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Abstract

Background: The incidence of ectopic pregnancy (EP) is purportedly elevated among individuals with a history of EP (referred to as the
EP group) compared to those with no previous ectopic pregnancy (non-EP group). Nevertheless, the question of whether an EP history
represents an autonomous risk factor for subsequent ectopic pregnancy of in vitro fertilization-embryo transfer (IVF-ET) patients remains
a subject of debate. Methods: This study is a retrospective cohort study conducted at a single center. A total of sixty-seven patients
with a prior ectopic pregnancy (EP) who underwent bilateral salpingectomy were included, and they were age-matched with a control
group of 201 patients who did not have a history of EP but underwent bilateral salpingectomy during the period from January 2011 to
April 2017. In all cases, laparoscopic salpingectomy was performed, followed by subsequent IVF-ET and frozen-thawed embryo transfer
(FET) cycles. Results: The cumulative clinical pregnancy rates in the EP group and non-EP group were 65.7% and 73.6%, respectively,
demonstrating no significant difference. Likewise, the cumulative live birth rates between the two groups were comparable (50.7% in
the EP group vs. 63.6% in the non-EP group, p = 0.2). However, the incidence of ectopic pregnancy was significantly higher in the EP
group compared to the non-EP group (15.9% vs. 3.4%, p = 0.003). Subsequent regression analyses revealed a significant association
between a history of EP and an elevated risk of ectopic pregnancy. Conclusions: Women with a history of ectopic pregnancy even if
they have had bilateral salpingectomies are at a significantly higher risk of subsequent ectopic pregnancies, indicating that a prior ectopic
pregnancy is an independent risk factor for this condition, even if fallopian tubes have been removed.
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1. Introduction

Ectopic pregnancy (EP) refers to the implantation and
development of the embryo outside the endometrial cav-
ity. The incidence rate of EP is approximately 2%–3%
in women during early pregnancy [1,2], with a higher oc-
currence observed in cases involving assisted reproductive
technology (ART). Despite continuous improvements in di-
agnosis and treatment, EP remains the leading cause of
pregnancy-related mortality during the first trimester [3,4].
This can be life-threatening if it is not diagnosed or treated
in time, which remains a global medical problem that can-
not be prevented. The prevalence of EP is on the rise due
to various risk factors, including the increased utilization
of ART, a history of prior EP, tubal disease, tubal injury
or surgery, pelvic inflammatory disease (PID), endometrio-
sis, smoking, and advanced maternal age [5–7]. Pelvic in-
fections play a central role in tubal pathology, resulting in

alterations in tubal function, tubal blockage, and the de-
velopment of pelvic adhesive disease. Consequently, these
factors increase the odds of experiencing EP, with reported
odds ratios ranging from 2.1 to 4.5 [8,9].

Tubal surgeries, such as tubal sterilization, bipolar co-
agulation, and tubal reconstructive procedures are widely
recognized as risk factors for EP [10,11]. Additionally, ce-
sarean section and endometriosis have been identified as in-
dependent risk factors for EP [12–14]. Furthermore, exces-
sive ovarian response and multiple embryo transfer during
in vitro fertilization (IVF) have also been associated with an
elevated risk of EP, with reported incidence rates as high as
11% [15,16]. Previous study has also indicated that a his-
tory of EP is also a risk factor, with a probability of recur-
rence of approximately 10% for individuals with one prior
EP and over 25% for those with two or more ectopic preg-
nancies [17]. Tubal pregnancy is the most common type of
ectopic pregnancy, it was previously believed that after a
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Fig. 1. Flow chart of the patient cohort selection. IVF, in vitro fertilization; N, number; EP, ectopic pregnancy.

oviduct fenestration for ectopic pregnancy, the likelihood
of recurrent ectopic pregnancy would increase, and that bi-
lateral salpingectomy would reduce the risk of another ec-
topic pregnancy, but currently, there are no studies showing
whether a history of ectopic pregnancy is an independent
high-risk factor for ectopic pregnancy after bilateral salp-
ingectomy or if inflammation of the fallopian tube and en-
dometrium after EP treatment plays a role. Thus, the direct
association between prior EP and subsequent EPs remains
uncertain.

This retrospective matched-pair study aimed to inves-
tigate whether a history of EP was an independent risk fac-
tor for the occurrence of EP after embryo transfer in in vitro
fertilization-embryo transfer (IVF-ET) treatment.

2. Materials and Methods
2.1 Patients

This retrospectivematched-pair study utilized a 1:3 ra-
tio. The study participants were selected from a pool of
patients who received in vitro fertilization (IVF) treatment
at the Center of Reproductive Medicine, Peking Univer-

sity Third Hospital (PUTH), China, during the period from
January 2011 to April 2017. The study received approval
from the ethics committee of PUTH. In total, 67 women
with a previous occurrence of fallopian ectopic pregnancy
(excluded special and rare ectopic pregnancy sites, such
as rectal ectopic pregnancy, heteroectopic pregnancy, and
retroperitoneal ectopic pregnancy) who had undergone bi-
lateral salpingectomy were included in the study, consti-
tuting the EP group, and age-matched women with bilat-
eral salpingectomy due to tubal obstruction, hydrosalpinx,
or fallopian tube adhesion as the control group (non-EP
group), which was showed in Fig. 1. Laparoscopic surgery
was used for all cases.

Patients with no oocyte retrieved, fertilization failure,
no embryo obtained, chromosomal abnormalities in either
partner, endometritis, intrauterine adhesions, uterine mal-
formations, endometriosis and a history of pelvic inflam-
matory disease were excluded from the study.

2.2 Clinical Protocols and Laboratory Protocols

All study participants underwent a standardized ovar-
ian stimulation protocol during their IVF cycles. The
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Table 1. Baseline characteristics in women with (EP group) and without EP history (non-EP group).
EP group (n = 67) Non-EP group (n = 201) p-value

Age (years) 31.45 31.97 NS (0.763)
Type of infertility 0.001

Primary n (%) 0% 47.80%
Secondary n (%) 100% 52.20%

BMI (kg/m2) 22.67 22.62 NS (0.295)
Basal FSH (mIU/mL) 6.37 5.85 0.045
Basal E2 (mIU/mL) 154.04 156.57 NS (0.663)
Number of oocytes retrieved (n) 12.6 ± 7.03 13.4 ± 7.46 NS (0.848)
Number of transferable embryos (n) 5 [1, 23] 5 [1, 24] NS (0.93)
Endometrial thickness (mm) 9.97 10.87 NS (0.532)
Number of embryo transfer (n) 2 [1, 3] 2 [1, 3] NS (0.744)
Average transfer cycles (n) 1.6 ± 1.01 1.9 ± 1.04 NS (0.484)
BMI, body mass index; NS, not statistically significant; EP, ectopic pregnancy; FSH, follicle-stimulating
hormone; E2, estrogen.

ovarian stimulation regimen involved the use of recom-
binant follicle-stimulating hormone (FSH) (Gonal-F from
Merck-Serono, Darmstadt, Hessen, Germany) in either
gonadotrophin-releasing hormone agonist (GnRH-agonist)
protocols or gonadotrophin-releasing hormone antagonist
(GnRH-antagonist) protocols. When at least three domi-
nant follicles >17 mm or two follicles >18 mm were ob-
served under ultrasound, human chorionic gonadotropin
(HCG, Ovidrel; Merck Serono, Aubonne, Vaud, Switzer-
land) was administered at a dosage range of 4000–10,000
IU to induce oocyte maturation. Oocyte retrieval was con-
ducted 36–38 hours post HCG injection.

IVF procedures were performed utilizing either con-
ventional insemination or intracytoplasmic sperm injection,
with the choice of method determined by the couple’s medi-
cal history. Embryo transfers were carried out either on day
3 or day 5 of embryo development.

2.3 Cycle Outcome

Demographic and basal characteristics, including age,
type of infertility, body mass index (BMI) were ana-
lyzed. IVF/FET (frozen-thawed embryo transfer, FET) cy-
cle characteristics including basal follicle-stimulating hor-
mone (FSH) level, basal estrogen (E2) level, peak endome-
trial thickness, number of oocytes retrieved, number of em-
bryos transferred, average transfer cycels were also ana-
lyzed.

The primary outcomes assessed in this study is ectopic
pregnancy rate (EPR), the secondary outcomes included the
cumulative clinical pregnancy rates (CCPR) and cumula-
tive live birth rates (CLBR) within the context of IVF/FET.
CCPR was calculated by dividing the total number of clin-
ical pregnancy cycles by the total number of patients in-
cluded in the analysis. Clinical pregnancy was defined as
the visualization of a gestational sac accompanied by the
detection of fetal cardiac activity through ultrasound exam-
ination within 28 to 30 days post-embryo transfer. CLBR,

on the other hand, was determined by dividing the number
of live birth cycles by the total number of patients. Ectopic
pregnancy was operationally defined based on the detection
of the embryo’s location during laparoscopic surgery. For
the purpose of this study, any birth occurring after reaching
26 weeks gestational age was considered a live birth.

2.4 Statistical Analysis
The statistical analysis in this studywas conducted uti-

lizing the IBM SPSS Statistics Package version 20 (IBM
Corporation Inc., Armonk, NY, USA). Descriptive statis-
tics for the baseline characteristics were compared using
either Student’s t-test (for normally distributed data) or
the Mann-Whitney U-test (for skewed data). The CCPR
and EPR were assessed using the paired chi-squared test.
Furthermore, logistic regression analysis was employed to
identify the factors that influenced the occurrence of ectopic
pregnancy. A significance threshold of 0.05 was set for all
statistical analyses.

3. Results
Table 1 displays demographic and basal characteris-

tics of 67 women with a prior ectopic pregnancy (EP group)
and 201 women without a history of EP (non-EP group)
who underwent IVF/FET. The two groups exhibited com-
parable age and BMI distributions. However, a notable dis-
tinction was observed in terms of basal FSH levels, which
were significantly higher in the EP group compared to the
non-EP group (6.37 vs. 5.58, p = 0.045). No significant
differences were identified between the groups in relation
to cycle characteristics, including the number of retrieved
oocytes, transferable embryos, endometrial thickness, and
the number of embryos transferred.

To further determine the accociation between EP his-
tory and cycle outcomes, the study assessed a total of 112
IVF/ET cycles in the EP group and 395 IVF/ET cycles in
the non-EP group. There were no statistically significant
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Table 2. Cycle outcomes in women with and without previously ectopic pregnancy.
EP group (n = 67) non-EP group (n = 201) p-value

Cumulative clinical pregnancy rate 65.7 (44/67) 73.6 (148/201) NS (0.76)
Ectopic pregnancy rate 15.9 (7/44) 3.4 (5/148) 0.003
Cumulative live birth rate 50.7 (34/67) 63.6 (128/201) NS (0.21)
NS, not statistically significant; Measurements are presented as number (%).

Table 3. Logistic regression analysis of potential factors
associated with ectopic pregnancy.

Odds ratio 95% CI p-value

EP history 18.7 (2.0, 175) 0.01
Age 0.9 (0.8, 1.1) 0.97
Type of infertility 0.16
Primary n (%) 5.1 (0.5, 49)
BMI 1.2 (0.9, 1.4) 0.09
Basal FSH 1.2 (0.9, 1.6) 0.19
Endometrial thickness 1.2 (0.8, 1.8) 0.33
Number of embryo transferred 1.6 (0.3, 7.9) 0.59
95% CI, 95% confidence interval.

differences observed between the two groups in terms of the
CCPR and CLBR ( 65.7%, 50.7% in the EP group; 73.6%,
63.6% in the non-EP). However, among women with clin-
ical pregnancy, a higher rate of EP was observed in the EP
group (15.9% vs. 3.4%, p = 0.003) (Table 2). It is notewor-
thy that among the study participants, a total of 12 cases
were diagnosed with EP, and it is worth mentioning that
the sites of recurrence of ectopic pregnancy were exclu-
sively in the interstitial tubal pregnancy or cornual preg-
nancy. Specifically, within the EP group, seven out of 44
patients experienced an EP, while within the non-EP group,
five out of 148 patients were diagnosed with EP.

To examine the potential influence of EP history as an
independent factor on the occurrence of EP, logistic regres-
sion analysis was conducted. In the univariate logistic re-
gression model, each candidate factor affecting EP in infer-
tility patients was examined and presented in Table 3. The
analysis revealed that a history of ectopic pregnancy (EP)
was a significant and independent risk factor for subsequent
occurrence of EP (p = 0.01), as shown in Table 3.

4. Discussion
The principal aim of this case-control study was to ex-

amine the effects of previous tubal disease necessitating bi-
lateral salpingectomy on IVF outcomes, as well as to evalu-
ate the potential association between prior EP and the risk of
recurrent EP. This study represents the first investigation to
demonstrate that a history of EP serves as a significant risk
factor for recurrent EP in infertile women who have under-
gone bilateral salpingectomy.

Infertility has long been established as a crucial risk
factor for EP and other adverse pregnancy outcomes [18].
Multiple studies [18,19] have reported higher EP rates in

ART cycles due to the transfer of multiple embryos. Al-
though embryos are directly transferred into the uterine cav-
ity during IVF-ET, a significant proportion of pregnancies
still localize ectopically [20]. Numerous literature reviews
have documented that the occurrence of ectopic pregnancy
subsequent to IVF varies within the range of 2.1% to 8.6%
of all clinical pregnancies [19,21]. Consistent with previ-
ous reports, the EP rate in the present study was 3.4% in the
non-EP group, while the rate was markedly higher (15.9%)
in women with a history of EP. This finding suggests that
a history of EP is a significant risk factor for recurrent EP,
and that EP history should be taken into account when pre-
dicting the probability of EP in infertile women undergoing
bilateral salpingectomy and IVF.

Numerous factors have been identified to contribute
to the occurrence of ectopic pregnancy, including en-
dometritis, intrauterine adhesion, uterine malformation, en-
dometriosis, and smoking. Previous investigations have in-
dicated that a history of EP raises the probability of experi-
encing another EP in subsequent pregnancies. It is widely
recognized that tubal disease represents a significant risk
factor for EP, contributing to approximately one-third of
all cases [22]. The resulting damage to the fallopian tube
may lead to changes in embryo-fallopian transport and the
fallopian tube microenvironment, thereby constituting one
of the primary factors contributing to the heightened in-
cidence of recurrent EP. However, the exclusion of con-
founding factors following treatment of EP has been a chal-
lenge for follow-up studies due to multiple treatment op-
tions such as expectant management, conservative medica-
tion, and surgery (e.g., salpingectomy or salpingostomy).

Surgery is the preferred treatment in clinic for women
with tubal EP and different surgical methods and decisions
regarding retaining the contralateral fallopian tube can lead
to the higher risk for subsequent EP recurrence. Salpingo-
tomy (retain the fallopian tubes and only remove the tro-
phoblast layer) is an optional treantment for those couples
with conceiving needs naturlly, while it has been associ-
ated with an elevated risk of subsequent EP occurrences
[22,23]. More study groups have been reported the sim-
ilar EP rate after different surgical methods of tubal EP.
Mol et al. [24] have conducted a randomised controlled
trial with 215 allocated to salpingotomy and 231 to salp-
ingectomy. They reported 8% repeat ectopic pregnancy
rate in the salpingotomy group and 5% in the salpingec-
tomy group, which supported by the results in Xue et al.
[25] group. Moreover, Xue et al. [25] demonstrated that
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women with a prior single ectopic pregnancy (6.8%) ex-
hibit a greater risk of experiencing EP following IVF com-
pared to women with no history of EP (2.1%) and those
with a history of recurrent EP (2.4%). Notably, the salp-
ingectomy in the former studies contained both unilateral
and bilateral salpingectomy, which may result in the dis-
tinct EP occurrence rate. This study is strengthened by its
inclusion of patients who underwent laparoscopic bilateral
salpingectomy, which minimized unequal comparisons and
bias between case-control groups. Furthermore, this study
attempted to eliminate other EP-related confounding factors
by including women who underwent assisted reproductive
technology. The study found that a history of EP was an
independent risk factor leading to an increased likelihood
of subsequent EP.

There are several limitations to this study that need
to be acknowledged. Firstly, due to the sample size, fresh
and frozen-thawed cycles were not analyzed separately. All
participants in this study underwent one stimulation cycle
followed by IVF-ET and FET cycles until they had a live
birth. The aim of the study was to focus on the individual-
level probability of EP occurrence. Despite a prior investi-
gation that observed no disparity in the occurrence of ec-
topic pregnancy between fresh cycles and frozen-thawed
cycles in a substantial IVF patient cohort [26], this find-
ing has been challenged by other research groups. Emerg-
ing evidence indicates that frozen-thawed embryo transfer
(FET) may exhibit a lower incidence of ectopic pregnancy
(EP) when compared to fresh cycles, as documented in re-
cent studies [27–29]. Therefore, larger sample sizes and
more comprehensive studies are necessary to address this
issue.

5. Conclusions
In conclusion, our study found that a prior EP is a sig-

nificant independent risk factor for recurrent EP among in-
fertile women undergoing bilateral salpingectomy and IVF.
This finding highlights the importance of considering EP
history when predicting the probability of EP in infertile
women undergoing bilateral salpingectomy and IVF. De-
spite certain limitations in this study, such as linited sample
size and the absence of considering embryo quality, it pro-
vides valuable insights for clinicians to improve the prog-
nosis of infertile patients and to avoid occurrence of emer-
gency and complications. Further investigation involving
larger-scale and comprehensive studies is warranted to val-
idate our findings and furnish clinicians with more compre-
hensive information.
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