5 to 15 IU/L were considered indeter-
minate and above 15 were considered positive. Patients
with indeterminate PHCG levels were considered posi-
tive if their BHCG increased after 48 h. All BHCG posi-
tive patients had additional PHCG measurements as
necessary. Biochemical pregnancies were defined by
those patients with declining PHCG levels. These pa-
tients were followed until PHCG tested negative and
generally did not undergo an ultrasound examination.
Patients with increasing or plateau PHCG were followed
sonographically. Intrauterine pregnancies were con-
firmed when a gestational sac with an echoic ring was
noted on ultrasound. Sonographic evidence of an ectopic
pregnancy included an non-homogenous adnexal mass
adjacent to, but separate from the ovary, a mass with an
echoic ring surrounding a gestational sac (bagel sign), or
a gestational sac with a fetal pole with or without a
heartbeat [34, 35]. Patients with biochemical pregnancies
or pregnancies of unknown location were not included
in the study.

Table 1 Antagonist cycle protocols during the study period
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Statistical analysis: Categorical variables are presented
as frequencies and percentages. Continuous variables are
presented with mean * standard deviation and [median].
To determine the association between background and
treatment parameters to the outcome (IUP versus EP)
we used univariate logistic regression utilizing generalized
estimating equations methodology (GEE SAS GENMOD
procedure). The GENMOD procedure was used for the
analysis of correlated data as there were patients who
appear more than once in the database. Multivariate lo-
gistic regression utilizing GEE was then implemented
to ascertain the independent risk factors for the out-
come. The estradiol and progesterone levels and endo-
metrial thickness data were adjusted to account for the
day they were taken: on the day of oocyte maturation
triggering or one day before. Seven values for each vari-
able were not included in the analysis because data was
not available on one of those two days. The data were
analyzed with SAS 9.2 software (SAS Institute Inc,
Cary, NC). A p value < 0.05 was considered to be statis-
tically significant.

Results

During the study period 840 women underwent 1455
antagonist protocol cycles where at least one fresh em-
bryo was transferred (Table 1). The pregnancy rate
among those triggered with GnRH agonist was 26 % vs
31 % among those triggered with rHCG (NS). There
were 11 ectopic pregnancies among the 264 women trig-
gered with GnRH agonist (4.17 %) versus 10 ectopic
pregnancies among the 1169 women triggered with
rHCG (0.86 %) (P<0.001, Fisher’s exact test). There
were 22 cycles where both rHCG and GnRH agonist
were administered for maturation triggering. We occa-
sionally opt for the dual trigger when patients have a his-
tory of empty follicle syndrome [36] or low rate of mature
oocytes in prior cycles. These cycles were not included in
the analysis. The remaining analysis was done only for the

rHCG trigger GnRHa trigger Both Total
Number 1169 264 22 1455
Age (years) 3272+6.34 [32] 29.64 +5.23 [29] 3377 +£5.80 [34] 32.18+6.25 [32]
BMI (kg/m?) 2577 £542 [247] 25521561 [24.2] 2552 +4.69 [24.3] 2572 +544 [24.6]
Duration (years) 299+ 2.58 [2] 313+255[2] 3.28+238 [2.5] 3.02+2.58 [2]
FSH (IU/L) 731+3.02 [6.7] 6.26 +2.14 [6.04] 8.06+5.78 [6.25] 7.14£296 [6.58]
Oocytes aspirated 758+4.50 [7] 1448 +7.95 [13] 745 +4.06 (8] 882+ 591 [8]
Embryos transferred 1.90 + 0.69 [2] 1.92+065 [2] 232+1.09 [2] 191+ 069 [2]
Pregnant 367 (31 %) 69 (26 %) 4 (18 %) 440 (30 %)
Biochemical 47 (4.0 %) 9 (3.4 %) 0 (0 %) 56 (3.8 %)
IUP 310 (27 %) 49 (19 %) 4 (18 %) 363 (25 %)
EP 10 (0.86 %) 11 (417 %) 0 (0 %) 21 (1.44 %)
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subgroup of patients where it could be ascertained
whether the pregnancy was intrauterine or extrauterine.

Included were 343 women undergoing 380 ART cycles
and attaining an identifiable pregnancy. There were 359
intrauterine pregnancies and 21 ectopic pregnancies
(5.53 % EP rate per cycle resulting in a clinical pregnancy).
Among the 21 ectopic pregnancies were an interstitial
pregnancy in a patient who had previously undergone a
bilateral salpingectomy, a cervical pregnancy and a broad
ligament ectopic pregnancy.

The results of the univariate analysis are presented in
Table 2. No significant association between ectopic preg-
nancy and age, infertility duration, BMI, baseline FSH,
parity, and prior nonviable pregnancies (ending in mis-
carriage, ectopic pregnancy or termination of pregnancy)
could be found. Patients with an ectopic pregnancy were
more likely to have had endometriosis, mechanical factor
infertility or a prior Cesarean section. No association
was found between the outcomes and whether LH was
included in the stimulation protocol, or the total dose of
FSH administered. Women with an ectopic pregnancy
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were more likely to have had conventional IVF rather
than ICSL

Estradiol and progesterone levels were significantly
higher in the EP group, as were the number of days of
gonadotropin stimulation and the number of oocytes
aspirated. Endometrial thickness was not significantly
associated with ectopic pregnancy.

Women triggered with GnRH agonist were more likely
to have an ectopic pregnancy than those triggered with
r-HCG. The odds ratio of having received GnRH agonist
for a woman with an ectopic pregnancy was 7.55 with a
P value < 0.0001. Another way of looking at the data: 60
patients had clinically identifiable pregnancies after
GnRH agonist trigger, of those 11 or 18 % had an EP,
while among the 320 patients triggered with r-hCG, ten
or only 3.1 % had an EP.

Of the sixty patients who were given a GnRH agonist
trigger, thirty had luteal support which included hCG
and thirty had luteal support regimens which included
only progesterone and estradiol supplements. The ad-
justed odds ratio for ectopic pregnancy for patients

Table 2 Univariate analysis of patient, treatment and outcome parameters

Outcome P-value OR [95 % Cl]

IUP (N=359) EP (N=21)
Age (years) 3093 +5.8 [31] 30.74+5.26 [32] 0.7346 0.99 [0.92-1.06]
Duration (years) 297 +243 [2] 3.23+239 [25] 0.6894 1.03 [0.89-1.2]
BMI (kg/m?) 26,68 +20.08 [24.61] 25.05+£4.94 [2241] 0.6499 0.98 [0.9-1.07]
FSH (IU/L) 6.96 +2.52 [6.59] 6.97 +2.62 [6.08] 0.9736 1.003 [0.84-1.19]
Parity 047 +0.68 [0] 0.62+0.59 [1] 0.3497 1.25 [0.78-1.98]
Prior CS 38 (10.58) 6 (2857) 0.0275 337 [1.14-9.91]
Male factor infertility 244 (67.97) 10 (47.62) 0.0854 045 [0.18-1.12]
Endometriosis 11 (3.06) 3(14.29 0.0199 4.89 [1.29-18.6]
Mechanical factor 53 (14.76) 8 (38.1) 0.0129 3.53 [1.31-953]
Unexplained 46 (12.81) 4 (19.05) 04282 1.56 [0.52-4.67]
PCOS 61 (16.99) 3(14.29 0.8444 0.88 [0.26-3.01]
IVF insemination 114 (32.02) 15 (71.43) 0.001 5.19 [1.95-13.83]
ICSI insemination 242 (67.98) 6 (28.57) 1
Total FSH dose (IU) 1865.72 £ 93857 [1675] 217024 £ 931.52 [2250] 0.0889 1.03 [0.99-1.08)°
LH included in stimulation 131 (36.49) 9 (42.86) 06775 1.19 [0.52-2.73]
Stimulation days 875+ 1.84 (9] 948+ 1381 [9] 0.0273 1.21 [1.02-1.44]
Estradiol (pg/mL) 1470.73 £ 778.02 [1336.4] 2112.88 +1302.22 [1679.7] 0.0134 1.08 [1.02-1.14)2F
Progesterone (ng/mL) 09+04 [0.8] 1.14+ 04 [1.08] 00116 2.85 [1.26-6.45)°
Endometrial Thickness (mm) 10.25+2.29 [10] 922 +242 [9] 0.0965 0.8 [0.61-1.04] <
GnRH agonist trigger 49 (13.65) 11 (52.38) <0001 7.55[3.01-18.96]
r-HCG trigger 310 (86.35) 10 (47.62) 1
Number of oocytes aspirated 851497 [8] 12671662 [11] 0.0033 1.13 [1.04-1.22]
Number of embryos transferred 1.93+063 [2] 1.86+048 [2] 0.3385 0.72 [0.36-1.42]

Categorical variables are presented as frequencies and percentages. Continuous variables are presented with mean + standard deviation and [median]
2Calculated per 100 unit increase, ®adjusted for day measured relative to the day of ovulation trigger (see text), “Calculated per 5 mm increase
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without hCG during the luteal phase was 3.16 (CIL: 0.63—
16.02, P = 0.1638). In other words, hCG administered dur-
ing the luteal phase did not protect patients given GnRH
agonist trigger from the ectopic pregnancy outcome.

After multivariate logistic regression analysis (Table 3)
factors found to be significantly associated with EP included
prior cesarean section, fertilization by IVF and not ICS],
number of oocytes aspirated and GnRH agonist trigger.

Other potential confounders which were tested and
found to not correlate with the clinical outcome tested
included the type of gonadotropins used (recombinant
or urinary), which antagonist was used, day 2 versus day
3 embryo transfer (data for 5 patients who had embryo
transfers on days other than 2 or 3 were not included),
the identity of the transferring physician, the type of
catheter used and the number of embryos transferred.

Discussion

Patient Parameters

Mechanical factor infertility, endometriosis, a prior
cesarean section and fertilization through IVF without
ICSI, were found to associated with ectopic pregnancy.
Endometrial thickness was numerically lower in the ec-
topic pregnancy group but this did not reach statistical
significance (P =0.0965) Recently, Rombauts et al. found
that a combined endometrial thickness under 9 mm en-
genders a 4-fold risk of ectopic pregnancy compared with
an endometrial thickness over 12 mm [37], which he attri-
butes to the directionality of uterine peristalsis waves.

The association between mechanical factor and ectopic
pregnancy is well established, though after multivariate
analysis this risk factor was not found to be statistically
significant. However, insemination through IVF without
ICSI remained significant. Method of insemination is a
consequence of patient parameters; the proportion of
mechanical factor and endometriosis is higher in IVF pa-
tients in comparison to ICSI patients in whom the diagno-
sis of male infertility is more prevalent. In this respect, the
method of insemination is a surrogate parameter for cause
of infertility and therefore it was this parameter which
remained independent in the multivariate analysis. This
association has been described before [8].

Prior Cesarean section was also found to be an inde-
pendent risk factor for ectopic pregnancy. The reason
for this association, which has been described before
[21], is unclear though it may be a reflection of reduced

Table 3 Multivariate analysis

Risk factor P-value Adj.OR [95 % CI]
Prior CS 0.0089 5.34 [1.52-18.72]
IVF insemination 0.0001 883 [2.87-27.13]
GnRH trigger 0.0011 6.37 [2.10-19.33]
No. oocytes aspirated 0.0363 1.09 [1.01-1.19]
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endometrial receptivity or the presence of other con-
founding factors.

Stimulation parameters

Patients with an excessive ovarian response, as demon-
strated with significantly more stimulation days, higher
estradiol and progesterone levels and a greater number
of oocytes aspirated, were found to be at higher risk for
ectopic pregnancy. Multivariate logistic regression indi-
cated that the parameter most closely associated with ec-
topic pregnancy was the number of oocytes aspirated.
GnRH agonist trigger was also found to be associated
with ectopic pregnancy. This association remained sig-
nificant in the multivariate analysis suggesting that
GnRH agonist trigger is an independent risk factor for
ectopic pregnancy and not just a byproduct of it being
administered when ovarian stimulation is excessive. This
association between GnRH agonist trigger and EP is of
clinical significance since GnRH agonist trigger is being
advocated for IVF in general and not only for those pa-
tients at risk for OHSS [28].

High estrogen levels during IVF stimulation has
already been documented to be associated with ectopic
pregnancy [22-24]. Endometrial priming requires ad-
equate estradiol levels for a relatively short duration of
time [38], ovarian stimulation leading to supraphysiolo-
gical steroid production may lead to changes in the
endometrium altering its receptivity [39, 40]. Additionally,
elevated estrogen levels were found to lead to increased
uterine contractions [41]. In a laboratory setting, elevated
estrogen levels increased fallopian tube ciliary beat fre-
quency [42]. This combination of increased uterine con-
tractibility with tubal ciliary motion may increase the risk
of EP in susceptible patients. In the multivariate analysis
the number of oocytes aspirated, and not estradiol levels,
remained associated with ectopic pregnancy. Since these
two parameters are closely related, it cannot be ruled out
that it is indeed the high estrogen levels which are a cause
for ectopic pregnancy, but it is feasible that the cause of
ectopic pregnancies in hyper-responders is a substance
produced by the follicle around the time of the ovulatory
trigger other than estrogen. For example, vascular endo-
thelial growth factor A (VEGFA) and prostaglandin E2
(PGE2) both increase dramatically in response to the LH
surge [43]. Indeed, these substances have been shown to
be elevated in ectopic pregnancies relative to intrauterine
pregnancies [44, 45].

The luteal phase and luteal phase support

There are two other reports of increased ectopic
pregnancy after GnRH trigger. Sahin et al, reported
an increased rate of ectopic pregnancies in patients
triggered with GnRH agonist (6 ectopic pregnancies
versus 65 clinical pregnancies or 8.5 %) as compared
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to those triggered with hCG (5 ectopic pregnancies versus
286 clinical pregnancies or 1.7 %) [25]; they too found that
this risk was independent of estrogen levels. Luteal
support in this study included 50 mg of progesterone
intramuscularly and 5 mg of oral estradiol hemihydrates
daily commencing on the day of oocyte aspiration
(personal communication).

Sousa et al. reported an increased rate of ectopic preg-
nancies in patients at risk of OHSS who received the
GnRH agonist Buserelin [26]. In their study 4 patients
out of 20 (20 %) with a clinical pregnancy after Buserelin
trigger had an ectopic pregnancy. This was significantly
higher than those receiving HCG for ovulation trigger
(1.6 %) who were not at risk for OHSS. Luteal support
in this cohort of patients after Buserelin trigger included
600 mg of intravaginal natural-micronized progesterone
and one oral tablet of 2 mg oral estradiol commencing
on the day of oocyte retrieval.

The additional oral estrogen between follicle aspiration
and embryo transfer may be a contributing factor to the
increased EP rate due to its effect on uterine contractions
and tubal motility. For example, Decleer et al., observed
that three of six ectopic pregnancies after frozen-thawed
embryo transfer occurred in one year, of a ten year study,
after they switched from a natural endometrial prepar-
ation protocol to an hormone replacement protocol [12].
Nevertheless, in cycles triggered with GnRH agonist, es-
trogen support is recommended since the relatively short
endogenous LH surge leads to premature corpus luteum
demise and may be detrimental to endometrial receptivity
[46]. Estradiol levels are significantly lower on the day of
oocyte aspiration and embryo transfer when oocyte
maturation is triggered with GnRH agonist as opposed to
hCG, but they are still relatively high compared to
the natural cycle [47-49], therefore it would appear
that withholding estradiol between oocyte aspiration
and embryo transfer may be done without comprising
the luteal phase of these patients.

Engmann et al., introduced the intensive luteal support
regimen for women triggered with GnRH agonist [50]
consisting of transdermal E2 patches adjusted to maintain
an estradiol serum level of 200 pg/mL and intramuscular
progesterone of 50 mg daily adjusted to maintain a level
above 20 ng/mL. Using this protocol high pregnancy rates
were attained but the rate of ectopic pregnancies, if any,
was not reported.

An alternative strategy for luteal support is adminis-
trating a low dose of HCG at the time of oocyte aspir-
ation but this strategy does not completely prevent
OHSS in high risk patients [51, 52]. Orvieto et al., pro-
posed a flexible approach accounting for estradiol levels
and the number of oocytes aspirated with an option of
HCG luteal support commencing on the day of embryo
transfer if there are no signs of early moderate OHSS
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[53]. In our study, patients who received hCG during the
luteal phase were not at a significantly decreased risk of
ectopic pregnancy than those that did not. So it is not
clear if adjusting the luteal support can alter the ectopic
pregnancy risk.

Embryo transfer technique or day of embryo transfer
Embryo transfer technique has been implicated in the
rate of ectopic pregnancies [54, 55]. In our study transfers
were performed under abdominal ultrasound guidance
with the intention of depositing the embryos in the
mid-uterus portion [56]. There was no difference in
ectopic pregnancy rate according to the physician con-
ducting the transfer or the transfer catheter used. Also,
performing embryo transfer on day 2 or day 3 did not
affect the rate of EP.

Conclusion

We found that ectopic pregnancy was independently as-
sociated with, an increased number of oocytes aspirated,
prior cesarean section, oocyte insemination through IVF
without ICSI, and GnRH trigger.

Insemination by IVF without ICSI is most likely a sur-
rogate parameter encompassing mechanical factor infer-
tility (including cases which remained undiagnosed) and
endometriosis and, most likely, does not in itself increase
the risk of ectopic pregnancy. The mechanism whereby
Cesarean section increases the risk of ectopic pregnancy
is unclear but has been described before.

The mechanism whereby a large number of oocytes
increases the risk of ectopic pregnancy may be through
the closely related elevated estrogen levels or may be
mediated through other factors produced by the follicle
or corpus luteum.

Finally, we found that GnRH trigger is a risk factor for
ectopic pregnancy independent of the other parameters.
In our study, 18 % of women triggered with GnRH agon-
ist and with a clinically identifiable pregnancy had an ec-
topic pregnancy. The corresponding ectopic pregnancy
rate was 20 % in the study by Sousa [26] and it was
8.5 % in the study by Sahin [25]. This data is worrisome
since GnRH agonist trigger is being utilized more and
more, and not only to prevent OHSS.

It is also interesting that of the twenty-one ectopic
pregnancies, three were in unusual locations. A recent
study found that 28 % of non-tubal ectopic pregnancies
were associated with fertility treatment [57] so that these
unusual ectopic pregnancies are probably more frequent
after ART.

The main drawback of the present study is its retro-
spective nature and the small number of participants
with an ectopic pregnancy, since ectopic pregnancy is a
relatively rare outcome of IVF treatment. As a retro-
spective study based on a database which was collected
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prospectively, not all parameters of interest were available.
While we had data on the parity and gravity of our pa-
tients, we were not able to know the number of patients
with prior ectopic pregnancies, whether patients smoked
or not, whether they had a history of tubal surgery or
pelvic Inflammatory Disease. One advantage of this
study is that not all patients were given GnRH agonist
specifically to prevent OHSS, therefore it was possible to
separate the risk associated with hyperstimulaiton versus
the risk of the GnRH trigger itself.

The option of triggering oocyte maturity with GnRH
agonist and thus largely avoiding OHSS, may entice cli-
nicians to revert to aggressive stimulation protocols.
They should be advised that doing so, may place the pa-
tient at an increased risk of ectopic pregnancy as well as
possibly compromising the quality gametes, embryos
and endometrium [58]. When confronted with a patient
with risk factors for ectopic pregnancy, particularly high
responders, caution is advised. Possible steps which may
reduce the risk of EP may include withholding estradiol
therapy between oocyte aspiration and embryo transfer
to reduce uterine contractions or adopting an intensive
luteal support protocol maintaining high levels of pro-
gesterone. Further research is needed to determine the
optimal luteal support and whether adjusting the luteal
support could reduce the ectopic pregnancy rate. Blasto-
cyst transfer may reduce the ectopic pregnancy rate as
well [17]. Consideration should be given to refraining
from fresh transfer altogether and cryopreserving all
embryos [59, 60]; this in accordance with each facilities
cryopreservation experience and outcomes. Furthermore,
caution should be exercised before adopting GnRH
agonist trigger protocols for indications other than
the prevention of OHSS.

Ethics approval
The study was approved by the local institutional review
board.

Abbreviations

aOR: adjusted odds ratio; ART: assisted reproductive technologies; BMI: body
mass index; CS: Cesarean section; EP: ectopic pregnancy; FSH: follicle
stimulating hormone; GIFT: gamete intra-fallopian transfer;

GnRH: gonadotropin releasing hormone; HSG: hysterosalingography;

ICSI: intracytoplasmic sperm injection; IUP: intrauterine pregnancy;

IVF: in vitro fertilization; LH: luteinizing hormone; OHSS: ovarian
hyperstimulation syndrome; PCOS: polycystic ovary syndrome;

PGE2: prostaglandin E2; r-hCG: recombinant human chorionic gonadotropin;
VEGFA: vascular endothelial growth factor A.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

AW conceived and designed the study, supervised the data collection,
assisted in the analysis and drafted the manuscript. RBF and ES assisted in
data analysis and drafting of the manuscript. JG, ML and YG assisted in data
collection. All authors read and approved the final manuscript.

Page 7 of 8

Acknowledgment
Ms. Naama Schwartz, PhD for statistical analysis

Received: 11 December 2015 Accepted: 2 March 2016
Published online: 23 March 2016

References

1. Steptoe PC, Edwards RG. Reimplantation of a human embryo with
subsequent tubal pregnancy. Lancet. 1974;307:880-2.

2. Shaw JLV, Dey SK, Critchley HOD, Horne AW. Current knowledge of the aetiology
of human tubal ectopic pregnancy. Hum Reprod Update. 2010;16:432-44.

3. Keeping D, Harrison K, Sherrin D. Ectopic Pregnancy Contralateral to
Unilateral GIFT. Aust N Z J Obstet Gynaecol. 1993;33:95-6.

4. LiC, Meng C-X, Zhao W-H, Lu H-Q, Shi' W, Zhang J. Risk factors for ectopic
pregnancy in women with planned pregnancy: a case-control study. Eur J
Obstet Gynecol Reprod Biol. 2014;181C:176-82.

5. Westrom L. Incidence, trends, and risks of ectopic pregnancy in a
population of women. Br Med J. 1981;282(January):15-8.

6. Kamwendo F, Forslin L, Bodin L, Danielsson D. Epidemiology of ectopic
pregnancy during a 28 year period and the role of pelvic inflammatory
disease. Sex Transm Infect. 2000;76:28-32.

7. Santos-Ribeiro S, Tournaye H, Polyzos NP. Trends in ectopic pregnancy rates
following assisted reproductive technologies in the UK: a 12-year
nationwide analysis including 160 000 pregnancies. Hum Reprod. 2016;31:
dev315.

8. Strandell A, Thorburn J, Hamberger L. Risk factors for ectopic pregnancy in
assisted reproduction. Fertil Steril. 1999;71:282-6.

9. Marcus SF, Brinsden PR. Analysis of the incidence and risk factors associated
with ectopic pregnancy following in-vitro fertilization and embryo transfer.
Hum Reprod. 1995;10:199-203.

10.  Pyrgiotis E, Sultan KM, Neal GS, Liu HC, Grifo JA, Rosenwaks Z. Ectopic
pregnancies after in vitro fertilization and embryo transfer. J Assist Reprod
Genet. 1994;11:79-84.

11. Ng EH, Yeung WS, So WW, Ho PC. An analysis of ectopic pregnancies
following in vitro fertilisation treatment in a 10-year period. J Obstet
Gynaecol. 1998;18:359-64.

12. Decleer W, Osmanagaoglu K, Meganck G, Devroey P. Slightly lower
incidence of ectopic pregnancies in frozen embryo transfer cycles versus
fresh in vitro fertilization-embryo transfer cycles: a retrospective cohort
study. Fertil Steril. 2014;101:162-5.

13. Smith LP, Oskowitz SP, Dodge LE, Hacker MR. Risk of ectopic pregnancy
following day-5 embryo transfer compared with day-3 transfer. Reprod
Biomed Online. 2013;27:407-13.

14.  Clayton HB, Schieve LA, Peterson HB, Jamieson DJ, Reynolds MA, Wright VC.
Ectopic pregnancy risk with assisted reproductive technology procedures.
Obstet Gynecol. 2006;107:595-604.

15. Huang B, Ph D, Hu D, Qian K, Ph D, Ai J, Ph D, Li Y, Ph D, Jin L, Ph D. Is
frozen embryo transfer cycle associated with a signi fi cantly lower
incidence of ectopic pregnancy ? An. Fertil Steril. 2013;102:1345-9.

16. Londra L, Moreau C, Strobino D, Garcia J, Zacur H, Zhao Y. Ectopic
pregnancy after in vitro fertilization: differences between fresh and frozen-
thawed cycles. Fertil Steril. 2015;104:110-8.

17. Fang C, Huang R, Wei LN, Jia L. Frozen-thawed day 5 blastocyst transfer is
associated with a lower risk of ectopic pregnancy than day 3 transfer and
fresh transfer. Fertility and sterility. 2015;103:655-61.

18. Ankum WM, Mol BW, Van der Veen F, Bossuyt PM. Risk factors for ectopic
pregnancy: a meta-analysis. Fertil Steril. 1996,65:1093-9.

19.  Audebert A, Pouly JL, Bonifacie B, Yazbeck C. Laparoscopic surgery for distal
tubal occlusions: lessons learned from a historical series of 434 cases. Fertil
Steril. 2014;1977:1203.

20. Hjordt Hansen MV, Dalsgaard T, Hartwell D, Skovlund CW, Lidegaard O.
Reproductive prognosis in endometriosis. A national cohort study. Acta
Obstet Gynecol Scand. 2014;93:483-9.

21. O'Neill SM, Agerbo E, Kenny LC, Henriksen TB, Kearney PM, Greene RA,
Mortensen PB, Khashan AS. Cesarean section and rate of subsequent
stillbirth, miscarriage, and ectopic pregnancy: a Danish register-based
cohort study. PLoS Med. 2014;11, e1001670.

22. Wu Z LiR MaY, Deng B, Zhang X, Meng Y, Chen X, Liu P, Qiao J. Effect of
HCG-day serum progesterone and oestradiol concentrations on pregnancy
outcomes in GnRH agonist cycles. Reprod Biomed Online. 2012;24:511-20.



Weiss et al. Reproductive Biology and Endocrinology (2016) 14:12

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

Wang J, Wei Y, Diao F, Cui Y, Mao Y, Wang W, Liu J. The association
between polycystic ovary syndrome and ectopic pregnancy after in vitro
fertilization and embryo transfer. Am J Obstet Gynecol. 2013,;209:139.

Lavy G, DeCherney AH. The hormonal basis of ectopic pregnancy. Clin
Obstet Gynecol. 1987;30:217-24.

Sahin S, Ozay A, Ergin E, Turkgeldi L, Kiriim E, Ozornek H. The risk of
ectopic pregnancy following GnRH agonist triggering compared with hCG
triggering in GnRH antagonist ivf cycles. Arch Gynecol Obstet. 2014.

Sousa M, Cunha M, Teixeira Da Silva J, Oliveira C, Silva J, Viana P, Barros A.
Ovarian hyperstimulation syndrome: a clinical report on 4894 consecutive
ART treatment cycles. Reprod Biol Endocrinol. 2015;13:66.

Shapiro BS, Andersen CY. Major drawbacks and additional benefits of
agonist trigger—not ovarian hyperstimulation syndrome related. Fertil
Steril. 2015;103:874-8.

Humaidan P, Polyzos NP. Human chorionic gonadotropin vs. gonadotropin-
releasing hormone agonist trigger in assisted reproductive technology-"The
king is dead, long live the king!". Fertil Steril. 2014;102:339-41.

Humaidan P, Van Vaerenbergh |, Bourgain C, Alsbjerg B, Blockeel C, Schuit F,
Van Lommel L, Devroey P, Fatemi H. Endometrial gene expression in the
early luteal phase is impacted by mode of triggering final oocyte
maturation in recFSH stimulated and GnRH antagonist co-treated IVF cycles.
Hum Reprod. 2012;27:3259-72.

Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HWG, Behre HM,
Haugen TB, Kruger T, Wang C, Mbizvo MT, Vogelsong KM. World Health
Organization reference values for human semen characteristics. Hum
Reprod Update. 2010;16:231-45.

Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group.
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome (PCOS). Hum Reprod. 2004;19:41-7.
Weiss A, Neril R, Geslevich J, Lavee M, Beck-Fruchter R, Golan J, Shalev E.
Lag time from ovulation trigger to oocyte aspiration and oocyte maturity in
assisted reproductive technology cycles: a retrospective study. Fertil Steril.
2014;102:419-23.

Humaidan P, Bredkjaer HE, Bungum L, Bungum M, Grendahl ML,
Westergaard L, Andersen CY. GnRH agonist (buserelin) or hCG for ovulation
induction in GnRH antagonist IVF/ICSI cycles: a prospective randomized
study. Hum Reprod. 2005;20:1213-20.

Shalev E, Yarom |, Bustan M, Weiner E, Ben-Shlomo I. Transvaginal
sonography as the ultimate diagnostic tool for the management of ectopic
pregnancy: experience with 840 cases. Fertil Steril. 1998,69:62-5.

Condous G, Okaro E, Khalid A, Lu C, Van Huffel S, Timmerman D, Bourne T.
The accuracy of transvaginal ultrasonography for the diagnosis of ectopic
pregnancy prior to surgery. Hum Reprod. 2005;20:1404-9.

Beck-Fruchter R, Weiss A, Lavee M, Geslevich Y, Shalev E. Empty follicle
syndrome: successful treatment in a recurrent case and review of the
literature. Hum Reprod. 2012;27:1357-67.

Rombauts L, McMaster R, Motteram C, Fernando S. Risk of ectopic
pregnancy is linked to endometrial thickness in a retrospective cohort
study of 8120 assisted reproduction technology cycles. Hum Reprod.
2015;30(12):2846-52.

Paulson RJ. Hormonal induction of endometrial receptivity. Fertil Steril.
2011,96:530-5.

Kolibianakis E, Bourgain C. Effect of ovarian stimulation with
recombinant follicle-stimulating hormone, gonadotropin releasing
hormone antagonists, and human chorionic gonadotropin on endometrial.
Fertil Steril. 2002;78(5):1025-9.

Bourgain C, Ubaldi F, Tavaniotou A. Endometrial hormone receptors and
proliferation index in the periovulatory phase of stimulated embryo
transfer cycles in comparison with natural cycles and relation. Fertil
Steril. 2002,78:237-44.

Kunz G, Noe M, Herbertz M, Leyendecker G. Uterine peristalsis during the
follicular phase of the menstrual cycle: effects of oestrogen, antioestrogen
and oxytocin. Hum Reprod Update. 1998;4:647-54.

Paltieli Y, Eibschitz 1ZU, Ziskind G, Ohel G, Silbermann M. High progesterone
levels and Ciliary dysfunction — a possible cause of ectopic pregnancy.

J Assist Reprod Genet. 2000;17(2):103-6.

Trau HA, Brannstrém M, Curry TE, Duffy DM. Prostaglandin E2 and vascular
endothelial growth factor a mediate angiogenesis of human ovarian
follicular endothelial cells. Hum Reprod. 2016;31:dev320.

Felemban A, Sammour A, Tulandi T. Serum vascular endothelial growth factor
as a possible marker for early ectopic pregnancy. Hum Reprod. 2002;17:490-2.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 8 of 8

Daniel Y, Geva E, Lerner-Geva L, Eshed-Englender T, Gamzu R, Lessing JB,
Bar-Am A, Amit A. Levels of vascular endothelial growth factor are
elevated in patients with ectopic pregnancy: is this a novel marker?
Fertil Steril. 1999;72:1013-7.

Engmann L, Benadiva C. Ovarian hyperstimulation syndrome prevention
strategies: luteal support strategies to optimize pregnancy success in cycles
with gonadotropin-releasing hormone agonist ovulatory trigger. Semin
Reprod Med. 2010;28:506-12.

Fauser BC, De Jong D, Olivennes F, Wramsby H, Tay C, Itskovitz-Eldor J, Van
Hooren HG. Endocrine profiles after triggering of final oocyte maturation
with GnRH agonist after cotreatment with the GnRH antagonist ganirelix
during ovarian hyperstimulation for in vitro fertilization. J Clin Endocrinol
Metab. 2002,87:709-15.

tskovitz-Eldor J, Kol S, Mannaerts B. Use of a single bolus of GnRH agonist
triptorelin to trigger ovulation after GnRH antagonist ganirelix treatment in
women undergoing ovarian stimulation for assisted reproduction, with
special reference to the prevention of ovarian hyperstimulation syndro.
Hum Reprod. 2000;15:1965-8.

Shalev E, Geslevich Y, Ben-Ami M. Induction of pre-ovulatory luteinizing
hormone surge by gonadotrophin-releasing hormone agonist for women
at risk for developing the ovarian hyperstimulation syndrome. Hum Reprod.
1994,9:417-9.

Engmann L, DiLuigi A, Schmidt D, Nulsen J, 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.
Seyhan A, Ata B, Polat M, Son W-Y, Yarali H, Dahan MH. Severe early ovarian
hyperstimulation syndrome following GnRH agonist trigger with the
addition of 1500 IU hCG. Hum Reprod. 2013;28:2522-8.

Humaidan P, Ejdrup Bredkjeer 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.

Orvieto R. Ovarian hyperstimulation syndrome- an optimal solution for an
unresolved enigma. J Ovarian Res. 2013;6:77.

Refaat B, Dalton E, Ledger WL. Ectopic pregnancy secondary to in vitro
fertilisation-embryo transfer. pathogenic mechanisms and management
strategies. Reprod Biol Endocrinol. 2015;13:30.

Pope C. Influence of embryo transfer depth on in vitro fertilization and
embryo transfer outcomes. Fertil Steril. 2004;81:51-8.

Mains L, Van Voorhis BJ. Optimizing the technique of embryo transfer. Fertil
Steril. 2010;,94:785-90.

Krissi H, Hiersch L, Stolovitch N, Nitke S, Wiznitzer A, Peled Y. Outcome,
complications and future fertility in women treated with uterine artery
embolization and methotrexate for non-tubal ectopic pregnancy. Eur J
Obstet Gynecol Reprod Biol. 2014;182:172-6.

Frydman R, Nargund G. Mild approaches in assisted reproduction-better for
the future? Fertil Steril. 2014;102:1540-1.

Griesinger G, Schultz L, Bauer T, Broessner A, Frambach T, Kissler S. Ovarian
hyperstimulation syndrome prevention by gonadotropin-releasing hormone
agonist triggering of final oocyte maturation in a gonadotropin-releasing
hormone antagonist protocol in combination with a “freeze-all” strategy:

a prospective multicentric st. Fertil Steril. 2011,95:2029-33. 2033.e1.

Herrero L, Pareja S, Losada C, Cobo AC, Pellicer A, Garcia-Velasco JA.
Avoiding the use of human chorionic gonadotropin combined with oocyte
vitrification and GnRH agonist triggering versus coasting: a new strategy to
avoid ovarian hyperstimulation syndrome. Fertil Steril. 2011;95:1137-40.



	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Patient Parameters
	Stimulation parameters
	The luteal phase and luteal phase support
	Embryo transfer technique or day of embryo transfer

	Conclusion
	Ethics approval
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgment
	References



