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Abstract

Objectives

The aim of this study was to investigate the impact of a history of recurrent ectopic preg-
nancy (EP) on pregnancy outcomes of subsequent in vitro fertilization (IVF) treatment.

Methods

A retrospective cohort study involving 457 women with a history of recurrent EP (REP
group), 912 women with a history of single EP (SEP group), and 1169 women with a history
of intrauterine pregnancy (IUP group) as the control group, was conducted. IVF outcomes
were compared for each cohort.

Results

The incidence of EP in the REP group after IVF treatment was significantly lower than those
in the SEP group (2.4% vs. 6.8%, P =0.011), and similar to those in the IUP group (2.4% vs.
2.1%, P = 0.830). No significant differences were observed in the clinical pregnancy rate,
miscarriage rate, and live birth rate among the three groups. There was no statistically signif-
icant difference in the recurrent EP rate between the salpingectomy and salpingostomy
treatments. Adjusting for maternal and treatment factors did not influence live birth rates for
women with previous REP compared with women with previous SEP and those with IUP.
The odds of EP were 82.2% lower (OR 0.178, 95% CI 0.042—0.762; P = 0.020) in women
who had blastocyst transfer compared with cleavage embryo transfer in the SEP group. The
odds of EP were over six times (OR 6.260, 95% CI 1.255-31.220; P = 0.025) in women who
underwent double embryo transfer as opposed to single embryo transfer in the IUP group.

Conclusion

Our results indicate that women with previous recurrent EP have a lower risk of EP after IVF
in comparison with women with previous single EP. Previous EP has no significant adverse
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effect on the main IVF outcomes. The salpingostomy and salpingectomy treatments of EP
do not significantly affect the incidence of recurrent EP after IVF.

Introduction

Ectopic pregnancy (EP) which accounts for about 1-2% of all spontaneous pregnancies, is the
most cause of maternal death during the first trimester of pregnancy [1-3]. With the wide
application of assisted reproductive technologies (ART), the incidence of EP trends to increase,
occurring in approximately 1.4-3.2% of pregnancies after IVF treatment [4-6].

Compared with patients with no history of EP, patients with a history of EP had a higher
risk of recurrent EP after IVF treatment, which ranged from 0.6% to 8.9% in the published
studies [7-9]. Previous studies assessing the pregnancy outcomes only focused on women with
a previous single EP [7-10]. There are few data on pregnancy outcomes in women with previ-
ous recurrent EP who undergoing IVF treatment [11-14]. Moreover, most studies have
focused on the risk factors for recurrent EP [11-13], or on optimizing treatment methods to
preserve fertility [14]. Infertile patients, who have a history of recurrent EP, may be particularly
worried about future reproductive outcomes including the pregnancy rate and the likelihood
of EP after IVF treatment. However, there is little evidence available in the studies to guide
physicians in counseling this specific group of women.

The aim of this present study was to investigate the impact of a history of single EP and
recurrent EP on pregnancy outcomes of subsequent IVF treatment. We also evaluated the
effect of the different EP treatments on the incidence of EP.

Materials and methods
Subjects

We performed this retrospective cohort study and collected electronic records of women who
underwent IVF/ICSI treatments at the Reproductive Medicine Center, Sir Run Run Shaw Hospi-
tal between January 2016 and May 2020. The study was approved by the Reproductive Medical
Ethics Committee of Sir Run Run Shaw Hospital, College of Medicine, Zhejiang University. The
names of patients were not divulged, the requirement for informed consent was therefore waived.

Inclusion criteria were infertility women with (1) a history or histories of tubal EP treated
by surgery, or intrauterine pregnancy (control group) from a natural pregnancy before IVF
treatment, (2) regular menstrual cycle (interval 21-35 days), and (3) undergoing the first fresh
or frozen embryo transfer cycle. The exclusion criteria were as follows: (1) the previous EP
resulted from ART (IVF/ICSI and related technology), (2) patients with conservative treat-
ment of previous EP, (3) oocyte donor cycles, (4) the cycles of preimplantation genetic diagno-
sis and screening; and (5) the cycles involving incomplete records. The control group with
intrauterine pregnancy was matched to the experimental group using the criteria: (1) age (+ 1
year); (2) body mass index; (3) the level of basal serum FSH; (4) presence of male factor infer-
tility; and/or (5) presence of endometriosis or pelvic inflammatory disease. We required exact
matching for criteria 1-3, and we attempted to match criteria 4-5 as closely as possible. During
the study period, a total of 457 women with a history of recurrent EP (REP group), 912 women
with a history of single EP (SEP group), and 1169 women with a history of intrauterine preg-
nancy (IUP group) as control group were analyzed. To evaluate the effect of the different EP
treatments on the incidence of recurrent EP, we further divided into two groups: salpingost-
omy and salpingectomy treatments.
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We collected baseline characteristics including maternal age, body mass index, infertility
duration, basal serum FSH, LH, and E2 levels, antral follicle count (AFC), cause of infertility,
stimulation protocol, duration of stimulation, parity, preexisting condition of pelvic inflamma-
tory disease, methods of EP treatments (salpingectomy or salpingostomy). The evaluated
parameters of IVF cycles included the number of oocytes retrieved, methods of fertilization,
the normal fertilization rate, stage of embryos transferred, type of embryo transfer, and the
number of embryos transferred.

IVF procedure

As previously described [6], controlled ovarian hyperstimulation (COH) was performed to
maximize follicular response while minimizing the risk of ovarian hyperstimulation syndrome.
The dose of gonadotropin (Gonal-F, Serono Laboratories, Aubonne, Switzerland; or Puregon,
N.V. Organon, Oss, the Netherlands) was individually adjusted according to female age,
weight, day 3 serum FSH value, and antral follicle count. Human chorionic gonadotropin
(hCG) (6500-10,000 IU; Serono Laboratories, Modugno, Italy) was administered in patients
when three or more follicles reached 16-18 mm or more.

Transvaginal ultrasonography-guided oocyte retrieval was performed 35 to 37 hours after
the administration of hCG. Conventional IVF or intracytoplasmic sperm injection (ICSI) was
used for fertilization. Embryos were cultured individually in sequential media in microdrops
under mineral oil. Embryonic development was assessed on day 3, day 5, or day 6 after oocyte
retrieval. The fresh embryo transfer took place on day 3, day 5, or day 6 under ultrasound guid-
ance. If the whole embryos were frozen, the thawed embryo transfer occurred in natural cycles
or hormone replacement treatment cycles. The number of transferred embryos or blastocysts
was based on the Fourth Session of the Committee of Chinese Society of Reproductive Medi-
cine (CSRM) guideline [15]. Regardless of maternal age and number of transfer cycles, no
more than two embryos transferred is recommended. Single ET is suggested when the patient
is young and had more than one good-quality embryo.

The embryo(s) was/were transferred using a soft catheter (Sydney®), Cook, Melbourne,
Australia) under transabdominal ultrasound guidance. Before ET, patients were asked to keep
filling of the bladder to facilitate an ultrasound view of the uterine cavity. The catheter was
loaded with embryo(s) in a volume of about 10 pl of transfer medium. The embryo(s) was/
were replaced approximately 1-1.5 cm from the uterine fundus under ultrasound visualiza-
tion. After transfer, the catheter was immediately and carefully checked for retained embryos.

Outcomes

The definition of EP referred to a pregnancy when the fertilized ovum implants outside the
uterine cavity. Heterotopic pregnancy was defined by the co-occurrence of ectopic pregnancy
and intrauterine pregnancy. In this study, heterotopic pregnancy was also grouped into EP.
Clinical pregnancy was defined as visualization of the gestational sac with fetal heartbeat by
transvaginal ultrasound 35 days after embryo transfer. Live birth referred to the delivery of one
or more live infants. The miscarriage was defined as spontaneous abortion or intrauterine
demise before 24 weeks of gestational age. The EP and miscarriage rates were calculated as per
the number of clinical pregnancies.

Statistical analysis

The statistical analysis was conducted in Statistical Package for Social Sciences version 20.0
(SPSS, Chicago, IL, USA). For continuous variables, we presented mean and standard devia-
tion (SD) for symmetrical distribution or median and range (minimum-maximum values) for
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asymmetrical distributions. The variables were compared with one way ANOVA test or the
nonparametric Kruskal-Wallis test depending on whether the data showed a normal distribu-
tion. Categorical variables were compared with Pearson’s Chi-squared or Fisher’s exact test
based on sample size. Binary logistic regression was used to identify the odds ratio (OR) and
95% confidence interval (CI) for factors independently related to reproductive outcomes. Vari-
ables that are believed to influence both histories of ectopic pregnancy and pregnancy outcome
were considered potential confounders [5, 9, 10]. These variables included female age, infertil-
ity duration, antral follicle count, cause of infertility, stimulation protocols, duration of stimu-
lation, the number of oocytes retrieved, fertilization rate, stage of embryos transferred, type of
embryos transferred, and the number of embryos transferred. The result was considered sig-
nificant if the P-value was <0.05.

Results

The characteristics of patients are presented in Table 1. No significant differences were
observed in maternal age, BMI, basal serum FSH, LH and E2 levels, parity, and prevalence of

Table 1. Characteristics of patients in the three groups.

SEP REP 1UP P-value *
(n=912) (n=457) (n=1169) P1 P2 P3

Female age 329+438 32.3+48 32.7+4.7 0.080 0.641 0.149

<30 (%) 252 (27.6) 139 (30.4) 313 (26.8)

30 to < 35 (%) 348 (38.2) 170 (37.2) 475 (40.6)

>35(%) 312 (34.2) 148 (32.4) 381 (32.6)
BMI, kg/m2 21.2+24 21.2+23 21.3+23 0.775 0.235 0.160
Infertility duration, y 3.7+3.1 3429 33+27 0.006 0.000 0.949
Basal serum FSH, IU/L 8.0+3.0 79+26 7.8+29 0.457 0.220 0.082
Basal serum LH, IU/L 4.7 £2.7 44+28 4.8+3.5 0.761 0.556 0.229
Basal serum E2, ng/L 37.9+229 38.2+28.3 39.3+26.5 0.141 0.784 0.099
AFC, n 7.8+4.0 7.8+4.2 82+37 0.695 0.000 0.000
Cause of infertility (%)

Tubal factor 912 (100) 457(100) 641 (54.8) 1.000 0.000 0.000

Ovulatory disorder 96 (10.5) 48 (9.9) 127 (10.9) 0.990 0.805 0.833

Endometriosis 82 (9.0) 35(7.2) 108 (9.2) 0.406 0.846 0.312

Male factor 166 (18.2) 103 (21.1) 341(29.2) 0.057 0.000 0.007
Stimulation protocol (%) 0.377 0.105 0.369

Long protocol 462 (50.7) 233 (51.0) 632 (54.1)

Short protocol 178 (19.5) 76 (16.6) 208 (17.8)

Micro-stimulation protocol 157 (17.2) 93 (20.4) 215 (18.4)

Others 115 (12.6) 55 (12.0) 114 (9.8)
Duration of stimulation, d 8.6 2.6 8.4+2.6 8.7+27 0.243 0.188 0.030
Parity (%)

0 771 (84.5) 374 (81.8) 965 (82.5) 0.203 0.226 0.735

>1 141 (15.5) 83 (18.2) 204 (17.5)
PID (%) 107 (11.7) 47 (10.3) 148 (12.7) 0.424 0.522 0.185

Note: Values as mean + standard deviation or number (%).

*We defined the statistical outcomes of SEP group versus REP group as P1; SEP group versus IUP group as P2; REP group versus IUP group as P3.

Abbreviations: SEP, single ectopic pregnancy; REP, recurrent ectopic pregnancy; IUP, intrauterine pregnancy; BMI, body mass index; AFC, antral follicle count; PID,

pelvic inflammatory disease.

https://doi.org/10.1371/journal.pone.0272949.t001
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Table 2. IVF/ICSI cycle features in the three groups.

No. of oocytes retrieved

Methods of fertilization (%)
IVF
ICSI

Normal fertilization rate

Stage of embryos transferred (%)
Cleavage
Blastocyst

Type of embryo transfer (%)
Fresh
Frozen-thawed

No. of embryos transferred (%)
1
2

SEP REP 10)4 P-value *

(n=912) (n = 457) (n =1169) P1 ) P3

6 (1-35) 7 (1-34) 8 (1-36) 0.242 0.000 0.002
712 (78.1) 371 (81.2) 944 (80.8) 0.182 0.132 0.843
200 (21.9) 86 (18.8) 225(19.2)

0.70 (0.07-1) 0.73 (0.08-1) 0.69 (0.07-1) 0.085 0.921 0.057
672 (73.7) 319 (69.8) 793 (67.8) 0.130 0.004 0.443
240 (26.3) 138 (30.2) 376 (32.2)

250 (27.4) 137 (30.0) 374 (32.0) 0.320 0.024 0.431
662 (72.6) 320 (70.0) 795 (68.0)

312 (34.2) 176 (38.5) 501 (42.9) 0.117 0.000 0.110
600 (65.8) 281 (61.5) 668 (57.1)

Note: Values as median (range) or number (%).

*We defined the statistical outcomes of SEP group versus REP group as P1; SEP group versus IUP group as P2; REP group versus IUP group as P3.

Abbreviations: SEP, single ectopic pregnancy; REP, recurrent ectopic pregnancy; IUP, intrauterine pregnancy; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm

injection.

https://doi.org/10.1371/journal.pone.0272949.t002

the pelvic inflammatory disease among the groups. The average duration of infertility was sig-
nificantly longer for women with SEP compared with women with previous REP or IUP (SEP
vs. REP: 3.7 + 3.1 vs.3.4 £ 2.9, P = 0.006; SEP vs. IUP: 3.7 + 3.1 vs. 3.3 £ 2.7, P < 0.001).
Women in IUP group had a significantly higher AFC than those with SEP and REP (IUP vs.
SEP: 7.8 £4.0vs. 8.2+ 3.7, P < 0.001; IUP vs. REP: 8.2 £ 3.7 vs. 7.8 + 4.2, P < 0.001). In addi-
tion, the percentage of tubal factor infertility was significantly higher in SEP and REP groups
than in the control group. There was a greater proportion of couples with male factor infertility
in the IUP group compared with couples in SEP and REP groups. The infertility factors of ovu-
latory disorder and endometriosis were similar among the three groups of patients. No statisti-
cally significant difference in the proportion of ovarian stimulation protocols among the three
groups was observed. The duration of stimulation was significantly shorter in the REP group
than in the IUP group (8.4 £ 2.6 vs. 8.7 + 2.7, P = 0.030). Table 2 shows that women with previ-
ous REP had a lower median number of oocytes retrieved (7; range,1-34 vs 8; range, 1-36;
P =0.002) than those in the control group. The percentage of blastocyst transfer in the IUP
group was significantly higher than that in the SEP group (32.2% vs. 26.3%, P = 0.004). There
was a higher proportion of frozen-thawed cycles in the SEP group compared with those in the
IUP group (72.6% vs. 68.0%, P = 0.024). The percentage of double embryo transfer in the IUP
group was significantly lower than that in the SEP group (57.1% vs. 65.8%, P < 0.001).
Pregnancy outcomes of each cohort are summarized in Table 3. The incidence of EP in the
REP group after IVF treatment was significantly lower than those in the SEP group (2.4% vs.
6.8%, P = 0.011), and similar to those in the IUP group (2.4% vs. 2.1%, P = 0.830). There were
no significant differences in the clinical pregnancy rate, miscarriage rate, and live birth rate
among the three groups. Pregnancy outcomes of each cohort were stratified into the following
categories according to maternal age: < 30 years, 30-35 years, and > 35 years. In the sub-
groups of women aged 30-35 years and > 35 years, women with previous SEP had significant
higher rate of EP than those with previous IUP (6.4% vs. 1.1%, P = 0.002; 7.5% vs. 2.5%,
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Table 3. Pregnancy outcomes after IVF/ICSI, stratified by maternal age.

SEP REP IUP P-value *
(n=912) (n = 457) (n=1169) P1 P2 P3

Clinical pregnancy rate (%)

Full cohort 485 (53.2) 252 (55.1) 652 (55.8) 0.492 0.238 0.818

<30y 135 (53.6) 82 (59.0) 181 (57.8) 0.302 0.311 0.817

30to <35y 203 (58.3) 93 (54.7) 269 (56.6) 0.433 0.626 0.664

> 35y 147 (47.1) 78 (52.7) 202 (53.0) 0.263 0.122 0.948
Miscarriage rate (%)

Full cohort 58 (12.0) 26 (10.3) 71 (10.9) 0.506 0.574 0.803

<30y 14 (10.4) 9(11.0) 24 (13.38) 0.888 0.435 0.604

30to <35y 27 (13.3) 7(7.5) 29 (10.8) 0.148 0.402 0.366

> 35y 17 (11.6) 10 (12.8) 18 (8.9) 0.783 0.415 0.328
Live birth rate (%)

Full cohort 416 (45.6) 220 (48.1) 568 (48.6) 0.377 0.177 0.871

<30y 119 (47.2) 72 (51.8) 150 (47.9) 0.386 0.868 0.447

30to <35y 171 (49.1) 82 (48.2) 240 (50.5) 0.847 0.694 0.608

> 35y 126 (40.4) 66 (44.6) 177 (46.5) 0.392 0.109 0.700
Ectopic pregnancy rate (%)

Full cohort 33 (6.8) 6(2.4) 14 (2.1) 0.011 0.000 0.830

<30y 9(6.7) 4(4.9) 6(3.3) 0.808 0.166 0.790

30to <35y 13 (6.4) 1(1.1) 3(1.1) 0.087 0.002 0.975

> 35y 11 (7.5) 1(1.3) 5(2.5) 0.097 0.027 0.537

Note: Values as number (%).
* We defined the statistical outcomes of SEP group versus REP group as P1; SEP group versus IUP group as P2; REP group versus [UP group as P3.
Abbreviations: SEP, single ectopic pregnancy; REP, recurrent ectopic pregnancy; IUP, intrauterine pregnancy; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm

injection.

https://doi.org/10.1371/journal.pone.0272949.t003

P =0.027, respectively). In the SEP group, 33 cases after embryo transfer had recurrent EP,
including two patients with heterotopic pregnancy, 27 patients with tubal pregnancy, one
patient with cornual pregnancy, and three patients with cesarean scar pregnancy. In the REP
group, 3 cases with recurrent EP after IVF were tube EP, and 3 cases with tube stump. In the
IUP group, ectopic pregnancy occurred in 14 cases after embryo transfer, including 12 cases of
tubal pregnancy, one case of abdominal pregnancy, and one case of cesarean scar pregnancy.

To evaluate the effect of different treatments of previous ectopic pregnancy on the recur-
rence risk of EP, the patients were categorized into two groups: the salpingectomy group and
the salpingostomy group. In the group with a single history of EP, the incidence of recurrent
EP was 6.2% for salpingectomy treatment and 8.4% for salpingostomy, and in the previous
REP group, 2.3% for salpingectomy and 4.4% for salpingostomy. There was no statistically sig-
nificant difference in the recurrent EP rate between the two groups. Detailed results are shown
in Table 4.

The ORs with 95% ClIs of live birth following REP versus the other two types of pregnancy
histories are presented in Table 5. Adjusting for female age, male factor, stimulation protocol,
stage of embryos transferred, type of embryos transferred and the number of embryos trans-
ferred did not influence live birth rates for women with previous REP compared with women
with previous SEP and those with IUP. As shown in Table 6, after adjusting for maternal and
treatment factors that might influence EP, the results indicate that the odds of EP were 82.2%
lower (OR 0.178, 95% CI 0.042-0.762; P = 0.020) in women who had blastocyst transfer
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Table 4. Effect of previous ectopic pregnancy treatments on the incidence of ectopic pregnancy after IVF/ICSI.

SEP REP*? P-value
Salpingectomy
Ectopic pregnancy rate (%) 22/354 (6.2) 3/131 (2.3) 0.083
Salpingostomy
Ectopic pregnancy rate (%) 11/131 (8.4) 2/45 (4.4) 0.382
P-value 0.397 0.818

Note: Values as number (%).

“Seventy-six patients with clinical pregnancy were excluded because they had experienced both salpingectomy and
salpingostomy treatments in their multiple EP conditions.

Abbreviations: SEP, single ectopic pregnancy; REP, recurrent ectopic pregnancy; IVF, in vitro fertilization; ICSI,

intracytoplasmic sperm injection.

https://doi.org/10.1371/journal.pone.0272949.1004

compared with cleavage embryo transfer in SEP group. The odds of EP were over six times
(OR 6.260, 95% CI 1.255-31.220; P = 0.025) in women who underwent double embryo transfer
as opposed to single embryo transfer in the IUP group.

Discussion

To our knowledge, our study is the first time to report clinical outcomes of IVF treatment in
infertile women with previous recurrent EP and to evaluate the influence of different surgical
methods on the probability of EP. The overall EP rate for women with previous single EP and
recurrent EP (5.3%) in this study was consistent with that reported previously (5.1%) [7].
Interestingly, women who had a history of recurrent EP had a lower recurrence risk of EP
compared with women with a history of single EP. Previous single EP significantly increased
the risk of recurrent EP. The differences in the clinical pregnancy rate, miscarriage, and live
birth rate among the three groups were not statistically significant.

To date, no in-depth comparison of the clinical outcomes of patients with recurrent EP to
those with a single EP or IUP has been performed. Our data show that the incidence of EP was
2.4% for women with previous REP, which was similar to women with previous IUP (2.1%),
but significantly lower than those with previous single EP (6.8%). It is not clear why patients
with REP have a decreased risk of EP, but several factors could contribute. First, we speculate
that repeat surgical treatments of EPs may reduce the risk of EP. According to a newly pub-
lished study reported by Karavani G et al., surgical intervention of a second EP could signifi-
cantly decrease the risk of a third EP [14]. We have not found other studies assessing this risk
of a history of multiple EPs in a controlled design. Second, infertility duration for women with
single EP was significantly longer compared with women with recurrent EP in this study. This
implies that a long attempt time to pregnant may play a role in the etiology of EP occurrence
[16].

Current evidence supports the hypothesis that tubal EP is resulted from embryo retention
within the tube caused by altered embryo-tubal transport and change in the tubal environment
[17]. In published studies, the risk factors for tubal EP are well established and include: tubal
disorders as a result of surgery or infection, ART technologies, and smoking [17]. Tubal disor-
ders have been regarded as a major risk factor for EP, accounting for a third of all cases [18]. It
has been shown that among women with a history of EP, the risk of recurrent EP is approxi-
mately five to ten times higher than those without a history of EP [9, 18]. In this study, the rate
of EP in women with SEP was 6.8%, significantly higher than that in the control group (2.1%).
It is possible because in women with tubal EP, surgery remains the treatment of first choice
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Table 5. Crude and adjusted odds ratios (ORs) of live birth after REP versus other pregnancy histories.

Crude OR (95% CI) Adjusted OR (95% CI)

<30y

REP versus IUP 1.078 (0.822-1.318) 1.808 (0.395-8.265)

REP versus SEP 0.592 (0.389-0.900) 0.818 (0.533-1.253)
30to <35y

REP versus IUP 0.971 (0.815-1.157) 0.926 (0.775-1.107)

REP versus SEP 1.022 (0.708-1.475) 0.930 (0.636-1.122)
>35y

REP versus IUP 0.953 (0.788-1.153) 0.986 (0.806-1.206)

REP versus SEP 0.847 (0.572-1.255) 0.980 (0.807-1.190)

Abbreviations: SEP, single ectopic pregnancy; REP, recurrent ectopic pregnancy; IUP, intrauterine pregnancy; CI,

confidence interval.

https://doi.org/10.1371/journal.pone.0272949.t1005

[19]. The resulting damage to the tubes may cause the alteration of the embryo-tubal transport
and tubal environment, and is, therefore, one of the major reasons to raise the incidence of

recurrent EP.

Table 6. Risk factors associated with EP by logistic regression analysis.

Factor Adjusted OR (95% CI)
SEP REP IUP

Female age

<30 REF REF REF

30to < 35 1.758(0.711-4.348) 1.586(0.246-10.218) 1.294(0.382-4.381)

> 35 1.490(0.623-3.562) 0.444(0.039-5.078) 0.477(0.111-2.043)
Male factor

Yes REF REF REF

No 0.936(0.378-2.320) 1.540(0.265-8.963) 1.631(0.529-5.030)
Stimulation protocol

Long protocol REF REF REF

Short protocol 0.533(0.198-1.436) 0.264(0.016-4.398) 0.306(0.049-1.895)

Micro-stimulation protocol

0.819(0.272-2.463)

2.274(0.223-23.186)

0.630(0.084-4.699)

Others

0.517(0.152-1.761)

0.669(0.040-11.234)

1.820(0.360-9.190)

Stage of embryos transferred

Cleavage REF REF REF

Blastocyst 0.178(0.042-0.762) * 0.386(0.037-3.998) 2.466(0.764-7.961)
Type of embryo transfer

Fresh REF REF REF

Frozen-thawed

1.195(0.503-2.835)

0.591(0.096-3.640)

0.670(0.208-2.160)

No. of embryos transferred

1

REF

REF

REF

2

1.352(0.592-3.090)

1.081(0.179-6.511)

6.260(1.255-31.220) *

$Statistically significant (P = 0.020).
*Statistically significant (P = 0.025).

Abbreviations: SEP, single ectopic pregnancy; REP, recurrent ectopic pregnancy; IUP, intrauterine pregnancy; CI,

confidence interval; REF, reference.

https://doi.org/10.1371/journal.pone.0272949.t1006
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EP after IVF is comparable to or even more common than natural pregnancy [4-6],
although IVF allows embryos to be transferred directly into an accurate area in the uterine cav-
ity and completely bypasses the fallopian tube. The exact reason why the transferred embryos
migrate from the uterine cavity to implant extrauterine remains unclear. The type of embryos
transferred [10], the stage of embryos transferred [5, 10], and the technique of embryo transfer
[20-22] are potential causes but there is little evidence to support these. Women who receive
stimulated cycles are at higher risk of tubal ectopic pregnancy compared with women who
undergo natural cycles [5, 23]. In addition, the cell adhesion protein, E-cadherin is associated
with the occurrence of ectopic pregnancy [24]. Revel et al. reported that the expression of E-
cadherin at the tubal implantation sites in women with an IVF pregnancy was stronger than
that in spontaneous tubal pregnancies [24], which suggested a different mechanism of ectopic
pregnancy. Bhattacharya et al. showed that a history of previous EP was an important risk fac-
tor for recurrent EP [25]. Our results showed that patients with a single history of EP had a
higher incidence of EP compared with women with no history of EP. Contrary to our finding,
the study reported by Cai H et al. reported that previous tubal EP did not raise the incidence of
recurrent EP in IVF [8]. The reason may be partially due to the difference in the study popula-
tion and only patients with tubal factor infertility were included in the study of Cai H et al..
Additionally, we speculate that another reason for the higher recurrent EP rate in our study
could be explained by the higher proportion of cleavage embryo transferred cycles, as it is sug-
gested that blastocyst transfer may reduce the incidence of EP [26, 27]. Theoretically, due to
having a larger diameter and shorter time before implantation, blastocyst transfer would be
expected to have a higher likelihood of intrauterine implantation and a lower likelihood of
ectopic implantation, than cleavage-stage embryo transfer [26, 27].

In the present study, the number of embryos transferred was associated with the risk of EP
after adjusting for multiple factors. It was observed that the number of embryos transferred is
an important underlying factor in the aetiology of EP after IVF treatment [28]. A similar find-
ing reported by Yanaihara et al. showed that the likelihood of EP was significantly lower with
single embryo transfer than with double embryo transfer [29]. In addition, a retrospective
study found that transfer with fewer embryos may contribute to decreasing the rate of EP [5].
However, a meta-analysis suggested that the EP rate for elective single embryo transfer was not
statistically significantly different from that for double embryo transfer (relative risk 0.42, 95%
CI0.09-2.01) [30]. This may be due to the small sample size, in that there were only six ectopic
pregnancies reported in the three studies included in the meta-analysis [30].

Similar to previous reports [23, 31], the risk of EP in the REP and IUP groups has a decreas-
ing trend after frozen-thawed embryo transfers than after fresh embryo transfer. Some hypoth-
eses have been proposed to explain the increased risk of EP in stimulated cycles; these include
an altered uterine environment or endometrial receptivity that may have a negative effect on
embryo-tubal transport [23, 31], and the oocyte retrieval procedure that could lead to uterine
contractility and the release of inflammation mediators adjacent to the fallopian tube [4].

Women with IUP had a significantly higher number of oocytes retrieved than those in the
SEP and REP groups. The result may be explained by the different ovarian responses to stimu-
lation. Evidence suggested that AFC was a marker of ovarian reserve and may be helpful in
predicting the number of oocytes retrieved and stimulation response [32]. We collected and
calculated AFC at the beginning of the cycle and found that women in the IUP group had a sig-
nificantly higher AFC than those with SEP and REP. This finding could be explained by the
effect of tubal surgery for EP on ovarian reserve and ovarian response. Because ovarian vascu-
larization is close to the fallopian tube and mesosalpinx, tubal surgery may impair ovarian vas-
cularization and function [33, 34].
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Tubal EP can be surgically managed by salpingectomy, in which the affected tube is
removed, or salpingostomy, in which the tube is conserved and only the trophoblast is
removed [35]. Several investigations have attempted to evaluate future fertility prospects after
different surgical approaches of tubal EP [7, 36]. In a randomized controlled trial, the repeat
ectopic pregnancy rate was 8% after salpingostomy and 5% after salpingectomy (P = 0.19)
[36]. In 2015 a large retrospective study showed that the rate of ectopic pregnancy after IVF
was 4.9% in the salpingostomy group, which was similar to that in the salpingectomy group
(4.5%) [7]. Consistent with these studies [7, 36], our findings show that there is no significant
difference between salpingostomy and salpingectomy treatments. Additionally, in this study,
for patients who were treated with salpingectomy, the ectopic pregnancy rate (6.2%) in the
SEP group was slightly higher than that of the REP group (2.3%), but the difference was not
statistically significant (P = 0.083). The occurrence of ectopic pregnancy after bilateral salpin-
gectomy is rare. The incidence of spontaneous pregnancy after bilateral salpingectomy is very
low. With the wide application of IVF-ET, successful pregnancy after bilateral salpingectomy
can be achieved, but it also increases the risk of ectopic pregnancy [37, 38]. A recent review
summarized that the sites of ectopic pregnancy following IVE-ET after bilateral salpingectomy
include tube stump, uterine cornua, abdominal cavity, retroperitoneum, and ovaries [39]. In
this study, three patients after bilateral salpingectomy developed ectopic pregnancy following
IVE-ET. The sites of ectopic pregnancy were all tubal stumps.

Our study is valuable because this is the first to provide evidence for the effect of a history
of recurrent EP on outcomes of subsequent IVF treatment. This is also the largest study of a
population with previous recurrent EP. However, our study has several limitations. First, due
to the retrospective nature of the study, selection bias derived from the use of medical records
and patient report may be inevitable. When the treatment for EP was not managed in our hos-
pital, the information was based on the patient’s report during the IVF cycle. This is the second
limitation of the study. Finally, we cannot exclude unmeasured confounding as an explanation
of our findings. For instance, we did not consider the use of intrauterine devices or condoms
which may be a significant risk factor for recurrent EP [18]. Despite these limitations, an
important strength that enhances the validity of our data is the consistency of a single-center
experience in clinical and laboratory protocols (e.g., ovarian stimulation, embryo transfer tech-
nique, embryo culture system, embryo cryopreservation, and thaw protocols). Our findings
add information to the limited available data about reproductive outcomes of IVF treatment
for women with a history of recurrent EP.

Conclusions

Women with previous recurrent EP had lower risks of EP after IVF treatment compared with
women with one history of EP. Previous single EP significantly increased the risk of recurrent
EP. No significant differences were observed in the clinical pregnancy rate, miscarriage rate,
and live birth rate among the three groups. The salpingostomy and salpingectomy treatments
of EP did not influence the incidence of recurrent EP after IVE. The results suggest that closer
attention to the EP history of patients undergoing IVF is warranted.

Supporting information

S1 Data.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0272949  August 15, 2022 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272949.s001
https://doi.org/10.1371/journal.pone.0272949

PLOS ONE Recurrent ectopic pregnancy and IVF outcome

Acknowledgments

The authors thank all the doctors, nurses, and embryologists in the Assisted Reproduction
Unit of Sir Run Run Shaw Hospital for their help in collecting data.

Author Contributions
Conceptualization: Yamei Xue.

Data curation: Yamei Xue, Xiaomei Tong.
Formal analysis: Yamei Xue.

Methodology: Xiaomei Tong, Haocheng Zhang.
Software: Haocheng Zhang.

Supervision: Songying Zhang.

Writing - original draft: Yamei Xue.

References

1. Hoover KW, Tao G, Kent CK. Trends in the diagnosis and treatment of ectopic pregnancy in the United
States. Obstet Gynecol2010; 115:495-502. https://doi.org/10.1097/A0G.0b013e3181d0c328 PMID:
20177279

2. Gaskins AJ, Missmer SA, Rich-Edwards JW, Williams PL, Souter |, Chavarro JE. Demographic, life-
style, and reproductive risk factors for ectopic pregnancy. Fertil Steril2018; 110:1328-1337. https://doi.
org/10.1016/j.fertnstert.2018.08.022 PMID: 30503132

3. Chouinard M, Mayrand MH, Ayoub A, Healy-Profitds J, Auger N. Ectopic pregnancy and outcomes of
future intrauterine pregnancy. Fertil Steril2019; 112:112—119. https://doi.org/10.1016/j.fertnstert.2019.
03.019 PMID: 31056305

4. Londral, Moreau C, Strobino D, Garcia J, Zacur H, Zhao Y. Ectopic pregnancy after in vitro fertilization:
differences between fresh and frozen-thawed cycles. Fertil Steril2015; 104:110-118. https://doi.org/
10.1016/j.fertnstert.2015.04.009 PMID: 25956363

5. BuZ, XiongY, Wang K, Sun Y. Risk factors for ectopic pregnancy in assisted reproductive technology:
a 6-year, single-center study. Fertil Steril2016; 106:90-94. https://doi.org/10.1016/j.fertnstert.2016.02.
035 PMID: 27001382

6. JinXY,LiC, XuW, etal. Factors associated with the incidence of ectopic pregnancy in women undergo-
ing assisted reproductive treatment. Chin Med J (Engl) 2020; 133: 2054—2060. https://doi.org/10.1097/
CM9.0000000000001058 PMID: 32810048

7. XulZ,Yanl,LiuW, etal. Effect of treatment of a previous ectopic pregnancy on in vitro fertilization-intra-
cytoplasmic sperm injection outcomes: a retrospective cohort study. Fertil Steril2015; 104:1446-1451.
e1-3. https://doi.org/10.1016/j.fertnstert.2015.08.034 PMID: 26409152

8. CaiH, Mol BW, Li P, Liu X, Watrelot A, Shi J. Tubal factor infertility with prior ectopic pregnancy: a dou-
ble whammy? A retrospective cohort study of 2,892 women. Fertil Steril2020; 113:1032—-1038. https://
doi.org/10.1016/j.fertnstert.2019.12.036 PMID: 32143813

9. Weigert M, Gruber D, Pernicka E, Bauer P, Feichtinger W. Previous tubal ectopic pregnancy raises the
incidence of recurrent ectopic pregnancies in in vitro fertilization-embryo transfer patients. J Assist
Reprod Genet2009; 26:13—17. https://doi.org/10.1007/s10815-008-9278-2 PMID: 19020971

10. TanY, BuZQ, ShiH, SongH, Zhang YL. Risk Factors of Recurrent Ectopic Pregnancy in Patients
Treated With in vitro Fertilization Cycles: A Matched Case-Control Study. Front Endocrinol (Lausanne)
2020; 18; 11:552117. https://doi.org/10.3389/fendo.2020.552117 PMID: 33071969

11. Butts S, Sammel M, Hummel A, Chittams J, Barnhart K. Risk factors and clinical features of recurrent
ectopic pregnancy: a case control study. Fertil Steril2003; 80:1340—1344. https://doi.org/10.1016/
s0015-0282(03)02206-4 PMID: 14667866

12. Ellaithy M, Asiri M, Rateb A, Altraigey A, Abdallah K. Prediction of recurrent ectopic pregnancy: A five-
year follow-up cohort study. Eur J Obstet Gynecol Reprod Biol 2018; 225:70-78. https://doi.org/10.
1016/j.ejogrb.2018.04.007 PMID: 29679814

PLOS ONE | https://doi.org/10.1371/journal.pone.0272949  August 15, 2022 11/13


https://doi.org/10.1097/AOG.0b013e3181d0c328
http://www.ncbi.nlm.nih.gov/pubmed/20177279
https://doi.org/10.1016/j.fertnstert.2018.08.022
https://doi.org/10.1016/j.fertnstert.2018.08.022
http://www.ncbi.nlm.nih.gov/pubmed/30503132
https://doi.org/10.1016/j.fertnstert.2019.03.019
https://doi.org/10.1016/j.fertnstert.2019.03.019
http://www.ncbi.nlm.nih.gov/pubmed/31056305
https://doi.org/10.1016/j.fertnstert.2015.04.009
https://doi.org/10.1016/j.fertnstert.2015.04.009
http://www.ncbi.nlm.nih.gov/pubmed/25956363
https://doi.org/10.1016/j.fertnstert.2016.02.035
https://doi.org/10.1016/j.fertnstert.2016.02.035
http://www.ncbi.nlm.nih.gov/pubmed/27001382
https://doi.org/10.1097/CM9.0000000000001058
https://doi.org/10.1097/CM9.0000000000001058
http://www.ncbi.nlm.nih.gov/pubmed/32810048
https://doi.org/10.1016/j.fertnstert.2015.08.034
http://www.ncbi.nlm.nih.gov/pubmed/26409152
https://doi.org/10.1016/j.fertnstert.2019.12.036
https://doi.org/10.1016/j.fertnstert.2019.12.036
http://www.ncbi.nlm.nih.gov/pubmed/32143813
https://doi.org/10.1007/s10815-008-9278-2
http://www.ncbi.nlm.nih.gov/pubmed/19020971
https://doi.org/10.3389/fendo.2020.552117
http://www.ncbi.nlm.nih.gov/pubmed/33071969
https://doi.org/10.1016/s0015-0282%2803%2902206-4
https://doi.org/10.1016/s0015-0282%2803%2902206-4
http://www.ncbi.nlm.nih.gov/pubmed/14667866
https://doi.org/10.1016/j.ejogrb.2018.04.007
https://doi.org/10.1016/j.ejogrb.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29679814
https://doi.org/10.1371/journal.pone.0272949

PLOS ONE

Recurrent ectopic pregnancy and IVF outcome

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Refaat B, Dalton E, Ledger WL. Ectopic pregnancy secondary to in vitro fertilisation-embryo transfer:
pathogenic mechanisms and management strategies. Reprod Biol Endocrinol 2015; 12; 13:30. https://
doi.org/10.1186/512958-015-0025-0 PMID: 25884617

Karavani G, Gutman-ldo E, Herzberg S, Chill HH, Cohen A, Dior UP. Recurrent Tubal Ectopic Preg-
nancy Management and the Risk of a Third Ectopic Pregnancy. J Minim Invasive Gynecol 2021;
28:1497-1502.e1. https://doi.org/10.1016/}.jmig.2020.12.005 PMID: 33310167

The Fourth Session of the Committee of Chinese Society of Reproductive Medicine (CSRM). Chinese
expert consensus on numbers of embryos transferred. J Reprod Med (In Chinese) 2018; 27:940-945.

Lund Karhus L, Egerup P, Wessel Skovlund C, Lidegaard 9. Long-term reproductive outcomes in
women whose first pregnancy is ectopic: a national controlled follow-up study. Hum Reprod2013; 28:
241-246. https://doi.org/10.1093/humrep/des375 PMID: 23081868

Shaw JL, Dey SK, Critchley HO, Horne AW. Current knowledge of the aetiology of human tubal ectopic
pregnancy. Hum Reprod Update 2010; 16:432—444. https://doi.org/10.1093/humupd/dmp057 PMID:
20071358

Zhang D, Shi W, Li C, et al. Risk factors for recurrent ectopic pregnancy: a case-control study. BJOG
2016; 123 Suppl 3:82—-89. https://doi.org/10.1111/1471-0528.14011 PMID: 27627605

Hajenius PJ, Mol F, Mol BW, Bossuyt PM, Ankum WM, Veen F van der. Interventions for tubal ectopic
pregnancy. Cochrane Database Syst Rev2007:CD000324. https://doi.org/10.1002/14651858.
CD000324.pub2 PMID: 17253448

Nazari A, Askari HA, Check JH, O’'Shaughnessy A. Embryo transfer technique as a cause of ectopic
pregnancy in in vitro fertilization. Fertil Steril 1993; 60: 919-921. PMID: 8224280

Azem F, Yaron Y, Botchan A, et al. Ectopic pregnancy after in vitro fertilization-embryo transfer (IVF-
ET): the possible role of the ET technique. J Assist Reprod Genet 1993. 10:302—-304. https://doi.org/10.
1007/BF01204946 PMID: 8130437

A Strandell J Thorburn, L Hamberger. Risk factors for ectopic pregnancy in assisted reproduction. Fertil
Steril 1999; 71:282-286. https://doi.org/10.1016/s0015-0282(98)00441-5

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 Steril2014; 101:162—165. https://doi.org/10.1016/j.fertnstert.2013.10.002 PMID:
24238273

Revel A, Ophir |, Koler M, Achache H, Prus D. Changing etiology of tubal pregnancy following IVF. Hum
Reprod2008; 23:1372—-1376. https://doi.org/10.1093/humrep/den018 PMID: 18385125

Bhattacharya S, McLernon DJ, Lee AJ, Bhattacharya S. Reproductive outcomes following ectopic preg-
nancy: register-based retrospective cohort study. PLoS Med2012; 9: e1001243. https://doi.org/10.
1371/journal.pmed.1001243 PMID: 22723747

Ishihara O, Kuwahara A, Saitoh H. Frozen-thawed blastocyst transfer reduces ectopic pregnancy risk:
an analysis of single embryo transfer cycles in Japan. Fertil Steril2011; 95:1966—1969. https://doi.org/
10.1016/j.fertnstert.2011.02.015 PMID: 21377154

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. Fertil Steril2015; 103:655-661.€3.
https://doi.org/10.1016/j.fertnstert.2014.11.023 PMID: 25542820

Li Z, Sullivan EA, Chapman M, Farquhar C, Wang YA. Risk of ectopic pregnancy lowest with transfer of
single frozen blastocyst. Hum Reprod 2015; 30:2048—-2054. https://doi.org/10.1093/humrep/dev168
PMID: 26202917

Yanaihara A, Yorimitsu T, Motoyama H, Ohara M, Kawamura T. Clinical outcome of frozen blastocyst
transfer; single vs. double transfer. J Assist Reprod Genet 2008; 25:531-534. https://doi.org/10.1007/
$10815-008-9275-5 PMID: 18989770

Grady R, Alavi N, Vale R, Khandwala M, McDonald SD. Elective single embryo transfer and perinatal
outcomes: a systematic review and meta-analysis. Fertil Steril2012; 97:324-331. https://doi.org/10.
1016/j.fertnstert.2011.11.033 PMID: 22177461

Zhang X, Ma C, Wu Z, et al. Frozen-Thawed Embryo Transfer Cycles Have a Lower Incidence of
Ectopic Pregnancy Compared With Fresh Embryo Transfer Cycles. Reprod Sci2018; 25:1431-1435.
https://doi.org/10.1177/1933719117746759 PMID: 29254433

Hsu A, Arny M, Knee AB, et al. Antral follicle count in clinical practice: analyzing clinical relevance. Fertil
Steril2011; 95:474—479. https://doi.org/10.1016/j.fertnstert.2010.03.023 PMID: 20434151

Gay C, Perrin J, Courbiere B, Bretelle F, Agostini A. Impact of salpingectomy for ectopic pregnancy on
the ovarian response during IVF stimulation. J Gynecol Obstet Hum Reprod2019; 48:727-730. https://
doi.org/10.1016/j.jogoh.2019.05.009 PMID: 31108239

PLOS ONE | https://doi.org/10.1371/journal.pone.0272949  August 15, 2022 12/13


https://doi.org/10.1186/s12958-015-0025-0
https://doi.org/10.1186/s12958-015-0025-0
http://www.ncbi.nlm.nih.gov/pubmed/25884617
https://doi.org/10.1016/j.jmig.2020.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33310167
https://doi.org/10.1093/humrep/des375
http://www.ncbi.nlm.nih.gov/pubmed/23081868
https://doi.org/10.1093/humupd/dmp057
http://www.ncbi.nlm.nih.gov/pubmed/20071358
https://doi.org/10.1111/1471-0528.14011
http://www.ncbi.nlm.nih.gov/pubmed/27627605
https://doi.org/10.1002/14651858.CD000324.pub2
https://doi.org/10.1002/14651858.CD000324.pub2
http://www.ncbi.nlm.nih.gov/pubmed/17253448
http://www.ncbi.nlm.nih.gov/pubmed/8224280
https://doi.org/10.1007/BF01204946
https://doi.org/10.1007/BF01204946
http://www.ncbi.nlm.nih.gov/pubmed/8130437
https://doi.org/10.1016/s0015-0282%2898%2900441-5
https://doi.org/10.1016/j.fertnstert.2013.10.002
http://www.ncbi.nlm.nih.gov/pubmed/24238273
https://doi.org/10.1093/humrep/den018
http://www.ncbi.nlm.nih.gov/pubmed/18385125
https://doi.org/10.1371/journal.pmed.1001243
https://doi.org/10.1371/journal.pmed.1001243
http://www.ncbi.nlm.nih.gov/pubmed/22723747
https://doi.org/10.1016/j.fertnstert.2011.02.015
https://doi.org/10.1016/j.fertnstert.2011.02.015
http://www.ncbi.nlm.nih.gov/pubmed/21377154
https://doi.org/10.1016/j.fertnstert.2014.11.023
http://www.ncbi.nlm.nih.gov/pubmed/25542820
https://doi.org/10.1093/humrep/dev168
http://www.ncbi.nlm.nih.gov/pubmed/26202917
https://doi.org/10.1007/s10815-008-9275-5
https://doi.org/10.1007/s10815-008-9275-5
http://www.ncbi.nlm.nih.gov/pubmed/18989770
https://doi.org/10.1016/j.fertnstert.2011.11.033
https://doi.org/10.1016/j.fertnstert.2011.11.033
http://www.ncbi.nlm.nih.gov/pubmed/22177461
https://doi.org/10.1177/1933719117746759
http://www.ncbi.nlm.nih.gov/pubmed/29254433
https://doi.org/10.1016/j.fertnstert.2010.03.023
http://www.ncbi.nlm.nih.gov/pubmed/20434151
https://doi.org/10.1016/j.jogoh.2019.05.009
https://doi.org/10.1016/j.jogoh.2019.05.009
http://www.ncbi.nlm.nih.gov/pubmed/31108239
https://doi.org/10.1371/journal.pone.0272949

PLOS ONE

Recurrent ectopic pregnancy and IVF outcome

34.

35.

36.

37.

38.

39.

Fan M, Ma L. Effect of salpingectomy on ovarian response to hyperstimulation during in vitro fertiliza-
tion: a meta-analysis. Fertil Steril2016; 106:322—329.e9. https://doi.org/10.1016/j.fertnstert.2016.03.
053 PMID: 27114330

D’Hooghe T, Tomassetti C. Surgery for ectopic pregnancy: making the right choice. Lancet2014;
383:1444-1445. https://doi.org/10.1016/S0140-6736(14)60129-X PMID: 24499813

Mol F, van Mello NM, Strandell A, Strandell K, Jurkovic D, Ross J, et al. Salpingotomy versus salpin-
gectomy in women with tubal pregnancy (ESEP study): an open-label, multicentre, randomised con-
trolled trial. Lancet2014; 383:1483-1489. https://doi.org/10.1016/S0140-6736(14)60123-9 PMID:
24499812

Wp Dmowski, Rana N, Ding J, Wu WT. Retroperitoneal subpancreatic ectopic pregnancy following in
vitro fertilization in a patient with previous bilateral salpingectomy: how did it get there? J Assist Reprod
Genet2002; 19:90-93. https://doi.org/10.1023/a:1014451932539 PMID: 11958512

XuY, LuY, ChenH, LiD, Zhang J, Zheng L. Heterotopic Pregnancy After In Vitro Fertilization and
Embryo Transfer After Bilateral Total Salpingectomy/Tubal Ligation: Case Report and Literature
Review. J Minim Invasive Gynecol 2016; 23:338—345. https://doi.org/10.1016/j.jmig.2015.11.013
PMID: 26687016

OuYang Z, Yin Q, Wu J, Zhong B, Zhang M, Li F. Ectopic pregnancy following in vitro fertilization after
bilateral salpingectomy: A review of the literature. Eur J Obstet Gynecol Reprod Biol 2020; 254:11-14.
https://doi.org/10.1016/j.ejogrb.2020.08.046 PMID: 32898753

PLOS ONE | https://doi.org/10.1371/journal.pone.0272949  August 15, 2022 13/13


https://doi.org/10.1016/j.fertnstert.2016.03.053
https://doi.org/10.1016/j.fertnstert.2016.03.053
http://www.ncbi.nlm.nih.gov/pubmed/27114330
https://doi.org/10.1016/S0140-6736%2814%2960129-X
http://www.ncbi.nlm.nih.gov/pubmed/24499813
https://doi.org/10.1016/S0140-6736%2814%2960123-9
http://www.ncbi.nlm.nih.gov/pubmed/24499812
https://doi.org/10.1023/a%3A1014451932539
http://www.ncbi.nlm.nih.gov/pubmed/11958512
https://doi.org/10.1016/j.jmig.2015.11.013
http://www.ncbi.nlm.nih.gov/pubmed/26687016
https://doi.org/10.1016/j.ejogrb.2020.08.046
http://www.ncbi.nlm.nih.gov/pubmed/32898753
https://doi.org/10.1371/journal.pone.0272949

