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Abstract

Objective: To assess whether increased progesterone level during controlled ovarian stimulation 
increases the risk of Ectopic Pregnancy (EP) following fresh Embryo Transfer (ET).

Design: Retrospective case-control study.

Materials and Methods: All cases (n=29) of EP (study group) were compared to 79 cases of documented 
viable intra-uterine pregnancies (control group) between August 2009 and December 2016 at an 
academically-affiliated fertility center (Clinique Ovo, Montreal, Canada). The control group cases were 
selected based on a random number generator model on a year-to-year basis. Bivariate analysis was 
conducted to assess the effect of all collected variables on EP.

Result: The two groups did not differ significantly in factors traditionally associated with EP (previous 
EP, endometriosis, tubal disease, history of pelvic infection, and abdominal surgery). Patients with EP 
were more likely to have had day 3 rather than a day 5 transfer (P=0.001), had double rather than a 
single ET (P=0.001), and finally were more likely to have had a difficult transfer (P=0.004), independently 
of the use of a rigid catheter. Median progesterone level measured on the day before or on the day of 
ovulation trigger was not statistically different between the two groups (2.55nmol/L for the study group 
vs. 2.52nmol/L for the control group, P= 0.169).

Conclusion: No relationship between late follicular phase progesterone level and EP could be 
demonstrated in this study. This can be due to a neutralizing effect of the opposing physiologic actions 
of progesterone: promoting uterine quiescence that favors intrauterine implantation on one side, and 
decreasing tubal ciliary beat frequency that promotes tubal implantation on the other.
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Introduction
Ever since the first pregnancy achieved with In Vitro Fertilization (IVF) and Embryo 

Transfer (ET) was ectopic [1], the association between Assisted Reproductive Technology 
(ART) and this morbid complication has been very solid, with some reports claiming that the 
risk of Ectopic Pregnancy (EP) may be increased as much as 2-fold in women who conceive via 
ART [2,3]. It remains very difficult to pinpoint the mechanisms responsible for this association, 
but some suggested explanations include inadvertent direct tubal ET or its natural migration 
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from the uterus into the tube. In a mock intrauterine ET with 50µl 
of radiopaque fluid, Knutzen et al. [4] showed that the material 
was transferred into the tube in almost half of the cohort, which 
is a lot higher than the natural incidence of EP. Accordingly, for the 
embryo to implant in the tube, there should be some pathological 
mechanism which prevents its movement back into the uterine 
cavity [5]. Independently of tubal damage that might be the reason 
for infertility and the need for ART to start with, the hormonal 
milieu may play a key role in the pathogenesis of EP.

In IVF-ET cycles, Progesterone (P) concentrations are 
supraphysiologic and exceed these of normal conception due to the 
multifollicular growth, the presence of multiple corpus lutea, and 
the additional iatrogenic supplementation for luteal phase support 
[6]. On one side, high P level contributes to uterine quiescence [7]. 
This decreased uterine contractility favors embryonic implantation 
in the uterine cavity as opposed to its migration into the fallopian 
tubes [6]. On the other side, high P level reduces ciliary beat 
frequency in both humans and mice fallopian tubes [8,9]. This 
resultant ciliary dysfunction could prevent the migration of the 
embryo back from the tubes into the uterus.

The evidence of P-related increase in EP comes from 
contraceptives’ studies. The risk of EP among women using 
progestin oral pills or progestin implants is 2 to 5-fold compared to 
other women of childbearing age [10,11]. The incidence of EP with 
progesterone-bearing IUD’s is also considerably greater (16.3% of 
the pregnancies) than observed with placebo device (5.1% of the 
pregnancies) [12]. However, to the best of our knowledge, no study 
to date assessed whether similar P-mediated increase in the risk 
of EP is seen in IVF-ET cycles. Hence the objective of our study is 
to assess whether increased late follicular phase P level during 
controlled ovarian stimulation increases the risk of EP following 
fresh ET.

Materials and Methods
Study design

This is a retrospective case-control study where all cases (n=29) 
of EP (study group) were compared to 79 cases of documented 
viable intrauterine pregnancies (control group) which were 
selected based on a random number generator model on a year-to-
year basis. All pregnancies were the result of an IVF cycle followed 
by fresh ET conducted between August 2009 and December 2016 at 
Clinique Ovo, a private fertility center affiliated with the Université 
de Montréal, Canada. 

The main exposure was progesterone level measured in 
nmol/L on the day before or on the day of ovulation trigger. 
Other exposures included known EP risk factors (history of pelvic 
inflammatory disease, endometriosis, documented tubal disease, 
previous EP and major abdominal surgery), and the IVF-ET cycle 
characteristics (type of protocol used, blood estradiol level prior to 
trigger, number of ovules obtained, endometrial thickness, day of 
ET, number of embryos transferred, difficulty of transfer, and the 
use of rigid catheter). Demographics as in age and smoking status 

were also accounted for.

ART protocols & assessment of primary exposure

Protocols were divided between antagonist, long agonist and 
short flare-up depending on the physician’s personalized decision 
for every case. Stimulation was achieved either with recombinant 
or urinary gonadotropins. A GnRH agonist or a GnRH antagonist 
was used for down-regulation. To monitor ovarian stimulation, 
serum levels of estradiol and P were recorded, followed by 
transvaginal ultrasound. Serum P was dosed by the ARCHITECT 
Progesterone (Abbott, i2000SR), a Chemiluminescent Microparticle 
Immunoassay (CMIA). 

Thirty-six hours after administration of urinary hCG, oocyte 
retrieval was performed under IV sedation. To fertilize the 
oocytes, either standard IVF or ICSI were used based on fertility 
indication. Single or double fresh ET was undertaken on day 3 
(cleavage stage) or day 5 (blastocyst stage) under trans-abdominal 
ultrasound guidance, with the embryos transferred around 1.5cm 
from the fundal endometrial surface. Note that ultrasounds, oocyte 
retrievals, and ET’s were performed by REI subspecialists or REI 
fellows according to the standardized protocols of the clinic. Luteal 
support was provided with 50 mg of intramuscular P daily and 
transdermal estradiol patches releasing 100mcg daily. 

Ethical considerations

The study was approved by our Institutional Review Board. 
Because of its anonymous chart review nature, and absence of any 
medical intervention, no patient consent was needed. There were 
no known conflicts of interest or financial support for this work 
that could have influenced its outcome.

Statistical analysis

Quantitative variables were reported as percentage or median 
with 25th & 75th percentiles, as appropriate. SPSS v22.0 (IBM, 
Armonk, New York) was used to carry the bivariate analysis to 
evaluate the association of each collected variable with EP. A 
P-value < 0.05 was considered statistically significant.

Result
As outlined in Table 1, there was no statistically significant 

difference in patients’ age between the study group and the control 
group, with a median of 36 and 34 years old respectively (P= 0.257). 
Bivariate analysis showed that patients with EP were significantly 
more likely to be suppressed with a GnRH agonist (41.4%), as 
opposed to 86.1% of those with intrauterine pregnancies being 
suppressed with a GnRH antagonist (P= 0.002). Nevertheless, this 
difference in stimulation protocols did not lead to any significant 
difference in the number of retrieved oocytes (11 vs. 10, P= 0.377), 
endometrial thickness at ovulation trigger (10.0 vs. 10.4 mm, P= 
0.116), nor serum P level (2.55 vs. 2.52nmol/L, P= 0.169) between 
the study group and control group respectively. There was a trend 
for higher blood estradiol level in patients with EP, but it did not 
reach statistical significance (7668 vs. 5862pmol/L, P= 0.060).
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Table 1: Results of the bivariate analysis. IUP: intra-uterine pregnancies; PID: pelvic inflammatory disease.

EP (n=29) IUP (n=79)

n (%) n (%) P value

History of PID 0 (0) 2 (2.5) 1.000

Endometriosis 0 (0) 5 (6.3) 0.321

Previous EP 2 (6.9) 1 (1.3) 0.175

Tubal disease 2 (6.9) 8 (10.1) 1.000

Major abdominal surgery 1 (3.4) 0 (0) 0.269

Difficult transfer 4 (13.8) 0 (0) 0.004

Use of rigid catheter 2 (6.9) 0 (0) 0.07

Smoking 0 (0) 11 (13.9) 0.034

Stimulation protocol 0.002

Antagonist 17 (58.6) 68 (86.1)

Long 7 (24.1) 3 (3.8)

Short 5 (17.2) 8 (10.1)

Median (25th-75th centile) P value

Age (years) 36 (31-38) 34 (31-37) 0.257

Endometrial thickness (mm) 10.0 (8.8-11.4) 10.4 (9.2-12.8) 0.116

Number of retrieved oocytes 11 (8-15) 10 (6-14) 0.377

Day of transfer 3 (3-3) 3 (3-5) 0.001

Number of embryos transferred 1 (1-2) 1 (1-1) 0.001

Progesterone (nmol/L) 2.55 (2.15-4.14) 2.52 (2.00-2.98) 0.169

Estradiol (pmol/L) 7668 (541012800) 5862 (4637-7928) 0.06

No patient with EP had a history of pelvic inflammatory disease 
nor endometriosis, suggested by symptomatology or by direct 
surgical visualization. Only 2 out of the 29 (6.9%) had previous 
confirmed EP and a resultant tubal pathology seen either surgically, 
or on hysterosalpingography or Sono hysterography. Only 1 patient 
in the ectopic group (3.4%) had a previous open myomectomy, 
while no patient in the control group had any major abdominal 
surgery. None of these abovementioned variables reached statistical 
significance between the two groups.

It was noted that smoking habits were more frequent among 
carriers of normal pregnancies, with 13.9% of them reporting 
tobacco consumption, as opposed to none of those with EP (P= 
0.034). Patients with EP were more likely to have had a cleavage-
stage rather than a blastocyst transfer (P= 0.001), had double rather 
than a single ET (P= 0.001), and finally were more likely to have had 
a difficult transfer (13.8% vs. 0%, P= 0.004), independently of the 
use of a rigid catheter (6.9% vs. 0%, P= 0.070). 4 out of the 29 ET’s 
leading to EP were judged difficult by the performing physician, 
and 50% of them (2 out of 4) required the use of a rigid catheter in 
order to negotiate the cervical canal.

Discussion 
The fact that P level did not significantly differ between patients 

with either ectopic or intrauterine pregnancies might be the result of 
some neutralizing effect between its two opposite hormonal actions: 
decreasing uterine contractility on the one hand, and altering tubal 

peristalsis on the other. With estradiol tending to be higher in the 
ectopic group, we thought that its role in tubal physiology and 
resultant ectopic implantation outweighs that of Wu Z et al. [13] 
showed in a large retrospective multicenter study that the risk of 
EP was higher in women with both elevated P and estradiol on the 
day of hCG trigger (18.10%), when compared to those with isolated 
elevated P (9.5%, P< 0.05), but not different from the group with 
isolated elevated estradiol (11.67%, NS) [13]. This is supported by 
some existing evidence from bovine models where estradiol was 
shown to affect oviductal smooth muscle contractility [14]. Human 
studies failed to completely reproduce this finding, with even some 
reports showing the complete opposite: treatment with clomiphene 
citrate- an estrogen receptor antagonist at the level of the fallopian 
tube- increased the frequency of tubal implantation [15].

Regarding the association between the type of stimulation 
protocol and the risk of EP, our findings oppose those of Rombauts 
et al. [16] who found that antagonist cycles were associated with 
a 2-fold increased risk compared with agonist one [16]. Agonist 
suppression is associated with an early elevation of serum P 
compared to suppression with an antagonist, which is commonly 
referred to as “premature luteinization” in the literature [17,18]. 
Accordingly, we postulate that it is the cumulative effect of the early 
rise in P throughout stimulation that could impact tubal physiology, 
rather than its absolute value just prior to ovulation.

Overall, the risk for EP increases approximately 2-fold among 
women who smoke [19,20]. The suggested responsible mechanism 



478

Invest Gynecol Res Women’s Health       Copyright ©  Mattar S

IGRWH.000615. 5(3).2025

may involve a lower efficiency of oocyte-cumulus complex capture 
or a decreased tubal ciliary beat frequency directly induced by 
chemical components of cigarette smoke [21,22]. Nevertheless, an 
extrapolation from spontaneous pregnancies to those resulting from 
ovarian stimulation might be misleading, specifically that smoking 
can affect the level of bioavailable P by altering the corticosteroid-
binding globulins [23-25] resulting in such unexpected outcomes 
whereby 13.9% of patients with normal pregnancies were smokers 
as opposed to none with EP.

It has been proposed that decreased uterine contractility later 
in the luteal phase and the larger diameter of the blastocyst would 
interfere with its ability to reflux through the ostium, protecting 
against tubal implantation [6,26], which was consistent with our 
results of significantly less blastocyst transfer in the study group 
compared to the control group. However, higher implantation 
potential per embryo at the blastocyst stage than cleavage stage 
may negate these effects, with a rich literature to argue in that 
direction [26-28].

When it comes to the number of embryos transferred, it’s 
logical to assume that the associated risk of EP follows a direct 
positive correlation. In a population-based cohort analysis 
of 44,102 pregnancies from the Australian and New Zealand 
registries, pregnancies following single ET had a 1.2% ectopic rate, 
significantly lower than double ET (1.8%, P< 0.01) [29]. Once again, 
our findings are in line with the available medical evidence.

Even though strong evidence links a difficult ET to poor 
outcomes like reduced clinical pregnancy and live birth rates [30,31], 
Listijono et al. [30] found no significant difference in EP rates based 
on transfer difficulty [30]. This contradicts our results, whereby 
13.8% of the ectopic cases had a challenging ET. Accordingly, more 
studies are needed to evaluate whether increased irritation and 
resultant uterine contractility, coupled with endometrial trauma, 
decreases endometrial receptivity and flushes the embryo into the 
tubes, making it a more hospitable environment for implantation.

One of the major strengths of this study lies in the fact that 
well-proven classical risk factors for EP were similar between 
the two groups, and these include: pelvic inflammatory disease, 
endometriosis, previous ectopic, tubal disease, and history of major 
abdominal surgery. These comparable demographics eliminate 
the statistical uncertainty when trying to control for variables; 
thus, any significant relationship can be solely attributed to the 
assessed exposure itself, independently of potential confounders. 
Even endometrial thickness, a relatively less solid risk factor for EP, 
was also comparable between the two groups. This was based on 
the theory that a thin endometrium prior to transfer is associated 
with an upward direction of the uterine peristalsis that might favor 
movement of the embryo into the tubes [16].

The study is further strengthened by being limited to a single-
center which eliminates inter-laboratory variability in dosing 
serum hormone levels. We recognize that this study has some 
limitations, mainly a retrospective design and a limited sample 
size. But with EP being a rare outcome, a prospective approach 

with a larger sample size would be an illogical attempt to reach 
the desired statistical power. The fact that ET’s were performed 
by different physicians could have confounded the findings, but 
the standardized protocol within the center in terms of transfer 
technique, volume of transferred material, and transfer depth 
helps to minimize such concerns. In addition, this heterogeneity 
allows a better extrapolation into daily clinical practice where 
physicians with different backgrounds and experiences perform 
the procedure. Finally, because as of January 2011 a freeze-all 
policy has been applied at our center for cycles with highly elevated 
P on the day of trigger, it makes it more difficult to answer our 
original study question whether an elevated P increases the risk of 
EP following fresh ET, since such cycles are automatically excluded 
from the analysis. 

Conclusion
To the best of our knowledge, this is the first study to assess 

the relationship between late follicular phase P level and the risk of 
EP in the setting of ART. Even though no correlation could be found 
between the two, a hormonal etiology of EP cannot be firmly ruled 
out because of intermingling variables. These variables include the 
role of estradiol, external and lifestyle factors that might affect the 
concentration of the bioavailable P, and the exact timing within the 
cycle when P starts to rise which might be dependent on the type 
of stimulation protocol used. This will set the ground for future 
work whereby the estradiol/P ratio can be followed progressively 
throughout the period of controlled ovulation stimulation to better 
evaluate any association with EP.
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